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155. 7'*s Kinetics of the Inhibition of the Reaction between Chlorine 
and Nitric Oxide. 


By Eric M. STODDART. 






The reaction between chlorine and nitric oxide has always been considered as a 
termolecular homogeneous reaction. The present work shows that the reaction 
velocity can be considerably influenced by surface conditions, and therefore this re- 
action is really heterogeneous in character, The nitrosyl chloride formed can, by 
adsorption on the surfaces of the reaction vessel, inhibit the reaction to such an extent 
that it ceases altogether, a phenomenon reminiscent of the effect of drying on chemical 
reactions. The evidence indicates that association of nitric oxide occurs hetero- 
geneously, the complex being capable or incapable of homogeneous reaction with 


chlorine depending upon whether the complex molecule has been stabilised or not by 
the surface of the reaction vessel. 




















THE author recently found (J., 1939, 5) that the reaction between oxygen and nitric oxide 
was inhibited by drying if mixing occurred in the oxygen-containing vessel, although it 
proceeded normally if mixing was effected in the nitric oxide vessel. These observations 
indicated the heterogeneous formation of a complex molecule (NO), which was able to 
react with the oxygen homogeneously : 


2NO => (NO), 


the (NO), concentration being very small, i.e., dissociation of the complex being almost 
complete. Such a scheme would accord with Bodenstein’s observation (Z. physikal. 
Chem., 1922, 100, 68) that the reaction is kinetically termolecular, and if the life period of 
the complex is assumed to decrease with rising temperature, the temperature coefficient 
of 0-912—0-997 can also be explained. Hasche (J. Amer. Chem. Soc., 1926, 48, 2253) 
showed that the reaction possessed an induction period under various surface conditions, 
and that the rate of reaction was reduced 20% below the normal if paraffin-coated vessels 
and fairly dry gases were used. These observations can also be interpreted by the above 
scheme, and the author inferred that the oxygen-nitric oxide reaction is not a true homo- 
geneous reaction but a complex reaction involving concurrently consecutive changes at 
least one of which is heterogeneous. 

As a result of this work, it was decided to investigate the inhibition kinetically. Un- 
fortunately, the oxygen-nitric oxide reaction is complicated by the fact that the product, 
dinitrogen tetroxide, is dissociated, thereby making the calculations difficult and increasing 
the possibility of error. It was therefore decided to investigate kinetically the chlorine— 
nitric oxide reaction, 2NO + Cl, —-» 2NOCI, the product of which is not dissociated, in 
the hope that this reaction would be similarly inhibited by surface conditions and that the 
kinetics of the inhibiting factor could be discovered. Comparatively little attention has 
been given to this reaction, but Coates and Finney (J., 1914, 105, 2444) and Trautz (Z. | 
anorg. Chem., 1914, 88, 285) found it to be termolecular and homogeneous, with a temper- 
ature coefficient about 1-2. 

If a is the concentration of nitric oxide and 5 that of chlorine at zero time, and if x 
represents the change of the chlorine concentration in time ¢, then the velocity equation is 
dx/dt = k(a — 2x)?(6 — x) which on integration becomes 


aa 1 b(a — 2x) 2x 
SG a © eb—s) 'dbdas..... & 
The velocity equation can be written in the form 


alleen = mien — x)}%(b — *) = eMe = oht 7): ; ns 1, 
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Trautz (loc. cit.) used the integrated form of this equation (in different symbols) and his 
velocity constant, k’, is therefore four times the present constant, k. 

Coates and Finney carried out their experiments under special conditions, the initial 
partial pressures of chlorine and of nitric oxide being about 4 atm. and % atm. respectively, 
and they stated that “ the initial concentrations of the two gases from the point of view 
of the law of mass action were equal, namely, a third of an atmosphere.” The velocity 
constant was calculated from the equation (transposed into the present symbols) : 


= (1/24)[1/(b — x)? — 1/07] 


The premise that the concentrations of the two gases were equal is incorrect; the nitric 
oxide concentration was twice that of the chlorine throughout the reaction since the 
concentration of a gas is equal to its partial pressure. Therefore the velocity equation 
for their experiments should be dx/d¢ = k[2(b — x)]?(b — x), which on integration becomes 


k = (1/8#)[1/(6 — x)? — 1/6?)] 


Their values for the velocity constant should therefore be divided by 4 to give values 
comparable with those in the present work. 

A more important point is that for the measurements Coates and Finney used mercury 
manometers, protected against attack by a nitrogen cushion. They admitted that the 
mercury was insufficiently protected, and they believed that the attack accounted for the 
increase of the velocity constant towards the end of the reaction. The present work shows 
that the velocity constant can decrease towards the end of the reaction, and it may be 
that the attack of the mercury was more serious than Coates and Finney believed. In any 
case, the presence of mercury is undesirable. Coates and Finney also employed fine con- 
necting tubes, and although this would not seriously hinder the functioning of their Tépler 
pump, it was deemed desirable in the present work to use large-diameter connecting tubes 
in order to decrease the time of mixing of the gases as well as to increase the efficiency of 
the modern pumping system. 

Trautz (loc. cit.) carried out kinetic measurements similar to those of Coates and Finney, 
using quantities of the gases in various molecular concentrations. It was found necessary 
to use low partial pressures of the gases, since rapid reaction caused uncertainties in the 
manometer readings. Later, Trautz and Schlueter (Z. anorg. Chem., 1924, 136, 1) suggested 
that the reaction occurred in two stages: an intermediate compound NOCI,, formed by 
the equilibrium NO + Cl, => NOCI,, underwent a rapid but measurable change, NOCI, + 
NO = 2NOCI. The velocity of the second reaction was believed to determine the speed 
of the whole change, which is therefore termolecular in the kinetic sense. It was observed 
that when large partial pressures of nitric oxide were used, the velocity constant decreased 
rapidly as the reaction proceeded. This was explained by supposing that the large amount 
of nitric oxide hastened the second reaction to such an extent that the compound NOCI, 
was not present under the equilibrium conditions of the first reaction. Such an explanation 
is fallacious, since a large concentration of nitric oxide would hasten both reactions by 
the same relative amount. Trautz and Schlueter also noticed that in experiments where 
large partial pressures of chlorine were used, the velocity constant increased rapidly as 
the reaction proceeded, a fact for which no theoretical explanation was given. Krauss 
and Saracini (Z. phystkal. Chem., 1937, A, 178, 245) confirmed the observation that the 
reaction obeys the termolecular law, and suggested that the fluctuations in the velocity 
constant reported by Trautz and Schlueter were due to experimental error. 

In the present experiments, the gases used were moderately dry, but the reaction 
vessel was exhausted for many hours before use, in order that the loosely adsorbed gas 
molecules could be removed, the final surface conditions thus resembling those used in the 
nitric oxide-oxygen investigation. 


EXPERIMENTAL. 


Preparation of Materials .—Nitric oxide was prepared by adding sulphuric acid to a mixture 
of potassium nitrate and ferrous sulphate, and was washed with water followed by concentrated 
sulphuric acid, which removed traces of nitrogen dioxide. The gas was evolved so quickly 
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that a gasometer was necessary to smooth out the supply, but the gas was not stored over 
water, with which it reacts to form nitrogen (Moser, Z. anal. Chem., 1911, 50, 401). The 
chlorine was prepared by dropping hydrochloric acid on potassium permanganate and was 
washed with permanganate solution, The gases were dried by passing first over anhydrous 
calcium chloride and then over phosphoric anhydride. 


A pparatus.—This was constructed throughout in soda-glass and was cleaned with alcohol— 
nitric acid, washed, and dried before assembly. It consisted of three vessels, A, B, and CG 
(Fig. 1), each about 15” long and of 2” internal diameter with a capacity of about 750 c.c., 
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immersed in an electrically controlled thermostat steady to + 0-1° at 25°. A steadier tem- 
perature than this was not required since the reaction has a low temperature coefficient. The 
vessels B and C were used to contain the nitric oxide and chlorine, respectively, for the ex- 
periment, and this arrangement enabled the gases to attain a steady temperature before being 
introduced into the reaction vessel A. The last could be placed in communication with a glass- 
spring tensimeter, D, which was a sensitive spoon gauge furnished with a light glass needle 
18” long, the whole instrument being rigidly clamped to the bench. The tensimeter was used 
as a null instrument and enabled the pressure in the reaction vessel to be measured without 
allowing the gases to come into contact with the mercury manometer. The pressure in the 
outer jacket of the tensimeter was adjusted by the tap K until the instrument’s needle returned 
to its zero position. The pressure in the vessel A was then that in the jacket, which was directly 
read off the mercury manometer. The movements of the needle over.a scale were observed by 
the unaided eye, although the sensitivity of the instrument could be considerably increased 
by using a telescope. Since the experiments were conducted in such a way that very quick 
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determinations of pressure were necessary, it was essential to avoid all cumbersome appliances, 
such as telescopic readings and mirror and scale readings, and to rely upon the direct reading 
of the instrument. It was soon possible to estimate pressures to within 1 mm. in a matter of 
5 secs. The estimated pressure was always checked by momentarily opening the tap L, which 
connected the reaction vessel directly to the mercury manometer: lack of movement of the 
tensimeter needle indicated correct pressure measurement. The volume of the connecting 
tubes to the tensimeter and manometer was kept small in order to increase the sensitivity of 
the manometer and tensimeter on opening tap L. The gas admitted to the tensimeter jacket 
was nitrogen, which acted as a buffer between the reactive gases and the mercury in the 
manometer. 

The taps and tubing were of 6 mm. internal diameter throughout, except the connections 
of the manometer and tensimeter, which were 1—2 mm.; this facilitated rapid evacuation 
and rapid mixing of the gases. The taps were lubricated with Apiezon grease throughout, 
although trouble was often experienced after the apparatus had been in use for some time; 
hot water was then found sufficient to soften the grease, although it was eventually necessary 
to regrease the taps. The arrangement was found to be as satisfactory as the employment 
of special lubricants, none of which completely resists attack by chlorine and nitrosyl chloride. 

Procedure.—The vessels B and C were each evacuated by a “ Hyvac”’ pump via the vessel 
A for several hours. The respective gases were introduced, and when the vessels had attained 
atmospheric pressure, the taps F and H were opened to the atmosphere, and the gases streamed 
through the vessels for several hours. In this way pure samples of the gases were obtained in 
the vessels for the experiment in hand. The pressure of the chlorine could be reduced if necessary 
by expansion into A, and the nitric oxide pressure could be reduced or increased by a mercury 
gas holder inserted into the gas train. 

The reaction vessel A and the side arms of the tap J, the tensimeter, and manometer were 
evacuated for at least 4 hours. One of the gases was then introduced into A and its pressure 
measured, and at a given time, the second gas was introduced. The time of mixing was usually 
less than 5 secs., and the total gas pressure was measured as quickly as possible. Zero time was 
taken as the moment at which the tensimeter was balanced to its null position, and the pressure 
was then noted at various time intervals. 


RESULTS AND DISCUSSION. 


The results of the experiments are tabulated; # gives the pressure in the reaction 
bulb, pyo the partial pressure of nitric oxide = a — 2x, and pq, that of chlorine = 6 — x, 
allin mm. Cols. A and B give k x 107 calculated respectively from equation (1) for the 
time interval between the successive observations, and for the interval between the current 
observation and the initial observation. These velocity constants fall rapidly as the 
reaction proceeds and it is clear that the termolecular law is not obeyed, or that the re- 
action is inhibited by its products or surface conditions. Trautz and Schlueter observed a 
decrease in the velocity constant when large concentrations of nitric oxide were used, but 
such conditions did not operate in the present experiments. It is possible that surface 
conditions inhibit the reaction due to the adsorption of nitrosyl chloride. Application of 
the adsorption isotherm would give the kinetic equation dx/d¢t = k(a — 2x)*(b — x)/2x, 
which becomes 
2b b(a — 2x) 2x 


= Gap Goa) t+ ae — ee) 





on integration. Col. C gives the values of this velocity constant (x 105) calculated for the 
interval from the initial reading. It is seen that it usually increases in the early stages of 
the reaction, and is then fairly constant, although a tendency to fall can often be detected 
in the later stages. In many experiments, this velocity constant falls very rapidly, and 
therefore the reaction kinetics cannot be explained by such simple theories. 

The experiments show that the reaction is affected by surface conditions in a manner 
reminiscent of the nitric oxide-oxygen reaction, suggesting the probability that the two 
reactions have a similar mechanism. It is suggested that the complex molecule (NO), 
plays a fundamental réle in both reactions, the complex being formed in heterogeneous 
equilibrium with nitric oxide and dissociation being almost complete. The surface which 
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brings the equilibrium about can be imagined as being in two states, part being active and the 
remainder inactive. When the (NO), molecule is formed on the active surface, it is capable 
of reaction with chlorine; when formed on the inactive surface, it is incapable of reaction. 
The total number of (NO), molecules present will not depend on the amount of surface 
so long as equilibrium is established, but the nature of the surface will alter as reaction 
proceeds, thereby altering the ratio of those complex molecules capable of reaction to the 
total number present, the latter being determined by the law of mass action. If these 
assumptions are valid, the velocity of the reaction will not be affected by increasing the 
amount of surface in the reaction vessel, since this will not affect either the total number 
of complex molecules present or the relative-number capable of reaction. Moreover, as 
reaction proceeds, the ratio of active to total surface will always be the same no matter 
what the total surface happens to be. In fact, the reaction can be erroneously believed 
to be homogeneous. A test was made by employing a reaction bulb packed with glass 
tubing with a total surface of 3,500 sq. cm. and a gas capacity of 475 c.c., i.e., the surface 
was increased ten-fold per c.c. of gas. The results are given in expts. 3A, 3B, and 3D. 
The velocity constants A and B differ but slightly from those of the other experiments 
and the effect of this increased surface is so small that that the reaction has always been 
reported as homogeneous. The velocity constant C is somewhat increased by the additional 
surface. 

If the relative amount of active surface remains a constant throughout the reaction, 
the concentration of complex molecules capable of reaction will be proportional to the 
square of the nitric oxide concentration, and the velocity equation will be dx /dt=k[NO}*(Cl,]. 
Previous workers have found that the reaction obeys this equation and the author suggests 
that they have used surfaces which prevent inhibition taking place. It is not customary 
when investigating kinetics to evacuate apparatus to such an extent that the surfaces 
are denuded of all loosely held gas molecules, and under the usual conditions, inhibition 
would not occur since the surfaces would not be capable of further adsorption of gas. 

If the surfaces of the present experiments are rendered inactive by adsorption of 
nitrosyl chloride, the number of complex molecules capable of reaction will decrease 
rapidly as the reaction proceeds. Let o be the fraction of the total active surface which 
has been rendered inactive. Then (1 — o) will be the fraction of the complex molecules 
capable of reaction and the velocity equation becomes 


du/dt = k,(a —2x)%{6—x)(l—o) . . . . . . (2) 


so that dx/d¢ will approach zero as o approaches unity. 

If the inhibition is due to the adsorption of nitrosyl chloride, then the adsorption 
isotherm will apply and (1 — o) will be inversely proportional to the nitrosyl chloride 
concentration, so that dx/d¢ = k(a — 2x)*(b — x) /2x. 

Since the experiments do not obey this equation, it is supposed that the inhibition 
noticed in the present work is due to the slow adsorption of the nitrosyl chloride, a process 
requiring only a small energy of activation. The occurrence of this adsorption, and there- 


fore the inhibition, may be prevented by protecting the surface by other gases, such as 
air. 


Expt. No. 1A. Temp. = 16°. Expt. No. 1C. Temp. = 15°. 

Time, Time, 
mins. >. Pro- Por: A. B Cc. mins. >. Pro- Per: A. B. ot 
0 498 310 188 2-20 — os 0 463 223 240 2-40 — — 
2 490 294 180 2-25 2-20 —- 2 458 213 235 1-80 2-4 0-92 
4 484 282 174 2-40 2-20 0-38 4 454 205 231 2-15 2-1 0-18 
6 478 270 168 2-10 2:30 0-66 6 450 197 227 1-80 2-1 0-18 
8 473 260 163 2-10 2:20 0-67 8 447 191 224 1-85 20 0-32 
10 468 250 158 2-85 2-20 0-63 10 444 185 221 2-06 20 0-33 
12 463 240 153 1-80 2-30 0-92 15 437 171 214 1-89 20 0-53 
20 452 218 142 1-30 2:10 1-22 20 432 161 209 1-30 19 0-75 
30 444. 202 . 134 0-30 190 1-26 30 425 147 202 1-30 18 0-68 
45 438 190 128 0-61 150 1-16 45 418 133 195 1:10 16 0-85 
60 434 182 124 1-30 1-08 60 413 123 190 0-92 15 0-88 
90 406 109 183 13 0-93 
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Expt. No. 1D. Temp. = 15°. 
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Expt. No. 3B (with a packed bulb). 
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Expt. No. 2B. Temp. = 25°. 
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The rate of adsorption will be proportional to the concentration of the nitrosyl chloride 
and the amount of adsorption which can still take place, #.¢., 


dofdteh(l—o)2e. . 2. ww. 


(this equation recalls the behaviour of activated adsorption; see Kingman, Trans. Faraday 
Soc., 1932, 28, 269). 
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The reaction should obey equations (2) and (3) throughout the whole of its course. 
There are, however, two limiting cases in the reaction. It will be shown that &, is small; 
therefore at the beginning of the reaction, « will be negligible since x is small, and equation 
(2) can therefore be simplified and integrated, giving equation (1). In other words, k, =k 
at the beginning of the reaction. The tables show that k, is 4-5 x 10-7 at 25° and 2-2 x 10-7 
at 15°, the temperature coefficient being 2-04, which is greater than that previously 
reported. At the end of the reaction, dx/dt is almost zero, #.¢., x is virtually a constant. 
If x is treated as constant, equation (3) gives 


(l —o) =e*-24# , ‘ eo ee e & 
on integration, an equation similar to that of Bangham and Sever (Phil. Mag., 1925, 49, 
938). Substituting in (2) and taking logarithms, we have 


log, a oe =a" loge = logk, — ky.2xt. . «© + «+ (5) 
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If the left-hand side of this equation is plotted against — 2x, the result should be a straight 
line in the final stages of the reaction, the intercept on the log,’ axis giving log,k, and the 
slope giving k,. The values of dv/dé¢ at 10-minute intervals were determined graphically 
from the x-¢ curve, and the value of the logarithmic expression then calculated for these 
particular times. Fig. 2 shows the curves so obtained for the three experiments 1A, 2B, 
and 3A, the slopes approximating to give k, = 2-0 x 10“. Although all the experiments 
obey the straight-line relationship of (4) fairly well, perfect agreement with theory is only 
to be expected when dx/dé approaches zero, #.¢., when log,k approaches — oo and when it is 
thus impossible to study the reaction experimentally. 

The equation which would satisfy the reaction over the whole of its course is an infinite 
series in powers of x for a particular value of ¢. On combining equations (2) and (3) we 
have de/dx = (k,/k,)(a — 2x)*(b — x)/2x which on integration becomes 


ae Qx 2b b(a — 2x) 
ae ‘Les aya — Ba) + @— 253 8 ae — a) 








830 The Kinetics of the Inhibition of the Reaction, etc. 
Substituting in (3), we get 


dx _ hy(a — 2x)"(b — x) — he (a — 2x)(b— x) .2% _ k 2b(a — 2x)*(b — x) 


b(a — 2x) 
i log 


(25 — a) 2 a — 2 eae—a) 


the integral of which is not a simple mathematical expression. In order to test the validity 
of this equation, dx/d¢ was calculated for various values of x and the values obtained were 
compared graphically with the actual values. (The tabulated data suffice for the reader to 
check any of the experiments in this way, and Fig. 3 gives the curves for the three ex- 
periments 1A, 2B,and3A.) The values of the constants used for Fig. 3 were k, =4-5 x 10-7 
and ky = 1-85 x 10 at 25°; k, =2-2 x 10°’ and k, = 2-0 x 10+ at 15°. The tem- 
perature coefficient of k, indicates a process requiring a very small energy of activation. 
Fig. 3 also shows the values that dx/d¢ would have if the reaction obeyed the simple ter- 
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molecular law, these values being calculated from the equation dx/d¢t = k,(a — 2x)?(b — x). 
It is to be noted that in order to maintain a suitable scale for the three experiments, the 
values of dx/d¢ at x = 0 for experiments 2B and 3A have been omitted from Fig. 3. 
They are 11-0 and 16-2 respectively, and the three curves of each experiment originate 
at these points. 


This theory would require that the reaction should be completely inhibited when 


(a — 2x)(b — x) .2x 2b(a — 2x)?(b— x), bla — 2x) 
as ts pas as 


Fig. 3 shows how these two functions of x, f(x) and ¢(x) respectively, approach one another 
as the reaction proceeds, dx/d¢ consequently approaching zero. In some experiments 
(e.g., 3A, 1D, 2A, 2E, 3D, and 3B) the f(x) and ¢(x) curves approach one another so closely 
that dx/dt should be negligible. Actually, it was so small that x was virtually a constant. 
This is an example of two mixed gases incapable of reaction owing to surface conditions, 
and is reminiscent of the author’s observations on the nitric oxide-oxygen reaction, which 
was studied under conditions of intensive drying. 

Heterogeneous reactions usually obey the adsorption isotherm. According to this, 


k,(a — 2x)?(b — x) =k, 
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the rate of condensation is proportional to 2x(1 — o) and the rate of evaporation is pro- 
portional to o, these two quantities being equal and opposite, i.¢., the adsorbed gas is in 
equilibrium with the gas phase. Since these suppositions failed to give a velocity equation 
which would satisfy the present experiments, it has been assumed that the evaporation 
of nitrosyl chloride from the surface is negligible during the time of the experiment, 7.<., 
the surface and the gas phase are not in equilibrium.. The rate of condensation, or the rate 
of covering of active surface, at a particular moment, will be proportional to 2x(1 — o). 
In other words, equation (3) will express the behaviour of the surface. It is noteworthy 
that Maxted and Evans (J., 1938, 1228; 1939, 1750) have found that the relationship 
between adsorption and catalytic activity can best be accounted for by Bangham and 
Sever’s equation, which resembles (4), the latter being deduced from (3). 


Grants from the Research Fund of the Chemical Society which were used in carrying out this 
research are gratefully acknowledged. 
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156. Organic Derivatives of Sulphur, Selenium, and Tellurium. 
Part I. 


By Davin T. LEwis. 


The action of hydrogen sulphide, selenide and telluride on the benzoyl chloride— 
pyridine additive complex and on chloral hydrate has been studied. 

New methods are described for the preparation of thiobenzoic and selenobenzoic 
acids. Certain related derivatives have been isolated, and their properties recorded. 


THE nature of the additive compound of pyridine and benzoyl chloride was investigated 
by Dehn and Ball (J. Amer. Chem. Soc., 1912, 34, 1399; 1914, 36, 2091). Deninger (J. pr. 


Chem., 1894, 50, 479) showed that, in the presence of anhydrous sodium carbonate, it 
yields benzoic anhydride (cf. Minunni and Caberti, Gazzetta, 1891, 20, 655). Claisen (Ber., 
1898, 31, 1024), investigating the action of hydrogen cyanide on an ethereal solution of 
benzoyl chloride containing pyridine, isolated benzoyl cyanide and bis-benzoyl cyanide. 
The present work deals with the mechanism of the reaction between the additive com- 
pound and the hydrides of sulphur, selenium and tellurium. 

It was thought probable that the reaction might afford a simple means of preparing 
dibenzoyl sulphide or dibenzoyl disulphide. Fromm and Schmoldt (Ber., 1907, 40, 2682) 
obtained the monosulphide by means of the reaction 2C,H,*COCI1 + Na,S = (CgH,°CO),S + 
2NaCl and it might be surmised that hydrogen sulphide would react similarly. In pyridine, 
however, the reaction takes a more complex course, though some of the preceding com- 
pounds have been isolated as by-products. 

Staudinger and Freudenberger (Ber., 1928. 61, 1576) and Fromm (Ber., 1895, 28, 898) 
have shown that the oxygen atom of a ketone may be replaced by sulphur, with the 
formation of a thioketone, by mere saturation of an alcoholic solution of the ketone with 
dry hydrogen sulphide (cf. Linnell and Sharma, J. Pharm. Pharmacol., 1939, 12, 263), and 
the present work shows that a similar substitution occurs when the pyridine—acid chloride 
complex is subjected to the action of this gas. No apparent reaction occurs when benzoic 
anhydride is substituted for benzoyl chloride. 

Derivatives of Chloral.—Bis-(888-trichloro-«-hydroxyethyl) sulphide, [CCl,-CH(OH)],S, 
was obtained by Hageman (Ber., 1872, 5, 154) by the action of hydrogen sulphide on an 
ethereal solution of chloral. Although it is decomposed by water, it is fairly stable in 
hydrochloric acid solution (Wyss, Ber., 1874, 7, 211), and use has been made of this fact 
in the preparation of the selenium analogue. The tellurium analogue could not be prepared. 


EXPERIMENTAL. 
Dithiobenzoyl Oxide (C,H,°CS),O0.—Freshly distilled benzoyl chloride (20 c.c.) was added 
slowly to “ AnalaR”’ pyridine (30 c.c.); after 5 minutes the additive compound began to 
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separate. Hydrogen sulphide (dried over phosphoric oxide) was led over the mixture, stirred 
under a reflux condenser, at such a rate that the heat of reaction maintained a moderate tem- 
perature; after 1 hour, the initial pink colour disappeared and a viscous yellow paste formed. 
This was stirred with 400 c.c. of dilute hydrochloric acid (1: 1) to remove the pyridine; oily 
globules of thiobenzoic acid were set free. The solid was filtered off and dissolved in hot 
alcohol; at 0°, dithiobenzoyl oxide separated in colourless crystals, m. p. 112° (after three re- 
crystallisations from hot alcohol), readily soluble in benzene, carbon disulphide, and acetic acid, 
slightly soluble in ether, and insoluble in water and hot aqueous alkali (Found: C, 65-0; H, 
4-1; S, 24-0; M, cryoscopic in benzene, 263. C,,H, OS, requires C, 65-1; H, 3-9; S, 24-8%; 
M, 258-3). Warming with alcoholic potassium hydroxide caused immediate decomposition ; 
after removal of the alcohol, acidification of the residue with hydrochloric acid gave hydrogen 
sulphide and benzoic and thiobenzoic acids. Dithiobenzoyl oxide dissolved in concentrated 
sulphuric acid to give a yellow solution, and was oxidised by concentrated nitric acid to benzoic 
acid. Gentle heating with 50% nitric acid gave a small quantity of dibenzoyldisulphone,. which 
formed white needles from alcohol, m. p. 141° (Found : S, 18-95. C,,H4S,O, requires S, 18-95%). 
Dithiobenzoyl oxide was boiled under reflux with an excess of aniline, and the cooled mixture 
poured into hydrochloric acid; benzanilide (m. p. 163°) was precipitated, but no thiobenzanilide 
was isolated. ; 

The original alcoholic filtrate was evaporated to dryness after addition of concentrated 
aqueous ammonia. Some ammonium thiobenzoate was formed, but the white crystals obtained 
on recrystallisation from hot water consisted mainly of benzamide, m. p. 127°; no thiobenzamide 
was isolated. 

a-Selenobenzoic Acid, C,H,-CO*‘SeH.—An attempt was made to prepare diselenobenzoyl 
oxide in a similar manner. Reaction with the benzoyl chloride—pyridine complex occurred, 
and a black mass resulted when the product was poured into hydrochloric acid (1:1). A hot 
alcoholic extract of the mass was filtered and cooled; it gave «-selenobenzoic acid, m. p. 132— 
133° after two recrystallisations from hot alcohol and one from carbon disulphide [Found : 
C, 45-0; H, 2-95; Se, 42-6. Found (micro-analysis by Drs. Weiler and Strauss of Oxford) : 
C, 45-4; H, 2-95. Calc.: C, 45-4; H, 3-2; Se, 42-7%]. Mingoia (Gazzetta, 1926, 56, 835) gives 
m. p. 133°, The present method affords a rapid and simple means of preparing the acid in 
good yield. 

The acid has a tendency to decompose, depositing red selenium, if its alcoholic solution is 
too strongly heated, and it is immediately decomposed by concentrated nitric acid and slowly 
by warming with aqueous alkali, though rapidly in alcoholic solution. 

a-Tellurobenzoic acid could not be prepared in a similar way. 

Bis-(BB8-trichloro-a-hydroxyethyl) Sulphide.—Pure chloral was obtained from chloral hydrate 
and distilled over phosphoric oxide (b. p. 98-3°). An ethereal solution was saturated with hydro- 
gen sulphide for 6 hours, the ether removed, and the residue shaken with dilute hydrochloric 
acid and recrystallised from ether; m. p. 126—127° (Hageman, loc. cit., gives 127—128°). A 
much purer product can be obtained by saturating a concentrated acidified aqueous solution of 
chloral hydrate with hydrogen sulphide. After some hours a mass of white crystals is thrown 
down; after washing with hydrochloric acid and recrystallisation from ether, the m. p. is 128°. 
The product has a strong mercaptan odour, and reduces alcoholic mercuric chloride, mercurous 
chloride being precipitated ; the solution then smells of black currants, but no definite compound 
can be isolated. Treatment with sodium in alcohol gives a similar odour, 

Bis-(B68-trichloro-a-hydroxyethyl) Selenide—This particularly unstable compound was 
prepared by passing hydrogen selenide into a saturated solution of chloral hydrate containing 
an excess of hydrogen chloride. It was precipitated after some hours in reddish needles and 
was purified in the same way as the corresponding sulphur compound; m. p. 94—98° (decomp. 
into chloral and hydrogen selenide) (Found: Se, 21-2. C,H,O,Cl,Se requires Se, 21-0%). 


The author-thanks the Chemical Society for a research grant. 
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157. New Synthesis of 4: 4'-Dimethoxy-aa’'-diethylstilbene. 
By Ervin PETERI. 


4: 4'-Dimethoxy-a«’-diethylstilbene, first obtained by Robinson ef al. (Nature, 
1938, 141, 247), has now been prepared by means of molecular rearrangements. 


EXPERIMENTS have been carried out to prepare dimethoxystilbene derivatives by means 
of the so-called retropinacolinic rearrangement whereby «a’-dimethyl- and a«’-diethyl- 
stilbene were obtained by Meerwein (Annalen, 1914, 405, 174) and Lévy (Compt. rend., 1921, 
172, 383; Bull. Soc. chim., 1921, 29, 865): the reaction of an aa-diphenyl-«-alkylacetal- 
dehyde and an alkylmagnesium bromide yields a carbinol which, when distilled in the 
presence of a trace of dilute sulphuric acid, gives the corresponding dialkylstilbene. 

An attempt was made to prepare aa-dianisyl-«-ethylacetaldehyde (I) according to 
Weill (Bull. Soc. chim., 1931, 49, 1811) by refluxing «$-dihydroxy-«$-dianisylbutane (II) 
for a short time at the ordinary pressure and subsequent distillation. An oil was obtained 
which was treated with ethylmagnesium bromide, and the product distilled in the presence 
of dilute sulphuric acid. Only a small amount of 4 : 4’-dimethoxy-a«’-diethylstilbene was 
produced. It was then found that the dehydration of (II) does not yield uniform results : 
after 1 minute’s refluxing, (II) remains unchanged; after prolonged heating (2 hours), 
the amount of a low-boiling by-product increases considerably. To obtain better yields of 
(I), (II) was heated with 50% aqueous oxalic acid (cf. Lévy, loc. cit.); the product, however, 
was a«-dianisyl-6-butanone (III) (cf. Weill, loc. cit.), though the presence of (I) could be 
detected in the mother-liquor. When a mixture of equal amounts of oxalic and acetic 
acids was used, the yield of (III) exceeded 70%. (III) was also obtained by the action of 
ethylmagnesium bromide on aa-dianisylacetonitrile. 


CAr,EtCHO <— OH:-CHArCArEt-OH —» CHAr,°COEt 


‘| ee alls eee oP ar) 


CArEt:CArEt <— CHAr,°CEt,,0H —-> CAr,-CEt, 
(VI.) (IV.) (V.) 
(Ar = p-C,H,-OMe.) 


The difficulty of obtaining (I) and the ready formation of (III) suggested the investi- 
gation : can compounds of the type Ar,;CH-C(OH)Alk, be converted into stilbene deriva- 
tives? §-Hydroxy-a«-dianisyl-$-ethylbutane (IV) was prepared in good yield from (III) 
by the action of ethylmagnesium bromide. Distillation of (IV) in the presence of a trace 
of dilute sulphuric acid yielded an oil which slowly deposited crystals of «a-dianisyl-68- 
diethylethylene (V). The action of dehydrating agents, such as alcoholic hydrogen 
chloride, aqueous alkali, zinc chloride in glacial acetic acid, and phosphorus pentachloride, 
on (IV) gave unsatisfactory results. The action of a boiling mixture of phosphorus 
oxychloride and toluene (1 : 1) on (IV) yielded a mixture which could be separated into 
(V) and 4 : 4’-dimethoxy-aa’-diethylstilbene (VI). The yield of (VI), however, could not 
be raised above 32% of the theoretical: when no toluene was used, the yield diminished 
(charring); when more toluene was used, the yield gradually diminished and increasing 
amounts of (V) were obtained. At higher temperatures charring occutred; at lower 
temperatures, only (V) was obtained. (V) could not be converted into (VI). 

A more convenient method of preparing (IV) is as follows: 4-methoxymandelo- 
nitrile is condensed with anisole to yield «a-dianisylacetonitrile, which is converted into 
aa-dianisylacetic acid, the methyl ester of which gives (IV) in good yield on reaction with 
ethylmagnesium bromide. 

The formation of (VI) from (IV) is an interesting case of molecular rearrangement. 
According to Orékhoff and Tiffeneau (Bull. Soc. chim., 1921, 29, 422) substances of the type. 
OH-CArAlk-CHAr’-OH may be converted into aldehydes, CArAr’Alk-CHO (hydrobenzoin 
rearrangement), or ketones, CHArAr’*COAlk (semipinacolinic rearrangement); in the 
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former case the Ar’ and the tertiary hydroxyl group, in the latter case the Ar and the 
secondary hydroxyl group, exchange places. It is very likely, however, that the hydro- 
benzoin rearrangement is an intermediate stage of the semipinacolinic rearrangement ; 
indeed Weill (loc. cit., p. 1819) found that (I; Ar = Ar’ = anisyl, Alk = ethyl) is readily 
converted into (III). That would mean that in the semipinacolinic rearrangement the Ar’ 
and the Alk group exchange places and the Ar group is not involved in the reaction. The 
reaction (IV) > (VI) would then be an analogous case. By the migration of one Ar group 
CHAr,’CAlk,~OH would be converted into the hypothetical intermediate product 
Ar-CH(OH)-CArAlk,, which would be subject to the so-called retropinacolinic rearrangement, 
that is, the Alk group migrates and CArAlk-CArAlk is formed. 


EXPERIMENTAL. 

«8-Dihydroxy-aB-di-p-anisylbutane (II).—To a Grignard solution prepared from 18 g. of 
magnesium, 77-5 g. of ethyl bromide, and 300 c.c. of anhydrous ether, 40-8 g. of finely powdered 
anisoin were added in small portions. The solution was refluxed for about 4 hours and decomposed 
with ice and dilute hydrochloric acid, the ethereal solution washed with dilute sodium hydroxide 
solution and water, dried, and evaporated, and the residue crystallised from alcohol. Yield, 
33-0 g.; m. p. 114—115° (cf. Weill, loc. cit.). Oxidation of 0-5 g. of (II) with 0-34 g. of chromic 
acid in acetic acid on the water-bath produced 0-35 g. of anisic acid, m. p. (after crystallisation 
from alcohol) 179—181°, not depressed by an authentic specimen (m. p. 183—184°). 

aa-Dianisyl-B-butanone (III).—(A) 50 G. of (II) were refluxed with acetic acid (210 c.c.) and 
oxalic acid (210 g.) for 9 hours. After evaporation of the acetic acid in a vacuum, the residue 
was extracted with benzene, the solution washed with dilute aqueous sodium hydroxide and 
water, dried, and evaporated, and the residue distilled; the fraction, b. p. 210—212°/2 mm., 
was crystallised from alcohol. Yield, 33-3 g.; m. p. 56—58°. 

(B) To a Grignard solution prepared from 21-5 g. of magnesium, 95 g. of ethyl bromide, and 
350 c.c. of anhydrous ether, 10 g. of aa-dianisylacetonitrile were added in small portions with 
vigorous stirring. After 5 hours’ refluxing the product was isolated in the usual way and 
distilled, and the fraction, b. p. 210—215°/2 mm., crystallised twice from alcohol. Yield, 2 g.; 
m. p. 52—55°, not depressed by the dianisylbutanone, prepared under (A). The semicarbazone 
had m. p. 193° after crystallisation from alcohol. 

0-5 G. of (III), oxidised in acetic acid with 0-34 g. of chromic acid at room temperature, gave 
0-4 g. of dianisyl ketone, m. p. 143—144° after one recrystallisation. 

aa-Dianisyl-a-ethylacetaldehyde (1).—After 10 g. of (II) had been refluxed for 2 hours and 
then distilled, 3-67 g. of a fraction, b. p. 190—195°/2 mm., were obtained. This fraction was 
assumed to contain (I) and was worked up as described below. 

50 G. of (II) were refluxed with oxalic acid (210 g.) in 150 c.c. of water for 9 hours; neither 
(II) nor the product dissolved. The mixture was extracted with benzene, the solution washed 
with dilute aqueous sodium hydroxide and water, dried, and evaporated, and the residue 
distilled. The fraction, b. p. 210—212°/2 mm., crystallised from alcohol, yielding 10-95 g. of 
(III), m. p. 56—58°. The mother-liquor was evaporated to dryness, leaving 22-45 g. of an oil 
containing (I) and (III). 

4: 4'-Dimethoxy-aa'-diethylstilbene (V1) from «aa-Dianisyl-a-ethylacetaldehyde (I).—The 
fraction (3-67 g.), b. p. 190—195°/2 mm., obtained from (II) was added to a Grignard solution 
prepared from 1-2 g. of magnesium, 5-1 g. of ethyl bromide, and 20 c.c. of ether, and the solution 
heated for 1 hour and decomposed with ice and dilute hydrochloric acid. The ethereal solution 
was washed, dried, and evaporated, and the residue distilled in a vacuum in the presence of a 
drop of dilute sulphuric acid. The fraction (2-73 g.), b. p. 185—190°/2 mm., was dissolved in 
alcohol (3 ¢.c.) ; the solution deposited 0-05 g. of a crystalline substance, m. p. 117—119°, not 
depressed by a specimen of (VI) prepared according to Robinson ¢é¢ al. (loc. cit.), m. p. 123—124°. 

In a similar experiment 22-45 g. of the oil obtained from (II) by the action of acetic and 
oxalic acids gave 2-41 g., m. p. 123—124°, not depressed by an authentic specimen of (VI). 

1 G. of this product was heated in an iron tube with a solution of potassium hydroxide (4 g.) 
in methyl alcohol (9 c.c.) at 200° for 7 hours. The reaction product was dissolved in water 
and the filtered solution treated with hydrochloric acid. The precipitate (0-86 g.), after one 
crystallisation from benzene, had m. p. 169—170°, not depressed by authentic 4 : 4’-dihydroxy- 
aa’-diethylstilbene. 

aa-Dianisylacetic Acid.—Anisaldehyde cyanohydrin (25 g.), anisole (25 g.), and 73% 
sulphuric acid (90:c.c.) were heated at 80° for a few minutes, the product poured into water, and 
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the dianisylacetonitrile filtered off and washed with much alcohol. Yield, 25 g. ; m. p. 154— 
155°. 25 G. of the nitrile were heated with 100 c.c. of 20% methyl-alcoholic potassium hydroxide 
in an iron tube at 115—120° for 3 hours (at lower temperatures the reaction proceeds very 
slowly ; cf. Bistrzycki et al., Ber., 1911, 44, 2606). The methyl alcohol was distilled off, the 
residue dissolved in water, and the filtered solution treated with hydrochloric acid, giving 
25-5 g. of aa-dianisylacetic acid, m. p. 113—114°. 

The methyl ester was prepared by refluxing 59-5 g. of the acid with 75 c.c. of methyl alcohol 
containing 1 c.c. of concentrated sulphuric acid for 3 hours. It crystallised on cooling, and 
after being washed with methyl alcohol and with water had m. p. 71—72°. The ethyl ester had 
m. p. 68—69°. 

6-Hydroxy-aa-dianisyl-B-ethylbutane (IV).—(A) 58-8 G. of (III) were added in small portions 
to a Grignard solution prepared from 15-5 g. of magnesium, 70 g. of ethyl bromide, and 250 c.c. 
of ether, and the mixture refluxed for 2 hours and then decomposed with ice and dilute hydro- 
chloric acid. The ethereal solution was washed, dried, and evaporated. The residue (61-2 g.), 
crystallised from ethyl alcohol (65 c.c.), gave 50-7 g. of (IV), m. p. 83—84°, A sample crystallised 
twice from ethyl alcohol melted at 87—88°. 

(B) Methyl dianisylacetate (50 g.) was treated in exactly the same way. The residue 
(51-5 g.) obtained from the ethereal solution was crystallised from ethyl alcohol (55 c.c.), giving 
35:5 g., m.p. 83—84°, not depressed by (IV) prepared under (A). 

Oxidation of (IVY (0-5 g.) with chromic acid (0-34 g.) in acetic acid on the water-bath gave 
dianisyl ketone (0-4 g.), m. p. 142—144° after crystallisation from alcohol. 

Dehydration of (IV). (i) 2 G. were distilled in the presence of a drop of dilute sulphuric acid. 
The main fraction, b. p. 210°/3 mm., was dissolved in alcohol; after a few days a small amount 
of a crystalline substance, m. p. 86—88°, separated. 

(ii) 2 G. were heated in a sealed tube with 10 c.c. of alcoholic hydrogen chloride for 1 hour. 
The product was poured into water and the precipitate filtered off and recrystallised from 
alcohol. Yield, 1-25 g.; m. p. 90—92°, depressed by (IV) but not by the substance, m. p. 86— 
88°, obtained under (i). 

0-5 G. of this substance, oxidised with 0-34 g. of chromic acid in acetic acid on the water- 
bath, gave 0-4 g. of dianisylketone, proving that no molecular rearrangement had taken place. 
The substance is obviously aa-dianisyl-88-diethylethylene (V). 4: 4’-Dimethoxy-aa«’-diethyl- 
stilbene (VI) yielded under identical conditions only anisic acid, m. p. 184°. 

4 : 4'-Dimethoxy-aa'-diethylstilbene (VI).—2 G. of (IV) were dissolved in 6 c.c. of toluene, 
and the solution gradually added to a boiling mixture of 6 c.c. of toluene and 12 c.c. of 
phosphorus oxychloride. When the reaction was completed, the solution was decomposed 
with ice-water, washed with dilute aqueous sodium hydroxide and water, dried, and 
evaporated. The residue was dissolved in 2 c.c. of methyl alcohol ; on cooling, a crystalline 
substance (0-69 g., m. p. 108—115°) was deposited, which was quickly filtered off; the mother- 
liquor soon deposited a second crop of crystals, which were found to be (V), m. p. 88—90°. The 
first crop, recrystallised from alcohol, gave 4: 4’-dimethoxy-a«’-diethylstilbene (0-6 g.), m. p. 
123—125°, not depressed by an authentic specimen. 
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158. The Fries Rearrangement of Phenyl Laurate and Phenyl 
Stearate, 


By Haro_p EpwIN BELL and JonN EpMuND Driver, 


The preparation of o- and p-hydroxyphenyl undecyl and heptadecyl ketones and their 
derivatives is described. The p-compounds have been correlated with previously 


known alkyl phenols and related compounds for which a p-orientation had formerly been 
assumed. 


By the action of aluminium chloride on phenyl laurate and phenyl stearate, the corre- 
sponding o- and p-hydroxyphenyl alkyl ketones are formed by isomeric change. In each 
case the o-isomeride was isolated, in relatively small yield, from lower-boiling fractions. 
The orientation of these compounds is beyond any reasonable doubt, and is based on the 
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evidence of the greater volatility and lower melting point of the o-compounds, and the fact 
that the o-compounds, but not the #-, give red-violet colorations with ferric chloride in 
alcoholic solution (compare Coulthard, Marshall, and Pyman, J., 1930, 280). 

Reduction of the #-ketones by the Clemmensen method gave the previously known 
dodecyl- and octadecyl-phenols, and this is in agreement with the orientation assumed for 
these compounds by Adam, Berry, and Turner (Proc. Roy. Soc., 1928, A, 117, 532), and 
Adam (ibid., 1923, A, 103, 676). Other methods of preparation of the phenols (summarised 
below) have clearly given no direct evidence of orientation (although analogous compounds 
were oriented by Krafft) and the assumption has been made that the product isolated from 
the condensation of R-COC] with phenolic ethers is the p-ketone. Similarly, the formation 
of the known aminododecylbenzene (see below) by rearrangement of dodecylaniline has 
been taken as evidence of a f-orientation, by analogy with other cases (Hickinbottom, J., 
1937, 1119). 

2Na 


C,H ,"C,H,OH. 


Adam: C,,H;,‘COCI + C,H,—— =e Grae CO: ae Cy7Hyg'CHC He 


C,,Ho5'CH,"C,H,-OMe. 


F.P. 790,447: C,gH,,(or C,sH37)*OH-+C,H,-OH > C,,H»,(or C,gH,,)*CgH,-OH.* 
E.P. 443,776: Cy,Ho,*CgHyNH,—> [C,gHo5"C,H4*No]pSO, —> C,gH.,°C,H,-OH. 


Present authors: C,,H,,(or C,,Hs,)*CO,C, H,“~“5¢,,H 2a(0r Cull 35)"CO-C,H,-OH 
(o- and p-). The p-compounds—> C,,H,,(or C,,Hg,)*CH,°C, H,-0 


It is claimed in D.R.P. 637,808 that good yields of p-hydroxyphenyl ketones can be 
obtained by the action of boron trifluoride on phenyl esters of acids containing more than 
ten carbon atoms. The specific claim is made that p-hydroxyphenyl undecyl and hepta- 
decyl ketones can be made in this way. No description of these compounds is, however, 
given in the patent specification, and none has been published. 


EXPERIMENTAL. 


Phenyl laurate and phenyl stearate were prepared from the acid chlorides made from the 
purified acids (by thionyl chloride), and were purified by fractional distillation under reduced 
pressure. 

p-Hydroxyphenyl Undecyl Ketone——Phenyl laurate (100 g.) was heated at 150° for 1 hour 
with 50 g. of aluminium chloride (added gradually). The product was mixed with water, 
separated by extraction with ether, and distilled under reduced pressure, fractions being 
collected below 230° and at 230—280°. The higher-boiling fraction was crystallised several times 
from light petroleum (b. p. 60—80°), fractionated under reduced pressure, and recrystallised from 
benzene. The ketone separated in colourless plates, soluble in ethyl alcohol, acetone, benzene 
and chloroform, sparingly soluble in cold light petroleum; b. p. 277°/15 mm., m. p. 70-5—71-0°f 
(Found: C, 78-0; H, 10-4. C,,H,,O, requires C, 78-2; H, 10-2%). 

The benzoate, prepared by the Schotten—Baumann method, was sparingly soluble in alcohol, 
freely in warm benzene, from which it separated in prisms, m. p. 109-0O—109-8° (Found: C, 
79:3; H, 8-6. C,,H,,0, requires C, 78-9; H, 8-5%). The semicarbazone separated from alcohol 
in colourless plates, m. p. 143-0—143-6° (Found: C, 68-4; H, 9-4; N, 12-5. C,H;,0,N, 
requires C, 68-4; H, 9-4; N, 126%). The 2: 4-dinitvophenylhydvazone separated from alcohol 
in deep red needles, m. p. 151-0—151-2° (Found: C, 63-3; H, 7-5; N, 12:3. C,,H;,0,;N, 
requires C, 63-1; H, 7-1; N, 12-3%). 


* B. p. 210—230°/13 mm. and 235—270°/14 mm. respectively, and, therefore, presumably mixtures. 

+t Melting points were determined by the capillary tube method in a mechanically stirred bath, with 
a temperature rise of 2° per minute, thermometers graduated for fixed immersion being used. The 
lower temperature recorded marks the first indication of softening, and the higher, the formation of 
a meniscus, 
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Reduction to p-dodecylphenol. The ketone was reduced in aqueous-alcoholic solution with 
hydrochloric acid and amalgamated zinc, to give, after purification of the product by recrystal- 
lisation from light petroleum (b. p. 60—80°) and subsequently from benzene, crystals, m. p. 
65:-5—66-0°, which did not depress the m. p. of a specimen of dodecylphenol, m. p. 65-6—66-4°, 
prepared by another method (Adam, Berry, and Turner, Joc. cit., give p-dodecylphenol, m. p. 
64-5—65-5°). 

o-Hydroxyphenyl Undecyl Ketone.—The low-boiling fraction from the preparation of the 
p-ketone was redistilled ina high vacuum. The fraction, b. p. 180—204°/1-6 mm., was washed 
~ recrystallised several times from alcohol. The ketone then formed colourless prisms, 

m. p. 43-8—44-6°, freely soluble in light petroleum (b. p. 60—80°) (Found: C, 78-0; H, 10-1. 
CigHas0r requires C, 78-2; H, 10-2%). 

The 2: 4-dinitrophenylhydrazone separated from alcohol in deep orange needles, m. p. 
89-0—89-2° (Found: C, 63-4; H, 7:3; N, 12-2. C,,H,,0,N, requires C, 63-1; H, 7-1; N, 
12-3%). 

p-Hydroxyphenyl Heptadecyl Ketone.—This was prepared in a manner similar to the undecyl 
compound. Fractions were collected below 280° and at 280—320°/15 mm. The higher-boiling 
fraction was crystallised from benzene, again fractionally distilled under reduced pressure, and 
recrystallised. The ketone formed colourless plates, b. p. 320°/15 mm., m. p. 90-0—90-5° 
(Found: C, 80-0; H, 11-3. C,,H,,O, requires C, 79-9; H, 11-2%). 

The benzoate was sparingly soluble in alcohol, freely in warm benzene, from which it separated 
in prisms, m. p. 113-2—113-6° (Found: C, 79-8; H, 9-5. C,,H,,O, requires C, 80-1; H, 9-5%). 
The semicarbazone, prepared with some difficulty, separated from alcohol in plates, m. p. 133-4— 
134-7° (Found: C, 71-9; H, 10-5; N, 10-0. C,,H,,O,N, requires C, 71-9; H, 10-4; N, 10-1%). 
The 2 : 4-dinitrophenylhydrazone separated from alcohol, in which it was very sparingly soluble, 
in crimson needles, m. p. 142-0—142-2° (Found: C, 66-9; H, 85; N, 10-6. C,,H.O,N, 
requires C, 66-6; H, 8-2; N, 10-4%). 

Reduction to p-octadecylphenol. Reduction of p-hydroxyphenyl heptadecyl ketone in aqueous 
alcoholic solution with hydrochloric acid and amalgamated zinc, and purification of the product 
by repeated recrystallisation from benzene, gave crystals, m. p. 83-0—84-0° (Found: C, 83-5; 
H, 11-8. Calc. for C,H,,O: C, 83-2; H, 12-2%). Krafit (Ber., 1886, 19, 2982) gives m. p. 
84°. Adam (loc. cit.) gives m. p. 83-5—84°. 

o-Hydroxyphenyl Heptadecyl Ketone.—The low-boiling fraction from the preparation of the 
p-compound contained some stearic acid and phenol. It was distilled in a high vacuum, and 
the fraction collected at 190—220°/1-7 mm. was recrystallised successively and repeatedly from 
alcohol, light petroleum (b. p. 60—80°), benzene, and alcohol again. The ketone so obtained 
formed colourless needles, m. p. 66-0—67-0° (Found: C, 80-2; H, 11-2. C,,H,,O, requires 
C, 79-9; H, 11-2%). 

The 2 : 4-dinitrophenylhydvazone separated from alcohol in orange needles, m. p. 97-4—97-8° 
(Found: C, 66-1; H, 83; N, 10-2. C,,H,,O,N, requires C, 66-6; H, 8-2; N, 10-4%). 


Our thanks are due to Dr. J. Marshall for his help and advice on several points, 
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159. Sodium Polyiodides. 
By G. H. CHEEsMAN, D. R. Duncan, and I. W. H. Harris. 


A phase-rule study of the system NalI-I,-H,O at 0° reveals the compounds 
NalI,,2H,O and (possibly) NaI,,3H,O stable at that temperature. The latter belongs 
to a series of polyhalides containing fewer halogen atoms than. any hitherto described. 


GRACE (J., 1931, 594) investigated the system potassium iodide-iodine-water at 25°, 
and found no evidence for the existence of anhydrous polyiodides of potassium; the 
compounds KI,,H,O and KI,,H,O, however, were formed at this temperature, and this 
conclusion has been confirmed by Briggs, Clack, Ballard, and Sassaman (J. Physical Chem., 

1940, 44, 350), who also examined the system at other temperatures. At the same time 


. Grace made a preliminary examination (unpublished) of the system sodium iodide—iodine— 
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water and found that, though it was doubtful whether any solid sodium polyiodides were 
formed at 25°, there was definite evidence for such compounds at lower temperatures. In 
continuation of this work, we have investigated the system in more detail at 0°, and find 
that two hydrated polyiodides are formed, one of which is a tetraiodide, NaI,,2H,O, and 
the other is probably a di-iodide, NaI,,3H,O. The composition of the former compound 
has been satisfactorily established, but further experiments to confirm that of the di-iodide 
have had to be left unfinished; the results hitherto obtained are therefore reported. 


EXPERIMENTAL, 


In all cases mixtures of anhydrous A.R. sodium iodide, A.R. iodine, and water were made up 
by weighing, either into well-stoppered bottles or, in the later experiments, into tubes which 
could be sealed. The mixtures were warmed to effect complete solution, then cooled with 
vigorous shaking and placed in a large Dewar vessel containing ice and water and kept in an 
ice-box. Several months were allowed to elapse for the attainment of equilibrium. 

Samples of liquid and of wet solid were removed and analysed by Grace’s method (loc. cit.) ; 
the results are given in the table, and are represented graphically in the diagram, which has 


The system NaI-I,-H,O at 0°. 
Composition of liquid Composition of wet 
phase, %. solid, %. Nature of solid — 
. ~ (as deduced from 
H,0O. H,0. diagram). 
38-6 -- 
27-4 24-6 } Nal,2H,0 


33.3 }Invariant A 30.1 }Nal,2H,O and Nal,,3H,0 
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been drawn on a weight-percentage basis. It is clear that there are two polyiodides and that 
one of these is Nal,,2H,O. The formula Nal,,3H,O for the other polyiodide is based on the 
fact that the tie lines from its solubility arc (Nos. 5 and 6) both pass very close to the point 
representing this composition, whilst the direction of the tie line from No. 4, which is on the 
invariant A, precludes the possibility that the compound is a still lower polyiodide, and the 
suggestion that it might be a tri-iodide is inconsistent with the observations. It is, moreover, 


found that a mixture of the composition NaI,,3H,O solidifies on cooling and contains little or no 
liquid phase at 0°. 
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DISCUSSION OF RESULTs. 


The fact that hydrated polyiodides of sodium exist although, according to Abegg and 
Hamburger (Z. anorg. Chem., 1906, 50, 403), no compounds are formed in the anhydrous 
system, is in conformity with the known facts in the case of potassium, but the formule 
of the compounds formed are remarkable in that the number of iodine atoms combined 
with each alkali-metal atom is even, whereas in the potassium system it is odd. The 
latter represents the normal case, for, in the comprehensive series of polyhalides prepared 
by Cremer and Duncan (J., 1931, 1857; 1933, 181), no compounds containing an even 
number were encountered and it is commonly assumed that the number of halogen atoms is 
necessarily odd, 

A few even polyhalides have, however, been described. Briggs, Greenwald, and 
Leonard (J. Physical Chem., 1930, 34, 1951, 2260) demonstrated the existence of CsI, in 
addition to CsI,, a result which has been confirmed by Grace (ibid., 1933, 37, 347), and 
Harris (J., 1932, 1694) isolated the even polyhalide 2KBr,,3H,O from solution at 0°. 
Further, Rae (J., 1931, 1578) has reported the existence of CsBr, as well as CsBrg, and, 
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although Cremer and Duncan (J., 1931, 1865; 1933, 184) and Harris (J., 1932, 2709) 
found only CsBr;, this discrepancy may be due to: Raé’s use.6f 4 higher tenyperature, 
Recent work by Briggs and his co-workers (J. Physical Chem., 1940, 44, 325, 350) indicates 
that an elevation of temperature may sometimes favour the formation of higher polyhalides. 


No di-iodides or other dihalides of univalent metals, however, appear to have been described 
before. 
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The system NaI-I,-H,O at 0°. 
(Plotted on a weight-percentage basis.) 


It is possible that these even polyhalides have not the simple structures which they 
appear to have, but are molecular compounds of halides with an odd number of halogen 
atoms; ¢.g., Nal,,3H,O may be NaI,Nal,,6H,O, and Nal,,2H,O may be Nal,,Nal,,4H,O, 
The second method of formulation would be in better accord with the physicochemical 
work on solutions of iodine in aqueous alkali-metal monoiodides, which leads to the belief 
that there is an equilibrium I’ + I, = I,’, I,’ being the preponderating polyiodide ion, 
with higher polyiodide ions formed in appreciable concentrations when the proportion of 
iodine is high. An X-ray examination of the crystal structure of the solid polyiodides, 
although presenting certain practical difficulties, would probably settle this point. 


One of us (D. R. D.) thanks the Chemical Society for a grant, 
Acton TECHNICAL CoLLEGE, Lonpon, W. 3. 
50, BucKLEIGH AVENUE (PRIVATE LABORATORY), LONDON, a 20. (Received, May 3rd, 1940.) 
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Bs aah 6 Adion of. eee Reagents on Methyl r-Tropate and on 
¢ - Methyl Atropate. 


By ALEx. McKENZIE and EDWIN RoBERTS WINTON. 


The action of phenylmagnesium bromide on methyl r-tropate took an unexpected 
course, since the product was r-benzyldeoxybenzoin. The analogue of the latter 
compound, namely, d/-3-phenylpentan-2-one, was formed when methyl r-tropate was 
acted on by methylmagnesium iodide, but r-wy-dihydroxy-B-phenyl-yy-dimethylpropane 
was also formed. The mechanism of the production of the two ketones is discussed. 

The action of phenylmagnesium bromide on methyl atropate gave r-benzyldeoxy- 
benzoin, and the action of methylmagnesium iodide on the same ester gave dl-3-phenyl- 
pentan-2-one. 


THE original object of this research was to make a configurational study on the following 
lines, the compounds in each case being optically active : 
¢0,H 
NH,;—C—H (—)Serine 
CH,°OH 


¢0,H 
HO-H,C—C—H (+)Tropic acid ¢O,Me 
Ph NH,—(—H 
CH,°OH 


PhMgBr 


h H 
Ph—(——CCH,0H_ (IL) 


OH NH, 


O,Me 
HO-H,C—C—H 
Ph 


| pases 
CPh,° OH p or ‘ae 
| a Ph:CO> cH< Ch. OH al) 


(I.) | ameae 
CPh,OH 
I) or H—C—CH,0H iv.) 
Ph 


A configurational change might possibly occur during the semipinacolinic deamination of 
(II). By analogy with the formation of (+)methyldeoxybenzoin from (+-)alanine and of 
(+-)benzyldeoxybenzoin from (—)phenylalanine (McKenzie, Roger, and Wills, J., 1926, 
779), where the possibility of a Walden inversion was suggested (compare Bernstein and 
Whitmore, J. Amer. Chem. Soc., 1939, 61, 1324), (III) would presumably be either dextro- 
rotatory or levorotatory, and by the action of phenylmagnesium bromide would thus give 
either (I) or (IV). 

Now, assuming on the evidence available in the literature that (+)tropic acid has 
the same configuration as (—)serine, the sign of rotation of the glycol derived from (III) 
would indicate whether or not a Walden inversion had occurred during the semipinacolinic 
deamination in question. 

As a preliminary step to this enquiry we examined the action of phenylmagnesium 
bromide:-on methyl r-tropate, and were surprised to find that the product was not r-ay- 
dihydroxy-fyy-triphenylpropane [the optically inactive isomeride of (I)]. The crystalline 
compound obtained melted at 120—121°, and its analysis agreed with the formula C,,H,,0, 
and not with C,,H,0,. It gave a 2: 4-dinitrophenylhydrazone, and formed r-$-hydroxy- 
a8-triphenyl-a-benzylethane on treatment with phenylmagnesium bromide. It was identi- 
fied as r-benzyldeoxybenzoin (V). Several preparations were carried out in which the 
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additive complex from the Grignard reaction was decomposed by ice and dilute sulphuric 
acid. But the result cannot be ascribed to the dehydrating effect of the latter acid on 
the glycol itself, since r-benzyldeoxybenzoin was also formed when a mixture of ammonium 
chloride and ammonia was used to decompose the complex. 

The simplest mechanism to account for the formation of r-benzyldeoxybenzoin (V) 
involves the intramolecular migration of a phenyl group on the lines : 





OH: He><Co, Me —> 7 







It will be noticed that the central carbon atom * possesses a dissymmetrical environment. 
The validity or otherwise of the above formulation was accordingly tested by acting on 
methyl (—)tropate with phenylmagnesium bromide. This action gave benzyldeoxy- 
benzoin, which was, however, optically inactive. If the above scheme were correct, an 
optically active ketone would have been expected as the product. Besides, the scheme is 


not in harmony with the strong saturation capacity of the phenyl group, and we regard it 
as untenable. 


The following representation is suggested : 





Scheme II. 
| 
i Ph Ph 
OH-H Le>C<£0, Me — H Looe CO,Me (vI.) —> H,C=—C—C—Ph vit.) 
‘ OMgBr 
Ph Ph wie, Bh Ph 





—> H,C—(C=C—Ph HC——=—Ph —> pa Phx CO-Ph 
OMgBr t O'Hi 


Here again, a phenyl group is depicted as migrating. Support was given to this scheme 
when the action of phenylmagnesium bromide on methyl atropate (VI) was also found 
to give (V) as the product. The conversion of methyl r-tropate into (VI) is likely enough, 
since numerous cases are known from the literature where a Grignard reagent acts as a 
dehydrating agent. It should be borne in mind, however, that r-tropic acid is not itself, 
as we find, appreciably dehydrated to atgopic acid by phenylmagnesium bromide at the 
ordinary temperature. Even, however, if the assumption is made that the ester itself 
does not undergo dehydration, the same unstable complex (VII) as is depicted above might 


be formed by the elimination of magnesium hydroxybromide from the additive complex 
as follows : 


(V.) 





\ h Ph Ph 
cael —Ph —> H,C=C¢ rn (VII.) 
OH: H.C >C<fo, Me ; 


(OMgBr Hi OMgBr OMgBr 


Preliminary experiments on the action of methylmagnesium iodide on methyl r-tropate 


gave r-ay-dihydroxy-b-phenyl-yy-dimethylpropane, the action in this case taking the normal 
course : 


Me 
H a ee ot (VIII) 
OH: HC><C0,Me — f 


OH Ph OH 


On dehydration of this glycol, however, with dilute sulphuric acid, the resulting oil did 
There was thus no 


not form either a semicarbazone or a 2 : 4-dinitrophenylhydrazone. 
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evidence of the formation of d/-3-phenylpentan-2-one (IX), the analogue of benzyldeoxy.- 
benzoin. 

An interesting point emerged when the action of methylmagnesium iodide on methyl 
r-tropate was examined further. In an endeavour to improve the yield of the glycol, the 
semi-solid mass obtained from the ethereal solution after decomposition of the additive 
complex was distilled under a high vacuum. The first fraction was a mobile oil with a 
characteristic odour of geraniums. This oil was proved to contain (IX), and it formed a 
semicarbazone (m. p. 195—196°) which was synthesised from r-mandelic acid on the following 
lines : 

Ph-CH(OH)-CO,H —> Ph: ee —> Ph-CH(OH)-CO-NH, i 
—»> Ph-CH(OH)-COEt —> > Et (e-form) —> [1 edt] 


On oH} 


: PhscH. CO-Me (IX.) —> semicarbazone (m. p. 195—196°). 


(IX) was formed by the semipinacolinic dehydration of the @-form of the glycol, the ethyl 
group migrating in preference to the methyl (compare Tiffeneau, Lévy, and Jullien, Bull. 
Soc. chim., 1931, 49, 1788). 

The only other possible products of the dehydration are d/-phenylmethylethylacetalde- 
hyde (X) and dl-2-phenylpentan-3-one (XI) : 


&) Me SC-CHO PDSCH-CO-Et (XI) 
It is highly improbable that (X) could be formed, since the dehydration was carried out 
by concentrated sulphuric acid. Also, the semicarbazones of (X) and (XI) melt at 152° 
and 136° respectively (Lévy and Tabart, Bull. Soc. chim., 1931, 49, 1785), values which 
are divergent from that of the semicarbazone of (IX). 

Thus, the action of methylmagnesium iodide on methyl r-tropate proceeds in the two 


directions : = 
(IX 
OH-CH H>C<CO,Me —1_ vin 


The formation of (IX) cannot be attributed to the decomposition of (VIII) by heat, since 
the latter can be distilled without even a trace of (IX) being detected by its characteristic 
odour. 
On boiling an ethereal sobiatiin of the glycol (VIII) with the Grignard reagent from 
methyl iodide for 30 minutes, the presence of ay was detected by the isolation of the 
Ph Me 
semicarbazone. It is thus probable that the complex H,¢ C—Me had been 


OMgBr 





Ph ue 
formed to give H,c=¢—cLt 
NoMgBr 


support of this view, the action - methylmagnesium iodide on methyl atropate led to 
the formation of dl-3-phenylpentan-2-one, which was identified by its semicarbazone : 


Ph Ph 
H,c>OCOMe (VI.) —> Ft>CH’CO-Me (1X.) 


, a structure which is comparable with (VII). In 


The formation of (IX) from (VI) is regarded as taking a similar course to the formation of 
(V) from (VI) which is depicted in Scheme II. 


EXPERIMENTAL. 


Ethyl formylphenylacetate was slowly reduced in ethereal solution by aluminium amalgam 
(McKenzie and Wood, J., 1919, 115, 828; von Braun, Ber., 1920, 58, 1409), and the product 
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was then saponified by n-sodium hydroxide at the ordinary temperature. The yields of 
y-tropic acid, m. p. 117-5—118-5°, were better than those recorded formerly, and amounted 
to 50% to 56%, calculated from the ethyl formylphenylacetate used. The acid was then 
converted into its methyl ester, m. p. 36—37-5°. 

Action of Phenylmagnesium Bromide on Methyl r-Tropate.—An ethereal solution of the ester 
(7-5 g.) was gradually added to the Grignard reagent prepared from bromobenzene (40 g.). 
After boiling for 10 hours, decomposition was effected by ice, ammonium chloride and ammonia. 
The ether was expelled from the ethereal layer, and the diphenyl removed by distillation in 
steam. The resulting solid (5 g.) was nearly pure, and was crystallised from ethyl alcohol, 
y-benzyldeoxybenzoin separating in glassy needles (Found : C, 88-6; H, 6-0. Calc. for C,,H,,0: 
C, 88:1; H, 63%). It had m. p. 120—121°, alone or mixed with a specimen prepared by the 
action of benzyl bromide on deoxybenzoin (compare Meyer and Oelkers, Ber., 1888, 21, 1300). 
Its 2: 4-dinitrophenylhydrazone crystallised from ethyl alcohol in orange-coloured prisms, m. p. 
163—164° (Found: C, 69-9; H, 4-6. C,,H,,0,N, requires C, 69-5; H, 4:8%). The same 
compound was also obtained from r-benzyldeoxybenzoin prepared from deoxybenzoin, and 
there was no depression of m. p. when both samples were mixed. 

Action of Phenylmagnesium Bromide on r-Benzyldeoxybenzoin.—An ethereal solution of 
y-benzyldeoxybenzoin (5 g.), obtained from methyl r-tropate, was added gradually to the 
Grignard reagent prepared from bromobenzene (11-5 g.). Boiling, 11 hours; decomposition 
with ice and dilute sulphuric acid. After removal of the diphenyl, the product was crystallised 
from ethyl alcohol. Yield, 4 g. 

r1-8-Hydroxy-aBB-iriphenyl-a-benzylethane formed transparent needles, m. p. 146—147° 
(Found: C, 88-7; H, 6-8. (C,,H,,O requires C, 89-0; H, 66%). 

By the action of light on a mixture of benzophenone and dibenzyl, Sernagiotto (Gazzetta, 
1920, 50, 226) obtained a compound, m. p. 165°, which was provisionally designated as triphenyl- 
benzylethanol. 

Action of Phenylmagnesium Bromide on Methyl (—)Tropate.—The methyl (—)tropate used 
had n}** 1-5219, b. p. 157—159°/16 mm., and [a«]}%;, —54-1° (c = 6-578) inacetone. It was not, 
however, optically pure, since methyl (+-)iropate, prepared in this laboratory by Dr. Alex. 
Ritchie from optically pure (+)tropic acid (McKenzie and Wood, loc. cit.), has nf" 1-5203, b. p. 
162—163°/20 mm., and [a]}” + 69-9°, [a]?%, + 83-3° (c = 4-947) in acetone (Found: C, 66-3; 
H, 7-1. Cy9H,,0, requires C, 66-6; H, 6-7%). 

An ethereal solution of the ester (4 g.), b. p. 157—-159°/16 mm., was added gradually to the 
Grignard reagent prepared from bromobenzene (40 g.). Boiling, 12 hours; treatment as 
usual. The dried ethereal layer, which was optically inactive, gave a semi-solid mass, which 
was crystallised from ethyl alcohol, and gave needles (2-5 g.) exhibiting no optical activity when 
examined in acetone for A 5461. The product was r-benzyldeoxybenzoin, m. p. 120—121° 
alone or mixed with an authentic sample. 

Action of Methylmagnesium Iodide on Methyl r-Tropate—An ethereal solution of the 
ester (8-7 g.) was gradually added to the Grignard reagent prepared from methyl iodide 
(34-5 g.). Boiling, 12 hours; treatment as usual. The semi-solid oil (4-5 g.) obtained was 
crystallised once from chloroform, and then thrice from light petroleum (b. p. 80—100°). 
Yield, 2-5 g. 

Several other experiments under varying conditions failed to give an increased yield. 

t-xy-Dihydroxy-B-phenyl-yy-dimethylpropane formed hard prisms, m. p. 80—81° (Found: 
C, 73-5; H, 9-3. C,,H,,O, requires C, 73-3; H, 9-0%). 

The glycol (2 g.) was boiled with dilute sulphuric acid for 6 hours. On cooling, the mixture 
was poured into ice-cold water and extracted with ether. The resulting oil (1-25 g.) gave neither 
a semicarbazone nor a 2 : 4-dinitrophenylhydrazone. 

A by-product from the action of methylmagnesium iodide on methyl r-tropate was obtained 
as follows: Ester (11 g.); Grignard reagent from methyl iodide (100 g.); heating, 24 hours; 
treatment as usual. The resulting golden-coloured oil (14 g.) was distilled under a high vacuum. 
The fraction (A), b. p. 90—120°, was a mobile oil (3-3 g.) with a characteristic odour of geran- 
iums. The fraction (B), b. p. 120—150°, was very viscous, and solidified gradually to give r-xy- 
dihydroxy-$-phenyl-yy-dimethylpropane after one crystallisation from chloroform-light 
petroleum. On treatment with semicarbazide hydrochloride, (A) gave r-3-phenylpentan-2-one 
semicarbazone crystallising from methyl alcohol in transparent leaflets, m. p. 195—196° (Found : 
C, 65-8; H, 7-3. Calc. for C,,H,,ON,: C, 65-8; H, 7-8%). Tiffeneau and Lévy (Bull. Soc. 
chim., 1923, 38, 759) give m. p. 189°. 

No trace of the ketone was detected when 4 g. of r-wy-dihydroxy-f-phenyl-yy-dimethy]l- 
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propane were distilled under high vacuum. The distillate (3-8 g.) consisted of the unchanged 
glycol alone, and no odour of geraniums was perceptible. 

The above semicarbazone was synthesised as follows: dl-Phenylpropionylcarbinol (13 g.) 
was gradually added to the Grignard reagent prepared from methyl iodide (32 g.). Heating, 
12 hours; treatment as usual. When the resulting solid (12 g.) was crystallised from light 
petroleum (b. p. 80—100°), v-«$-dihydroxy-a-phenyl-f-methylbutane (@-form) separated in 
needles, m. p. 71—72°, whereas Tiffeneau and Lévy (Compt. rend., 1924, 178, 1724) give m. p. 
73°. The latter glycol (2 g.) was triturated with concentrated sulphuric acid (10 c.c.) at the 
ordinary temperature. After 2 hours, the mixture was poured into ice-cold water, and extracted 
with ether. The resulting yellowish oil, which had the odour of geraniums, was converted into 
the semicarbazone, m. p. 195—196°, alone or mixed with the semicarbazone from dl-3-pheny]l- 
pentan-2-one obtained from methyl r-tropate. 

Action of Methylmagnesium Iodide on r1-wy-Dihydroxy-B-phenyl-yy-dimethylpropane.—An 
ethereal solution of the glycol (1-5 g.) was added gradually to the Grignard reagent prepared 
from methyl iodide (6 g.). After boiling for 4 hour, the complex was decomposed with ice and 
dilute sulphuric acid, and kept over-night before the layers were separated. The ether was 
expelled from the ethereal solution, and the resulting oil was distilled under a high vacuum. 
The second fraction (1 g.), which was viscous, solidified on cooling, and after one crystallisation 
from chloroform-light petroleum gave the original glycol. The first fraction, which was mobile, 
had a characteristic odour of geraniums and on treatment with semicarbazide hydrochloride 
gave the semicarbazone (m. p. 195—196°) of dl-3-phenylpentan-2-one. 

Action of Phenylmagnesium Bromide on Methyl Atropate.—Atropic acid, prepared from r-atro- 
lactinic acid according to McKenzie and Wood (loc. cit.), was converted into its methyl ester, 
b. p. 106—109°/12 mm. (Found: C, 74:3; H, 6-3. Calc. for C,9H,,O,: C, 74:1; H, 6-2%). 
Baker and Eccles (J., 1927, 2129) give b. p. 95—98°/6 mm. 

An ethereal solution of methyl atropate (5 g.) was added gradually to the Grignard reagent 
prepared from bromobenzene (20 g.). Heating, 11 hours; treatment as usual. When the 
resulting viscous solid was crystallised from ethyl alcohol, glassy needles of r-benzyldeoxybenzoin 
(3-6 g.) separated. The m. p. was 119—120°, alone or mixed with an authentic sample. 

Action of Methylmagnesium Iodide on Methyl Atropate.——An ethereal solution of the ester 
(4 g.) was added gradually to the Grignard reagent prepared from methyl iodide (14 g.). Heat- 
ing, 8 hours; treatment as usual. The resulting yellow oil was distilled. The fraction (1-8 g.) 
boiling up to 110°/12 mm. had the odour of geraniums, and gave a semicarbazone which crystal- 
lised from methyl alcohol in transparent leaflets, m. p. 195—196°, alone or mixed with the 
semicarbazone of dl-3-phenylpentan-2-one already described. 

Action of Phenylmagnesium Bromide on r-Tropic Acid.—r-Tropic acid (3-5 g.) was added 
gradually to the Grignard reagent prepared from bromobenzene (13 g.). Two days at the 
ordinary temperature; decomposition with ice and dilute sulphuric acid. After 3 days at the 
ordinary temperature, the ethereal layer was separated and dried. The oil obtained was 
triturated with light petroleum. When the resulting solid was crystallised from benzene, 
y-tropic acid (2-3 g.), m. p. 117—118°, was recovered. 


One of us (E. R. W.) thanks the Edinburgh Angus Club for the award of a Strathmore—Cobb 
Scholarship, and also the Carnegie Trust for the Universities of Scotland for the award of a 
Scholarship. 
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161. Ulira-violet Absorption Spectra of Nitrogenous Heterocyclic Com- 
pounds. Part I. Effect of py and Irradiation on the Spectrum of 
Adenine. 


By Joun R. LoorBourow and Miriam M. Stimson. 


Examination of the ultra-violet absorption spectrum of adenine over a wide range 
of pg showed, contrary to previous reports in the literature, that the spectrum of this 
compound in aqueous solution is appreciably influenced by pg. The possible relation- 
ship of tautomerism to this effect is considered. Ultra-violet irradiation of adenine 
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resulted in little change of absorption as compared with that observed in other purines 
and pyrimidines. 


In this series it is proposed to consider the relationship between tautomerism and the 
effect of pq on the ultra-violet absorption spectra of purines and pyrimidines, and the 
lability of these compounds to ultra-violet irradiation. The reasons for undertaking these 
investigations were twofold : (1) further data regarding the ultra-violet absorption spectra 
of such compounds were required for use in identifying certain cellular products affecting 
cellular metabolism (Loofbourow, Dwyer, and Lane, Biochem. J., 1940, in the press, etc.), 
and (2) data regarding the changes in absorption accompanying tautomeric rearrangements 
were needed for developing quantitative relationships between ultra-violet absorption and 
chemical constitution in accordance with considerations to be presented in a subsequent 
aper. 
, The spectrum of adenine was reported by Holiday (ibid., 1930, 24, 619) to be unaffected 
in extinction and but slightly affected in wave-length by change in py, whereas his data for 
guanine showed that , markedly influenced its spectrum. Heyroth and Loofbourow 
(J. Amer. Chem. Soc., 1934, 56, 1728) confirmed Holiday’s results for guanine and found 
that the absorption of uracil (ibid., 1931, 58, 3441) was also markedly influenced by 
pu. They attributed the effect in uracil to tautomerism of the amide-imidol type 
(H—N—C=0 2 N=C—O—H), and since guanine can undergo this type of tautomerism 
but adenine cannot (lacking, as it does, C—O groups), they suggested that this might 
account for the lack of pq effect reported by Holiday for adenine. On undertaking the 
present investigation, however, we noted that adenine can undergo tautomerism of the 
amidine type (N=C—NH, = HN—C=NH) as shown in (I)—(VI), and that of these 
changes (I) = (II) might be expected to be influenced by fy and to affect absorption 


‘AL TS 
CH 
{Il ee 
(V.) 


materially (because of the markedly different weighting of the —N—C< group in the 1:6 
position and >C—N-— in the 6 position). We therefore deemed it advisable to reinvestigate 
the absorption of this compound over a wide range of pg. 

The results show that adenine absorption does change considerably in both extinction 
and wave-length with py change, contrary to Holiday’s statement (loc. cit.) and to Gulland 
and Holiday’s spectra for adenine at two different p_ values (J., 1936, 765). They are in 
close agreement, however, with data for two py’s presented by Warburg, Christian, and 
Giese (Biochem. Z., 1935, 282, 157; 1936, 287, 291). The matter is of particular import- 
ance now that spectra are being used extensively in attempts to identify various biologically 
active materials related to nucleic acids and their derivatives, since the influence of pg 
must be taken into account in deducing from spectra the constituents present in crude 
preparations. 

EXPERIMENTAL, 

The spectra were determined with a Hilger quartz spectrograph and Spekker photometer, 
a tungsten-spark source and Cramer contrast plates being used. The plates were enlarged on 
contrast bromide to facilitate matching, or were matched photoelectrically (Loofbourow, J. Opt. 
Soc. Amer., 1939, 29, 535). 
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All solutions were made in glass-distilled water, usually at a concentration of 16 mg. per I. 
Kolthoff buffers were used for adjusting the ~q except in the case of the most extreme acid and 
alkaline solutions, for which hydrochloric acid and sodium hydroxide, respectively, were em- 
ployed. The solvent cell was filled with a corresponding solution of the buffer alone in each 
instance, in order to compensate for absorption by the buffer and solvent. The glass electrode 
was used for determining pg. Adenine was employed as the sulphate, (C;H,N,),,H,SO,,2H,O, 
after repeated recrystallisation from glass-distilled water. 

Water-filtered ultra-violet radiation from a Burdick A.C. quartz—mercury arc, operated at 75 
volts across the arc, was used for determining the effects of ultra-violet radiation on the spectrum 
of adenine. Unbuffered solutions were irradiated at 25 cm. from the arc in quartz-covered 
containers, a liquid thickness of 5 cm. being used. Samples were withdrawn at 0, 5, 15, and 


30 mins., 1, 2, 3, and 4 hours. Throughout the period of irradiation, the solution was stirred 
repeatedly. 
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Results and Conclusions.—The effect of Py on the spectrum of adenine is shown in Figs. 
1 and 2. In the interests of clarity, several curves for intermediate pq values (1-62, 3-0, 
4-0, 6-0, and 11-0) have been omitted from Fig. 1. The pg 5-0 solution (the , of unbuffered 
solutions of equivalent concentration was about 5-3) had a maximum at 2610 A. and a 
molecular extinction (calculated for the free base) of 13,200. This is higher than the 
value of 10,300 reported by Heyroth and Loofbourow (loc. cit., 1934) and that of 12,300, 
after correction for sector error (idem, ibid.), obtained by Holiday (1930), unbuffered 
solutions having been used in both cases. Our highest extinction, 13,400, occurred at pg 
1-0. This value agrees precisely with that of Warburg et al. (loc. cit., 1935) for solutions in 
0-1Nn-hydrochloric acid and is slightly higher than Gulland and Holiday’s value (13,200) 
for solutions in 0-05N-acid (loc. cit.). 
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Starting with the most acid solution (py 1-0), we found a progressive diminution in the 
extinction at 2610 A. up to py 9-0 (Figs. 1 and2). Further increase in alkalinity resulted in 
a shift of the maximum toward longer wave-lengths, and ultimately to an increase in 
extinction with maximum at 2690 a. The values of Warburg e¢ al. (loc. cit., 1936) for 
adenine at py 9-7 (Fig. 1 and Table) show a diminution in extinction and shift of the maxi- 
mum toward longer wave-lengths, as in our results. Holiday’s values (loc. cit.) for pg 3 
and py 10 show no change in extinction but a shift to longer wave-lengths on change to 
alkaline solution, the latter agreeing with Warburg’s results and ours. On the other 
hand, Gulland and Holiday report an increase in extinction and shift toward shorter wave- 
lengths for solutions in 0-05N-sodium hydroxide as compared with 0-05n-hydrochloric acid. 
We are at a loss to account for their results (inconsistent as they are with Holiday’s earlier 
values, as well as with Warburg’s and our own) unless the method used by them did not 
compensate adequately for the absorption of the alkali and acid. 
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Py: 


Absorption Maximum of Adenine. 


Wave-length of maximum. Molecular extinction at maximum. 
Reference. Acidic. Alkaline. Acidic. Alkaline. 


3 10 pu 3 pu 10 

I ontibiicbeckpiticns 2630 A. 660 A. 140,000 (12,300)* 140,000 (12,300)* 
n/20-HCl n/20-NaOH n/20-HCl n/20-NaOH 

Gulland and Holiday (1936) ...... 2600 a. 2580 a. 13,200 13,600 

n/10-HC1 pu 9-7 n/10-HCl pu 97 

Warburg ef al. (1935, 1936) ......... 2600 a. 2650 a. 13,400 12,300 

pu 1 pu 10-0 pul pu 10 

2610 a. 2645 a. 13,400 12,000 


* Values in parentheses are obtained from the reported values by using Heyroth and Loofbourow’s 
method of correction (loc. cit., 1934). 
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We believe the changes in absorption observed to be attributable to a tautomeric 
rearrangement of the type shown in (I) (II). This, however, becomes more clearly 
evident on comparing the py, effects for adenine with those for other purines and pyrimidines, 
and we therefore defer discussion of this point to a subsequent paper. 
Fig. 3 shows the changes in spectra obtained on irradiating adenine. 
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feature is the marked stability of this compound toward ultra-violet radiation. Irradiation 
j for as long as 4 hours resulted in inappreciable decrease in absorption. This is in contrast 
to the effects of ultra-violet radiation on uracil, etc. (Heyroth and Loofbourow, loc. cit.), 
i and should serve as a helpful means of identifying this compound.. In general, the lability 
of purines and pyrimidines to ultra-violet radiation appears to parallel the number of 
i C=O groups they contain, as will appear from the subsequent reports. 
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162. Studies in the Sterol—Oestrone Group. Part II. Derivatives 
of 2-Phenylcyclohexanone. 


By J. C. BARDHAN. 






Ethyl 5-carbethoxy-2-phenyl-5-methylcyclohexanone-6-8-propionate, synthesised from 
y-acetyl-a-phenylbutyric acid, might serve as an intermediate in the projected synthesis 
of oestrogenic ketones. 
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HyYDROPHENANTHRENE derivatives related to O-methylhomo-oestric acid (Bardhan, J., 
1936, 1949; Litvan and Robinson, J., 1938, 1919) are peculiarly difficult to prepare. 
Their formation from 2-phenylcyclohexanone has been envisaged by Cook and co-workers 
(J., 1936, 73; 1939, 168). It seemed probable, therefore, that ethyl 5-carbethoxy-2-phenyl-5- 
methylcyclohexanone-6-B-propionate (1) might be a valuable material for the synthesis of 
0-methylhomo-oestric acid and its relatives. It was prepared from y-acetyl-«-phenyl- 
butyric acid by an extension of the synthesis whereby closely related alicyclic compounds 
have been obtained from mesitonic acid (Bardhan and Ganguly, J., 1936, 1852) and 
y-acetyl-£f-dimethylbutyric acid (unpublished work by Mr. R. Chakravarti). 

Ethyl «-carbethoxy~y-acetyl-«-phenylbutyrate (II, R = CO,Et), prepared by pairing ethyl 
sodiophenylmalonate with the methiodide of 8-diethylaminobutan-f-one (compare du Feu, 
McQuillin, and Robinson, J., 1937, 53), on hydrolysis and elimination of carbon dioxide 
yielded y-acetyl-«-phenylbutyric acid (as II; R = H), the ethyl ester of which condensed 
with ethyl cyanoacetate in presence of piperidine and anhydrous sodium sulphate (Bardhan 
and Ganguly, Joc. cit., p. 1853) to give ethyl «-cyano-e-phenyl-p-methyl-A*-pentene-ae- 


CH,—CH,'CMe-CO,Et CH,CH,‘COMe 

CHPh:COCH-[CH,],"CO,Et CPhR:CO,Et 
CH,CH,’CMe:C(CN)-CO,Et CH,—CH,;—CMe-CO, Et 
CHPh:CO,Et CHPh:CO,Et CH,*CO,Et 


dicarboxylate (III). This was allowed to react with potassium cyanide (compare Lapworth 
and McRea, J., 1922, 121, 2752), the product hydrolysed, and the crude acid converted into 
ethyl a-phenyl-8-methylpentane-ade-tricarboxylate (IV). The triethyl ester was subjected 
to the Dieckmann reaction, and the product allowed to react with ethyl f-chloropropionate ; 
hydrolysis and subsequent esterification gave ethyl 5-carbethoxy-2-phenyl-5-methyleyclo- 
hexanone-6-8-propionate (I). 

The preparation of the methoxy-derivatives required for the synthesis of O-methylhomo- 
oestric acid is well in hand and several method$ are under consideration for the construction 
of the central nucleus of the hydrophenanthrene system. 


(I.) (II.) 


(III.) (IV.) 


EXPERIMENTAL. 


Ethyl a-Carbethoxy-y-acetyl-a-phenylbutyrate (II; R = CO,Et).—A solution of ethyl sodio- 
phenylmalonate prepared from sodium (3-1 g.), absolute alcohol (53 c.c.), and ethyl phenyl- 
malonate (31-5 g.) was cooled in ice and gradually mixed with diethylaminobutanone methiodide 
(from 19-1 g. of 3-diethylaminobutan-f-one and 10 c.c. of methyl iodide) (du Feu, McQuillin, and 
Robinson, loc. cit., p. 56) dissolved in a little absolute alcohol. The mixture was kept cold over- 
night and then refluxed on the steam-bath for 4 hours, cooled, faintly acidified with dilute 
hydrochloric acid, and extracted with ether. After removal of the solvent from the dried 
ethereal layer the residue was fractionated under reduced pressure. Ethyl a-carbethoxy~y- 
acetyl-a-phenylbutyrate formed an almost colourless liquid, b. p. 182°/6 mm. (Found: C, 66-6; 
H, 7-3. C,,H,,O, requires C, 66-7; H, 7-2%). Yield 70%. 

The yield of the condensation product is much improved when ethyl phenylmalonate is 
replaced by ethyl phenylcyanoacetate in the above experiment. Ethyl a-cyano-y-acetyl-a- 
phenylbutyrate (II; R = CN) had b. p. 186°/6 mm. (Found: C, 69-6; H, 6-5. C,,H,,0O,N 
requires C, 69-5; H, 6-5%). 

y-Acetyl-a-phenylbutyric Acid* (as Il; R = H).—The ester (II; R = CO,Et) (75 g.) was 
boiled under reflux with a solution of potassium hydroxide (40 g.) in water (20 c.c.) and alcohol 
(180 c.c.) for 1 hour, the alcohol removed as completely as possible, and the residue diluted with 
water and extracted with ether to remove neutral impurities. The alkaline solution was 
acidified with dilute hydrochloric acid and again extracted with ether. After removal of the 
solvent the residue was heated at 130—140° until the evolution of carbon dioxide ceased (2—3 
hours). y-Acetyl-a-phenylbutyric acid thus obtained distilled almost wholly at 180°/4 mm. 
(185°/6 mm.) as a colourless oil (Found: C, 69-7; H, 6-7. C,,H,,O, requires C, 69-9; H, 
68%). It was also obtained when the esters (II; R = CN and CO,Et) were hydrolysed with an 


* Subsequent to the completion of these experiments some of the compounds mentioned in this 
paper were described by Banerjee (Science and Culture, 1940, 5, 565). 
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excess of boiling concentrated hydrochloric acid. The semicarbazone had m. p. 161—162° 
(Found : C, 59:3; H, 6-6. C,3H,,O,N, requires C, 59-3; H, 6-5%). The methyl ester, prepared 
from the acid by the alcohol—hydrogen chloride method, was a colourless liquid, b.p. 149°/5 
mm., having a characteristic odour (Found: C, 70°8; H, 7-5. (C,3H,;,O0, requires C, 70-9; 
H, 7-:3%); its semicarbazone, prepared in cold aqueous alcoholic solution in the presence of 
sodium acetate, crystallised from alcohol in minute prisms, m. p. 151—152° (Found: C, 60-6; 
H, 6-8. C,,H,,0,N, requires C, 60-6; H, 69%). The ethyl ester was an oil, b. p. 160°/9 
mm. (Found: C, 71-7; H, 7:8. C,H,,0, requires C, 71-8; H, 7:7%); its semicarbazone 
separated from aqueous alcohol in small prisms, m. p. 119—120°. The keto-acid, on oxidation 
with sodium hypobromite, gave an excellent yield of a-phenylglutaric acid, m. p. 82—83° 
(compare Fichter and Merckens, Ber., 1901, 34, 4175). 

Ethyl a-Cyano-e-phenyl-B-methyl-A*-pentene-ae-dicarboxylate (III).—A mixture of ethyl 
y-acetyl-a-phenylbutyrate (46-8 g.), ethyl cyanoacetate (22-6 g.), anhydrous sodium sulphate 
(25 g.), and piperidine (3 c.c.) was heated on the steam-bath for 18 hours, cooled, and poured into 
water. The heavy oil produced was isolated by means of ether and after the usual washing and 
drying was distilled. Ethyl a-cyano-e-phenyl-B-methyl-A*-pentene-ae-dicarboxylate (III) formed 
an almost colourless oil, b. p. 212°/7 mm. (Found: C, 69-5; H, 7-1. CygH,,;0,N requires C, 
69-3; H, 7-0%). The yield was good. 

Ethyl a-Phenyl-8-methylpentane-ade-tricarboxylate (IV).—Theunsaturated cyano-ester (65-8g.), 
dissolved in rectified spirit (300 c.c.), was treated with a solution of 26 g. of 98% potassium 
cyanide (2 mols.) in water (60c.c.). After 48 hours the alcohol was distilled off, a large excess of 
concentrated hydrochloric acid added, and the liquid heated under reflux for 12 hours, cooled, 
diluted with water, saturated with salt, and extracted several times with ether. The crude acid 
recovered from the ethereal solution (40 g.) was mixed with absolute alcohol (150 c.c.) and 
concentrated sulphuric acid (10 c.c.) and heated for 6 hours at 110° in a current of alcohol 
vapour; purified in the usual way, ethyl a-phenyl-8-methylpentane-ade-tricarboxylate had b. p. 
208°/7 mm. (Found : C, 66-7; H, 8-1. C,,H 90, requires C, 66-7; H, 7-9%). 

Ethyl 5-Carbethoxy-2-phenyl-5-methylcyclohexanone-6-B-propionate (I).—A mixture of the 
foregoing ester (37-8 g.) and granulated sodium (4-6 g.) in dry benzene (80 c.c.) was heated on 
a water-bath until the sodium disappeared (3—4 hours). The product was cooled in ice and 
gradually treated with ethyl 6-chloropropionaft (14 g.), the mixture being finally refluxed for 
6 hours. After cooling, the product was poured into water, the benzene layer washed with 
dilute sodium hydroxide solution and dried, and the solvent removed under reduced pressure. 
The residue was refluxed with an excess of concentrated hydrochloric acid for 12 hours, and the 
liquid concentrated to small bulk under reduced pressure and repeatedly extracted with ether. 
The ethereal solution was dried and evaporated, and the residue esterified (alcohol—hydrogen 
chloride method). Ethyl 5-carbethoxy-2-phenyl-5-methylcyclohexanone-6-8-propionate formed a 
colourless, somewhat viscous liquid, b. p. 200°/6 mm. (Found: C, 70-2; H, 8-1. C,,H,,0; 
requires C, 70-0; H, 7-8%). 


UNIVERSITY COLLEGE OF SCIENCE, CALCUTTA. [Received, May 23rd, 1940.) 





163. The Influence of a Solvent on the Strength of the Hydrogen Bridge. 
By E. A. MoELwyN-HUGHEs. 


The distribution of acetic acid between benzene and water has been examined 
experimentally over wide temperature ranges, and at lower concentrations than in 
previous work. 

The increase in internal energy attending the dissociation of the double molecule in 
benzene solution is found to be some 5,400 cals. less than the corresponding value for the 
gaseous dissociation. 

The difference in the two energies is quantitatively related to the distance apart of 
the polar solute molecules in combination, to the number and average distance of 


neighbouring solvent molecules round the dimer, and to the polarisability of the solvent 
molecules. 


THE distribution of acetic acid between water and benzene has been investigated in order 
to discover what influence the inert solvent may exert on the energy of formation of a 
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typical hydrogen bridge. The procedure adopted differs sufficiently from the original 
treatment (Nernst, Z. physikal. Chem., 1891, 8, 110) to deserve a brief description. 

Let the acetic acid molecule be denoted by A, and its monomeric and dimeric forms by 
the subscripts 1 and 2 respectively. The subscripts W and B refer to the solvents, water 
and benzene, respectively. The partial ionisation in aqueous solution can be neglected. 
We have then the following two equilibria to consider : 


Ay,w~=Aus> K,=[Azsl/fAyw) - - - - + + (I) 
Ags = 2A;3; Ky =[Azps]*/[Aes] - - - - + + (2) 


It follows that the ratio, cg/cy, of the total concentrations of acetic acid in the benzene and 
water layers is 


. = K, -t- =a Cw . . . . . . . . (3) 
w 
The observed partition ratio should therefore increase linearly with the total concentration 
of solute in the aqueous layer. The intercept corresponding to a zero aqueous concentration 
yields the first equilibrium constant, and the gradient the second equilibrium constant. 

These relations are found to be valid provided cw does not exceed about 2 g.-mols./I. 
at the lower temperatures and about 0-8 at the higher temperatures. Most of the 
experiments have accordingly been made with aqueous solutions of acetic acid not exceeding 
the normal concentration. In this region, equation (3) leads to unambiguous values of the 
desired constants, K, and Kg. 

EXPERIMENTAL. 


Distribution equilibrium was attained by vigorously shaking the two solvent layers with an 
appropriate amount of solute in glass-stoppered bottles under thermostatic equilibrium. 265 C.c. 
of the upper layer were titrated directly against standard alkali, phenolphthalein being 
used as indicator. The concentration of the aqueous layer was determined after dilution. 
The results of a typical experiment are shown in TableI; 7, and Ty are respectively the number 
of c.c. of 0-01835n-potassium hydroxide required to neutralise the acid in 25 c.c. of the benzene 
solution and 1 c.c, of the water solution. The concentrations, here and throughout, are given 


in g.-mols./l. The validity of equation (3) is demonstrated by the concordance of the figures 
in the last two columns. 


TABLE I. 
T = 297-23 °x. K, = 80x 10°. K, = 5-6 x 10°. 
100cg/cw, 

Tz. Tw. cz. cw. obs. by eqn. (3). 
48-87 59-38 0-03586 1-0900 3-29 3-29 
33-79 48-25 0-02480 0-8855 2-80 2-82 
21-13 36-30 0-01551 0-6661 2-32 2-32 
10-57 23-58 0-00776 0-4328 1-79 1-79 

4-13 12-48 0-00303 0-2291 1-32 1-32 


At higher temperatures, slight departures from the linear relation were found, due chiefly 
to loss of the volatile solute vapour from both layers during separation and analysis. A larger 
number of observations are therefore necessary, and, where some latitude remains in the choice 
of constants, the method of least squares has been used in determining both. A typical set of 
figures is shown in Table II. The second readings of each pair were made after the first, and 





TABLE II. 
T = 31817 °K. K, = 1-39 x 104; K, = 1-62 x 107. 
cB. Cw. 100cg/cw. 100cg/cw, by eqn. (3). 
000425 \o.0042 02270 Lo.aee 1-872) 1.87 1-90 
0.1091 109 O44 ho aae 7407 }2-46 2-43 
0.01938 }0-0192 b-es00 }0-649 3 one }297 2-92 
O-0apon }0-0204 0.2506 }0°857 3.305 }243 3-42 


0-04198 1-0772 3-896} o. 
0.04105 $0415 1.0595 } "068 3.874 }3'89 5-03 
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indicate the loss of solute during the experiment, particularly from the benzene layer and from 
the more dilute solutions. In view of these irregularities, we have taken the mean of each 
pair of readings in applying the method of least squares. Certain other results are recorded in 
summarised form in Table III. They suffice to show the range of validity of equation (3), with 


TABLE III. 
T = 290-:14°K. K, = 6-4 x 10°; T = 298-18 °x. K, = 82 x 10°; 
Ky = 4-0 x 10-3. Ky a 6-0 x 10-3, 
100cs/cw, 

Cw. obs. . (3). Cw. " by eqn. (3). 
0-375 1-41 . 0-231 . 1-34 
0-585 1-83 . 0-350 . 1-60 
1-194 3-14 : 0-447 . 1-82 
2-215 5-10 . 0-550 . 2-05 

1-140 . 3-375 

T = 307-82 °x. K, = 1-08 x 10°; T = 335-11 °K. K, = 2-055 x 10°; 
K, = 9:8 x 10°. K, = 3-61 x 10°. 
0-222 1-61 1-61 0-227 2-56 2-58 
0-450 2-13 2°15 0-427 3-08 3-05 
0-665 2-66 2-66 0-646 3-58 3-57 
0-877 3-11 3°17 0-867 4:07 4-08 
1-094 3°58 (3-68) 


respect to concentration and temperature. Experiments with ordinary benzene and with the 
purest benzolum pro analysi failed to reveal any difference in the value of either constant. 
The influence of temperature on the equilibrium constants is adequately summarised by a 
relation of the form 
eT i, ell ee 
with the specific values 


AS,° = 7:15 cals./g.-mol.-deg. ;~ AH,®° = 4980 cals./g.-mol. 
AS,® = 22-32 cals./g.-mol.-deg.; AH,° = 9700 cals./g.-mol. 


Experimental values and those reproduced by these formule are compared below. Because 


K, X 10, K, X 10, K, X 10°, K, X 10°, 
T, °K. obs. by eqn. (4). . by eqn. (4). T,°K. obs. by eqn, (4). obs. by eqn. (4). 
290-14 6- 6-51 , 3-73 307-82 10-8 10-64 9-8 9-77 
297-23 8- 7-98 , 5-57 318-17 13-9 13-86 16-2 . 16-4 
298-18 8- 8-18 , 5-88 335-11 20-6 20-68 36-1 35-7 
303-56 9- 9-50 . 7-85 


the dissociation in solution is attended by a negligible change in volume, we may identify AH,° 
with AE,®, which is the increase in internal energy for the dissociation in solution. The 
corresponding value for the gas reaction, AE,°, has been variously given as 14,200 cals. (Nernst, 
“Die theoretischen und experimentellen Grundlagen des neuen Warmesatzes,”’ Halle, 1918) 
and 16,000 (Eucken, ‘“‘ Grundriss der physikalischen Chemie,” 4th Ed., Leipzig, 1934). Taking 
a mean value, we have the ratio 


AEYS/AE,° = 9,700/15,100 = 0644004... . . . (5) 
and the difference 
AE, — AE,® = 5,400 + 900 cals./g-mol.. . . . . .~ (6) 


It is not possible to say how the increase of internal energy associated with the reaction in 
solution is affected by the small amount of water which inevitably enters the organic solvent in 
distribution equilibria. We shall assume that the solvent is essentially pure. At the mean 
temperature of experiment (313 °K.), its dielectric constant is 2-243. 


DISCUSSION. 


The origin of the type of association due to the hydrogen bridge is generally traced to the 
phenomenon of resonance (Pauling, ‘‘ Nature of the Chemical Bond,” Cornell, 1939). It has, 
nevertheless, been pointed out that classical electrostatics is also capable of explaining 
the facts. If we consider, for example, the coupling of two formic acid molecules into a 
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stable bimolecular complex in the gaseous phase, we can show that the interaction of the 
four polar components, summed vectorially, accounts for a dissociation energy of 13,140 
cals., which is 93% of the observed effect (Moelwyn-Hughes, J., 1938, 1243). The super- 
position of the secondary effects due to polarisation and induction slightly improves the 
calculation, yielding a value of 13,440 cals., or 95% of the total effect (Davies, Trans. 
Faraday Soc., 1940, 36, 342). In view of the fact that the observed value relates to a 
temperature some 300° higher than that to which the calculation refers, the electrostatic 
theory may be regarded as wholly capable of interpreting the facts. For these reasons, 
only the classical electrostatic theory is here employed in discussing the new results. 

(1) Solvents are known to modify the dipole moments of molecules which they dissolve, 
and the most obvious way of explaining the ratio of equation (5) would then be to attribute 
the stability of the dimer in the two phases entirely to the interaction of the monomeric 
dipoles. Provided the inclination and separation of the component molecules be the 
same in both phases, one would then have the approximate relation 


AE S/AR Sak Gey. . se ee lw ew 

If such a simple explanation were true, the experimental ratio of the energy terms yields 
the result, », = 1-38 x 10° e.s.u., assuming p, = 1-73 x 107% (Zahn, Physical Rev., 
1931, 38, 521). Examination of the literature shows that there is much uncertainty about 
the true value of y,. All estimates agree that it is less than y,; Briegleb’s computation 
leads to a value of 1-04 x 10° e.s.u. (Z. physikal. Chem., 1930, B, 10, 220). Measure- 
ments of the polarity of solutions of acetic acid in benzene solution, however, have generally 
been made at concentrations so great that the equilibrium expression (2) does not retain its 
validity. Quite apart from such uncertainties, which are more fully discussed later, we 
consider that equation (7) is too simple an explanation. 

(2) The two molecules which form the dimer are, of course, surrounded by solvent 
molecules, upon which each exerts some polarising influence. The effect is to diminish 
the effective field due to the dipole in the approximate ratio of (D + 2)/3D (Frank, Proc. 
Roy. Soc., 1935, A, 152, 174). For the system under discussion, this leads to the result : 


AEY/AE, = (D + 2)/3D =063 . . . . (8) 


Numerically, this ratio is quite satisfactory. The molecular model souand in the 
calculation is, however, too simple to fit the experimental system; and we consider the 
following explanation to be, though still approximate, nearer the mark. 

(3) On account of the symmetry of the plane six-membered ring formed by the dimeric 
modification of the acid in solution, we shall assume that its true energy of dissociation is 
the same in the condensed and the rarefied phase. The recorded difference is an apparent 
one, due to the difference in the standard states to which the two values of AEF® refer. 
AE® is, in fact, a measure, not of the energy of the hydrogen linkage, but of the difference 
between the molar internal energies of two molecules of the monomeric acid and one 
molecule of the dimeric acid, each in the reference state. Denoting solution values by s 
and gas values by g, we then have, for dissociation at the absolute zero : 


AE.® ,[No = 2ug® cos* Ojo . 2. 2s «+ © 6 2 (DD) 
and ; AE,° ,/No = 2%; + 2y,* cos? 0/73 . . . . « « (10) 
N, is the Avogadro number. The common reference level is that of zero energy for the 
isolated monomeric molecules in the dilute gaseous phase. The term «; is the potential 
energy of a single molecule in the supercooled solution. In order to estimate its magnitude, 


we shall ignore the work done in forming the cavity in the solvent, as this is counter- 


balanced by the corresponding term for the dimer. The field exerted by the solute 
molecule, of moment p,, at a distance 7 in its neighbourhood is 


eS | 6 le re ||| 


If the solute is free to rotate in an envelope of solvent molecules, of polarisability «, 
the solute-solvent interaction energy is 


M=—yuFZ. 2... www ee IQ) 
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which has an average value of 
et) A a eee oi er | 
According to our supposition, we regard p, = py, 7, = 7,, and 0, = 9,, so that 
AE,°, — AE,°, = — 2Ngu; = 2Ngnap?/r® ere | 
and, for a linear combination of the dipoles, 
ES JEf,=i-wsrffm . . . . 2. s (WH 


An independent check on these suppositions would be possible from distribution 
measurements of the solute between the solvent and the vapour phase; but figures at 
sufficiently low concentrations seem to be lacking. We can therefore but equate the 
experimental and theoretical relations (6) and (14), obtaining r = 3-39 a. (m = 6) and 
yr = 3-82 A. (n = 12). In view of the approximations made, these figures are reasonable 
ones. 

Remarks on the Polar Constants of Associating Solutes.—It is the object of this section 
to show how many of the apparent anomalies recorded in connexion with the partial molar 
polarisation of associating solutes disappear when allowance is made in a quantitative 
manner for the extent of association. We have noted that most of the data for associating 
solutes have been computed on the basis that dimerisation is complete. 

We may consider, as an example, the case of acetic acid dissolved in benzene. The 
assumption of complete association drives Briegleb (loc. cit.) to the further assumption 
that higher polymers are also formed. Smyth and Rogers (J. Amer. Chem. Soc., 1930, 
52, 1824) rightly attribute the anomalous temperature variation of the partial molar 
polarisation of the solute to the inaccuracy of their assumption of complete association. 
Extrapolating at each temperature from data relating to solutions of various molar 
fractions, they arrive at the figures reproduced in lines 1 and 2 of the following table. In 


O° Go. sernpremencenceaperssscesaimacceonésonese:; & 10 20 30 40 50 60 70 
Pig (C.C.]G.-MOl.) ......cccccececccccccccseee 2S 224 22-8 23-1 23-7 242 248 25-6 
Kee HK WP ccocccccecceces ces ccescoscecss svese 131 2-46 442 7-64 12-76 20-75 32-66 50-12 
Percentage of total acid present in 
monomeric form in 1m-solution. ...... 253 345 459 599 767 «962 11-97 14-63 


terms of the equilibrium constant of equation (2), the fraction of the total concentration 
of solute which is associated into double molecules is given by the equation 


x/cg = 1+ K,/4cg — {(1 + K,/4cg)®? —1}*. . . . « (16) 


In line 3 are found the equilibrium constants for dissociation, obtained by means of equation 
(4); and in the last line are the fractions of free solute molecules, expressed as a percentage, 
in a solution of 1m-concentration. Denoting by P, the molar polarisation of the dissolved 
monomer, and by P, the corresponding quantity for the dimer, we then have the relation 


P, = P,(l—2) + Pe © wee or wo (HM) 


where, according to Debye’s theory, 


Pome tects « ew sw ew ow ew 
Combining, we obtain the result 


(P, —Pg)l1— x) =a+0/T . 2... (9) 


In order to solve the equation, we have assumed that P, equals the molar refraction of 
solid acetic acid (19-4 c.c./g.-mol.).. Computing from the extreme points in the foregoing 
table, we thus deduce that yp, = 2-71 x 107% e.s.u. The result is, of course, too high, 
_ because we have used the extents of dissociation in M-solutions, which are less than those 
in the dilute region to which the extrapolated values refer. The significant result, however, 
.is that the temperature dependence of the polarisation is now correct. - It is because the 
value of u, estimated here lies as far above p, as the values of p, estimated elsewhere 
lie below it that we have had to assume no real change in the dipole moment on dissolution. 
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Other Association Equilibria in Solution.—The method of this paper has not, apparently, 
been used in the study of equilibria. Accordingly, we append some other values of K, 
obtained by this method from some of the earlier data to be found in the literature. The 
figures in Table IV have been obtained by the linear graphical procedure, and refer to 


. TABLE IV. 
Solute. Solvent. K, x 10%. Author. 
CH COLT ccc ccc ce cs, 2-35 Herz and Kurzer, Z. Elektrochem., 1910, 16, 869. 
CH,°CO,H eeeeeeeee C,H, 6-0 Moelwyn-Hughes. 
CH,°CO,BH ......... CCl, 6-1 Herz and Kurzer, loc. cit. 
CH COG... ccc0se CHCl, 143 Rothmund and Wilsmore, Z. physikal. Chem., 1902, 40, 611. 
C,H,°CO,H ...... C,H, (20°) 570 Nernst, loc. cit. 


systems at 25°, the other solvent being water. The last value is probably more accurate 
than the others. The plot falls through ten points in a concentration range below 
0-016 g.-mol./l. 

We have tested equation (3) also for the distribution of solutes between associating 
and non-associating solvents in the absence of the hydrogen bridge, and have found it to 
apply generally. ; 

The distribution law involving only dimerisation is usually stated in the simplified 
form given to it by Nernst, who initiated the study of the present problem. In its early 
form, it assumes complete association, and is expressed as 


NA? Pe cae ee 


It is clear that the present form of the law is more general, and that it reduces at high 
concentrations into the simpler one, when 


K = K,v2/K, eS ee Se ee ee 
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164. The Determination of the Thermodynamic Dissociation Constants 
of Dibasic Acids. 
By J. C. SPEAKMAN. 


Two difficulties have to be overcome in determining the thermodynamic dis- 
sociation constants of a dibasic acid from experiments on cells embodying liquid- 
liquid junctions: first, that of the standardisation of the py scale; and secondly, that 
of correcting for the activity effects of the ions. A procedure for overcoming these 
difficulties is suggested. Previous general formule are modified so.as to lead to a 
linear equation, which enables first and second dissociation constants to be obtained 
very simply, and the use of which is very convenient in smoothing experimental 
data and leads to no appreciable errors in dilute solutions. The method has been 
tested by experiments on oxalic, succinic, glutaric, and adipic acids, and found to be 
satisfactory. 


potentiometric method possesses the great advantage, amongst others, of giving strictly 
comparable values of successive constants. In work of the highest accuracy, cells without 
liquid-liquid junctions must be used (cf. Harned and Ehlers, J. Amer. Chem. Soc., 1932, 
54, 1350; Nims, ibid., 1933, 55, 1946); but the method requires an elaborate series of 
experiments, followed by extrapolation to zero ionic strength. With a dibasic acid the 
extrapolation may become difficult, and especially when the acid is relatively highly 
dissociated (see p. 858). Methods based on cells with liquid junctions require less experi- 
mental work, and, provided two general difficulties can be adequately overcome, are 
capable of yielding results of considerable accuracy, as will be shown. 

The first difficulty is concerned with the standardisation of the pg scale (cf. Clark, 


“ The Determination of Hydrogen Ions,” 1928, Ch. XXIII), and is essentially one aspect of 
3M 
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the dilemma (not yet resolved) met in any attempt to measure either the activity of a 
single ionic species or the potential at a liquid-liquid junction. Hitchcock and Taylor 
(J. Amer. Chem. Soc., 1937, 59, 1812; 1938, 60, 2710) have proposed an arbitrary standard- 
isation designed to lead to correct thermodynamic dissociation constants, and have 
embodied it in a table of the _ values to be attributed to various convenient buffer 
solutions. Any form of hydrogen electrode including a liquid junction with saturated 
potassium chloride can be calibrated accordingly, with the implied assumption that the 
junction potential is constant. Errors arising from this first difficulty are not likely to be 
large, and should in any case affect both dissociation constants of a dibasic acid similarly. 

The second difficulty is more serious, and is due to the fact that activities, not con- 
centrations, must be used in calculating the constants. Failure to allow for this may 
lead to particularly large errors in the second dissociation constant. General equations 
involving the necessary activity coefficients have been derived (e.g., by Morton, Trans. 
Faraday Soc., 1928, 24, 14; Maxwell and Partington, ibid., 1935, 31, 922), but they are 
not very convenient to use with experimental data. Some workers have therefore resorted 
to the evaluation (e.g., by a formula based on the work of Auerbach and Smolczyk, 
Z. phystkal. Chem., 1924, 110, 65) of classical or ‘‘ incomplete ”’ dissociation constants, 
followed by an extrapolation, or some other equivalent correction, to zero ionic strength 
(e.g., Kolthoff and Bosch, Rec. Trav. chim., 1928, 47, 861; Bjerrum and Unmack, Kgl. 
Danske Videnskab. Selskab., 1929, 9, 11; Gane and Ingold, J., 1931, 2158; German, 
Jeffery, and Vogel, J., 1935, 1624), a procedure less accurate, but little less laborious, than 
the use of cells free from liquid junctions. In the present paper a convenient method for 
evaluating thermodynamic dissociation constants is described. 

The thermodynamic dissociation constants of a dibasic acid, H,A, may be defined by 
the equations : 

K, = {H'}[HA'],/[HpAlf, and K, = {H}[A"1/,/[HA'T: 


where {H’} signifies the activity of hydrogen ions, and f), f,, and f, are the activity coefficients 
of the species H,A, HA’, and A” respectively. In a solution of total acid concentration 


1 
sere a = [H,A] + [HA’] + [A”] 


and when a strong monoacid base, which may be taken as completely dissociated, has 
been added to give a molar concentration }, electrical neutrality requires that 


6 + [H’] = [HA’] + 2[A”] + [OH] 
If we define L, M, and N by the equations 


L= 6+([H’]— [0H (= [HA’] + 2[A”)) 
M= a—b-—[H) + [OH] (= [H,A] — [A”)) 
N = 2a — b — [H’] + [OH] (= 2[H,A] + [HA’)) 
then it can easily be shown that 


{H'PLA/Nfy = Ky({HMA/Nf,) + KK, Bane ee 
which may be written shortly 
X = K,Y + K,K, 


When therefore X and Y can be evaluated from experimental data, the plot of one against 
the other should give rise to a straight line, the slope of which equals K,, and the intercept 
on the X-axis K,K,. A linear relationship is very convenient, in that by drawing the 
most suitable straight line amongst the experimentally determined points an average 
based on all the measurements is simply obtained. 

Equation (1) is rigorous; and, although in evaluating X and Y approximations have 
to be made, they are not such as seriously to affect its accuracy when the solutions used 
are dilute. In the first place the success of the system of py standardisation depends on 
the validity of putting — log{H"} equal to ~,.* As [H‘] normally makes only a small 

* In accordance with general usage, pg is defined as above in terms of the hydrogen-ion activity, 
and not as —log [H’]. 








as 
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contribution to L, M, and N, no sensible error is introduced if {H’} is used in its place: in 
the exceptional cases when [H’] is relatively more important, the quantity may be estimated 
with sufficient exactness by dividing {H"} by f,; [OH’] is negligible on the acid side of py 7. 
Salting-out data for neutral molecules show that f, is unlikely to differ appreciably from 
unity when the ionic-strength (Jf) is less than 0-01. /f, and f, are in general not known; 
in very dilute solutions, however, they will not be much less than unity, and they may then 
be estimated with sufficient accuracy by the Debye—Hiickel limiting law (viz., log f, = 
—O05VI; log f, = —20VI; logf,/f, =—1-5VI). I can be estimated by successive 
approximations if necessary; but in the very dilute solutions (generally less than 0-001m) 
used in the present work J may without serious error be taken as (b + {H"}) when b < a, 
and as (26 — a) whenb> a. The use of such dilute solutions does not give rise to serious 
errors in the experimental work, provided carbon dioxide is excluded. 

For a monobasic acid equation (1) assumes the well-known form K = {H'}Lf,/Mf,. For 
acids of basicity higher than two, a simple general treatment is not possible, but equation 
(1), or some modification of it, would be applicable over any range of #, where only two 
successive dissociations were in effective operation, as, ¢.g., with orthophosphoric acid up 
to py 7. 

EXPERIMENTAL. 


The procedure described was tested with measurements made on oxalic, succinic, glutaric, 
and adipic acids, these being chosen partly because they show a range of strengths, and partly 
for comparison with measurements being made on certain of their derivatives. The oxalic 
acid was of “ AnalaR”’ quality. The other acids were pure specimens, and were further 
purified by recrystallisations from ethyl acetate and water. 


Pu Values were measured by means of the glass electrode, embodied in the complete cell : 
Ag|AgCl, HCl (0-02m) | Glass| Solution under investigation|Saturated KC1|HCI (0-02m), AgCl| Ag. 


It was important to avoid appreciable contamination of the working solution by potassium 
chloride from the salt bridge. The siphon-tube dipping into the working solution was there- 
fore drawn out into a fine capillary, which was then bent into several ‘‘ waves.” 

The system was standardised before and after each potentiometric titration by use of some 
of the buffer soi:cions recommended by Hitchcock and Taylor (loc. cit.), particularly the three 
following: 0-0lmM-HCl + 0-09mM-KCl, 0-015mM-HOAc + 0-015m-NaOAc, 0-025mM-KH,PO, + 
0-025m-Na,HPO,. These authors give pg values 
at 25° and 35°. The present work was carried out 47-0 
at 20° (+ 0-2°), and the solutions were taken to 
have py’s of 2-08, 4-72, and 6-86 respectively. The 
glass electrodes had resistances of 5—8 megohms, 
and efficiencies (cf. Morton, J., 1934, 256) of 
99-0—99-5%. A thermionic valve voltmeter was 
used to measure the potentials of the cell. Placing 
a 0-001 farad condenser in parallel with the cell 
cut down electrical interference sufficiently to 
render elaborate screening of the apparatus un- iy 


necessary. The standardisation of the electrode og 






4 +60 


Xx 10” 


was apt to drift slightly during an experiment; 
pu values are reliable to within 0-03 unit over the oF 00 mG 
whole period, though neighbouring readings are : 
accurately comparable to within 0-01. 

Solutions were made in carbon dioxide-free distilled water, and titrations were carried out 
with sodium hydroxide free from carbonate and in an atmosphere free from carbon dioxide. 
In order to avoid considerable alterations in the total volume of solution, the alkali used was 
much more concentrated than the acid, and was run from a calibrated 5 c.c. microburette. 
bu Values were observed at several stages between 25% and 75% neutralisation, and finally in 
the neighbourhood of complete neutralisation in order to check the acid concentration. A 
typical experiment is recorded in Table I, some details of the computation being also shown. 
The slight increase in total volume can be neglected. The plot of X against Y is shown in the 
figure, the points lying very close to the straight line. From this line K,K, is found to be 
1-43 x 10°, and K, and K, to be 3-8, x 10 and 3-7, x 10-* respectively. 
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TABLE I. 


Titration of adipic acid (a = 0-000793; total vol. = 40 c.c.) with 
0-0194m-NaOH at 20°. 













NaOH, c.c, Pu. {H} x 10°. 6 x 10% «=I x 105. Salfr- Se X x 10% Y x 105. 
0-726 4-32 4-79 352 40 0-93 0-91 7-04 1-47 
0-944 4:47 3-39 458 49 0-92, 0-90, 4-68 0-862 
1-397 4-76 1-74 678 70 0-91, 0-88, 2-09 0-175 
1-582 4-88 1-32 767 78 0-91 0-88 1-48 0-019 
1-769 4-99 1-023 858 93 0-90 0-87 1-10 —0-096 
2-281 5-35 0-447 1106 143 0-88 0-84 0-39 — 0-262 
2-462 5-48 1194 0-83 0-28 —0-299 














In Table II the results of a number of determinations are collected. Dissociation constants 
are expressed as px (= — log K), since this preserves a more direct relationship with the p, 
values upon which they depend. For each acid the results agree to within experimental error 
(+ 0-03). For any acid the value of Ap, is more reliable than are those of the individual p,’s. 
Any desired change in the scale of pg can be made by adding the necessary correction to px. 












TABLE II. 







Thermodynamic dissociation constants at 20°. 
a xX 105. Pr, Px,: Apx. ax 10. Pr,: Px, Apx. 
Oxalic acid. Glutaric acid. 
543 1-25 4-19 2-94 105-0 4-36 5-47 1-11 
270 (1-21) 4-25 (2-95) 55-6 4:39 5-51 1-12 
81-5 _ 4:24 _ 28-0 © 4-41 5-52 1-11 











Means 1-25 4-23 4-39 5-50 













Succinic acid. Adipic acid. 
76-6 4-21 5-68 1-47 79-3 4-42 5-42 1-00 
62-1 4-19 5-64 1-45 56-4 4-40 5-42 1-02 
37-3 4-24 5-68 1-44 40-6 4-45 5-42 0-97 
18-8 4-21 5-70 1-49 Means 4-43 5-42 0-99 
4-22 5-67 1-45 








DISCUSSION. 


Oxalic acid is difficult to deal with because its first dissociation constant is so high (cf. 
Parton and Gibbons, Trans. Faraday Soc., 1939, 61, 542). In very dilute solutions the 
first stage of dissociation is almost complete; the calculation of L, M, and N is therefore 
very uncertain in the early part of the titration, and it is possible to determine only the 
second constant. At concentrations of about 0-0025m it begins to be possible to estimate 
K,, though with considerable uncertainty at less than 0-005m. Parton and Gibbons have 
measured the dissociation constants of oxalic acid, using cells without liquid junctions, and 




































the present results are in satisfactory agreement with theirs. an 

These measurements, and to a less extent the similar ones of Jones and Soper (J., 1936, CO 

133; cf. also J., 1934, 1836) on succinic, glutaric, and adipic acids, illustrate the difficulties ter 

involved in extrapolating to zero ionic strength from data obtained with cells without wit 
liquid junctions. The method retains its experimental advantage of introducing no die 

: liquid-junction potentials; but its theoretical advantage is lost when the necessary cor- 

rections for ionic dissociation become large and involve assumptions regarding such cor 

thermodynamically unsatisfactory quantities as individual ion activity coefficients. 

The results of Jones and Soper are given in Table III, where are also included those sul 
recent determinations which represent thermodynamic dissociation constants and are § in; 
based on cells with liquid junctions. (The references are to Sims, J. Amer. Chem. Soc., mol 
1926, 48, 1251; Kolthoff and Bosch, Joc. cit.; Gane and Ingold, loc. cit.; German and 
Vogel, J. Amer. Chem. Soc., 1936, 58, 1546.) The schemes of pg standardisation adopted § sor 
by these workers—in so far as they can be inferred—are not identical either with each §§ equ 
other or with that adopted here, but discrepancies from this cause will not be large. The J but 
three results italicised appear to be considerably in error. Kolthoff and Bosch’s method § thre 
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TABLE III. 
Correlation with previously determined dissociation constants. 
Acid Succinic. Glutaric. Adipic. 
Ref. Temp. px. fx, Abs. bx, fx, Abe. pry yw Apr. 
& S. occ 26° 4-16 5-61 1-45 4-34 5-41 1-07 4-43 5-41 0-98 


25 4-20 5-62 1-42 4-32 5-50 1-18 4-43 5-62 1-19 
&B. .. * 18 4:18 5-57 1-39 _ — _ 4-34 5-44 1-10 
“it. . 26 4:19 5-48 1-29 4-34 5-42 1-08 4-42 5-41 0-99 
&V, . . 2% 4-20 5-60 1-49 4-35 5-42 1-07 —_ - — 
This paper 20 4-22 5-67 1-45 4-39 5-50 1-11 4-43 5-42 0-99 





of calculation seems to involve some inaccuracies; when their data are treated in the 
manner described above (though their lowest concentrations are somewhat high for the 
purpose) values of 4-21 for px, and 5-66 for x, for succinic acid are found. 

In general, the agreement between the results obtained in the present work and the most 
probable values based on the previous data is satisfactory, and confirms the validity of 
the assumptions necessary in applying equation (1). 
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165. Chelation in the Potassiwm Compounds of Carboxylic and 
Sulphinic Acids. 


By (Mrs.) WINIFRED G. WRIGHT. 


Acid potassium compounds of benzenesulphinic, ~-toluenesulphinic, and «- and 
B-naphthoic acids are described. The first two and the last are ionised salts. 
a-Naphthoic acid, however, forms three acid potassium compounds, all showing certain 
characteristics of chelated substances. These three compounds have the composition 
1: 2,1: 1, and 2: 1 mols. of acid to mols. of normal potassium salt. The last substance 
shows most signs of chelation, having the lowest melting point and the greatest solubility 
in solvents of low dielectric constant. A chelated form of potassium p-toluenesulphinate 
is also described. 


IN a previous communication (Balfe and Wright, J., 1938, 1490) acid potassium compounds 
of a- and 6-naphthalenesulphinic acids were described, and it was evident that the com- 
pound of the a-acid was chelated, whereas that of the B-acid possessed the properties of an 
ionised salt. Analogous compounds of a- and 8-naphthoic acids have now been prepared 
and have similar properties, that of the «-acid showing the characteristics of a chelated 
compound, being soluble in benzene and chloroform, and melting at a comparatively low 
temperature, and that of the B-acid showing the characteristics of an ionised salt, charring 
without melting at a high temperature, and being insoluble in organic solvents of low 
dielectric constant. 


Further experiments are in progress with the object of determining the structure of these 
compounds. 

Action of Alcoholic Potash on «- and B-Naphthoic Acids.—As in the case of 6-naphthalene- 
sulphinic acid, addition of 0-5 equiv. of alcoholic potash to a solution of 8-naphthoic acid 
in alcohol produces a copious white precipitate of the acid and its potassium salt in equi- 
molecular proportion which recrystallises unchanged from alcohol in colourless needles. 

When 0-5 equiv. of alcoholic potash is added to a-naphthoic acid, the solution kept for 
some days without evaporation, and then evaporated in air or on a water-bath, a similar 
equimolecular compound crystallises (m. p. 163° after recrystallisation from chloroform) ; 
but if the mixture is evaporated at once, either in a vacuum or rapidly in air, a mixture of 
three acid potassium compounds is formed, viz., those in which the ratio acid : normal salt 
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is (1) 1:1, m. p. 163° (referred to as AS); (2) 2:1, m. p. 115° (AAS); (3) 1:2, m. p. 
175° (ASS). These undergo the following reactions : 


ASS in COMe, + CHCl, —> AS + S (precipitated) 
AS + A in COMe, + CHCl, —> AAS 
AS in COMe, + CHCl, (on long standing) —> AAS -+ S (precipitated) 
AS in C,H, —> AAS + ASS (precipitated). 

Action of Potassium Carbonate on a-Naphthoic Acid in Benzene Solution.—The 2:1 
and the 1 : 2 salt are also produced by adding 0-5 equiv. of potassium carbonate to a dilute 
solution of «-naphthoic acid in benzene; a flocculent precipitate of the latter salt slowly 
separates out, but if the mixture is allowed to stand with occasional stirring, until the 
potassium carbonate, which can be seen at the bottom, disappears (about 2 hours), the 
mother-liquor on evaporation yields only the 2:1 salt. Long standing, however, leads to 
formation of the normal salt in the precipitate, «-naphthoic acid being found in the solution. 
This change is probably due to dissociation of the 1 : 2 salt, for the 2 : 1 salt is unchanged by 
repeated crystallisation from benzene, in which the normal salt is insoluble. 

That the three acidic potassium compounds of «-naphthoic acid are not mixtures of the 
acid and its potassium salt, or of either of these with one or two acid salts is shown by the 
following facts: (1) All have sharp m. p.’s and although several different methods of 
preparation have been used for each substance, the m. p.’s and potassium contents have 
been constant. (2) AS and AAS are both soluble in benzene and chloroform, whereas the 
normal salt is insoluble in both these solvents. (3) ASS is not a mixture of S with either A 
or AS, because it is only slightly soluble in chloroform and not at all in benzene, whereas 
AS and the acid are very soluble in both solvents. (4) On recrystallisation from solvents in 
which one of the components is very soluble, successive fractions have the same m. p. 
All three potassium compounds of a-naphthoic acid decompose in the same manner on 
heating, melting and giving off acid vapours and then turning brown, effervescing, and 
giving off naphthalene. Since potassium «-naphthoate, on heating, melts, turns brown, 
effervesces, and gives off naphthalene, it is probable that the acid compounds break up 
into the acid and potassium salt at high temperatures, the acid subliming out and the salt 
decomposing to form naphthalene. This differs from the behaviour of the acid potassium 
compounds of «- and $-naphthalenesulphinic acid, which do not regenerate the acid when 
heated. Acid potassium «-naphthalenesulphinate, however, effervesces and gives off 
naphthalene at a comparatively low temperature (J., 1938, 1490). 

Acid Potassium Compounds of Benzenesulphinic and p-Toluenesulphinic Acids.—These 
compounds are formed in solution when the acids are half-neutralised with alcoholic potash. 
The compound of benzenesulphinic acid with its potassium salt is obtained on evaporating 
the solution to dryness, and crystallises unchanged from alcohol; and the corresponding 
p-toluenesulphinic compound crystallises in long needles on cooling the generating solution 
below 0°. 

These compounds are extremely stable, and are unchanged by long heating at 150°. 
Above this temperature they show the characteristic charring of an ionised salt, without 
melting. The acid potassium compound of #-toluenesulphinic acid, however, is very 
soluble in chloroform, the solution decomposing on standing. 

Chelation in Normal Potassium p-Toluenesulphinate.—Potassium #-toluenesulphinate 
melts on strong heating, unlike the acid salt, which chars. Moreover, it is soluble in chloro- 
form, crystallising from this solvent in long needles; if excess is present in the boiling 
solution, the undissolved salt melts under the solution to a colourless globule, which is 
found to be unchanged in composition on cooling, but the crystals so obtained cannot be 
melted again at the same temperature by heating in air, so a chelated variety is evidently 
formed, which can only exist under the chloroform solution. This phenomenon may account 
for the solubility of the acid potassium compound in chloroform, a property which is not 
characteristic of those acidic potassium compounds which char on heating. 

Potassium #-toluenesulphinate which has been melted under chloroform solidifies in the 
anhydrous form, whereas the needles which separate from the chloroform solution on cooling 
are of the monohydrate. 
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EXPERIMENTAL. 


«- and @-Naphthoic acids were purified by recrystallisation from alcohol. Benzenesul- 
phinic acid was prepared by the Friedel-Crafts reaction from benzene previously dried with 
sodium. #-Toluenesulphinic acid was precipitated from the sodium salt. 

Potassium -toluenesulphinate was described as a dihydrate by Otto and Réssing (Ber., 
1887, 20, 2088) but the crystals obtained from solution in chloroform are the monohydrate 
(Found: K, 18-53; loss at 100°, 8-6. C,H,O,SK,H,O requires K, 18-4; H,O, 8-5%). 

The acid potassium salt of B-naphthoic acid (3-5 g.) was precipitated when §-naphthoic acid 
(32569 g.), dissolved in alcohol, was half-neutralised with 35-61 c.c. of alcoholic potash, standard- 
ised by titration against B-naphthoic acid (0-2410 g. of acid = 5-27 c.c.). The precipitate was 
redissolved by boiling with more alcohol, and crystallised on cooling in fine needles (Found : 
K, 10-05. C,,H,O,,C,,H,O,K requires K, 10-2%). The substance was unchanged by heating 
at 150°, and charred without melting at a high temperature. 

Potassium Salis of a-Naphthoic Acid.—(1) Potassium a-naphthoate (1-2 g.) crystallised from a 
mixture of ASS (1-224 g.) and AAS (1-148 g.) after boiling in alcohol—benzene, in microscopic 
rectangular prisms (m. p. 240°). It was precipitated in plates when ASS was dissolved in 
acetone and chloroform added (Found: K, 18-3. C,,H,O,K requires K, 186%). It was very 
soluble in water, alcohol, and acetone, and insoluble in benzene and chloroform. It decomposed 
at a high temperature with effervescence and evolution of naphthalene. 

(2) Acid potassium a-naphthoate (AS). (i) a-Naphthoic acid (1-199 g.) was half-neutralised 
with alcoholic potash (7-73 c.c.) which had been standardised by titration with «-naphthoic acid 
(0-1977 g. = 2-55 c.c.); the mixture was kept for 2 days without evaporation, and then allowed 
to evaporate in air, colourless prisms (1 g.) being formed, m. p. 163° after recrystallisation from 
chloroform (Found: K, 10-1. C,,H,O,,C,,H,O,K requires K, 10-2%). 

(ii) «-Naphthoic acid (1-3521 g.) was half-neutralised with 8-719 c.c. of the same alcoholic 
potash, the mixture evaporated to dryness in a vacuum, the residue washed with chloroform to 
remove other acid potassium compounds, the remaining ASS dissolved in acetone, and chloro- 
form added; the precipitated potassium a-naphthoate was filtered off, and the mother- 
liquor evaporated, two fractions of AS being obtained (0-5 g.), both melting at 163° 
(Found: K, 10-1; equiv., 384. C,,H,0,,C,,H,O,K requires K, 10:2%; equiv., 382). 
The acid salt was soluble in alcohol, acetone, chloroform, and benzene, decomposing in the last 
toform AAS and ASS. It was slowly decomposed when shaken with water, to form «-naphthoic 
acid and the normal potassium salt. 

(3) Diacid potassium a-naphthoate (AAS) (0-2 g.) separated as a soapy white solid when 
a-naphthoic acid (0-588 g.), dissolved in benzene, was half-neutralised by addition of 3-68 c.c. of 
alcoholic potash (7 c.c. = 0-5589 g. of acid), and the mixture allowed to evaporate slowly. 
The substance crystallised from benzene in colourless prisms, m. p. 115° (Found: K, 6-9. 
2C,,H,O,,C,,H,O,K requires K, 7-°0%). It was also produced when a-naphthoic acid (3-2393 g.) 
was half-neutralised by addition of 35-95 c.c. of alcoholic potash (0-2478 g. of acid = 5-5c.c.) and 
the solid obtained was dissolved in acetone, and chloroform added. The precipitated potassium 
a-naphthoate was filtered off, and the mother-liquor evaporated to dryness. After recrystallis- 
ation from benzene, the crystals had m. p. 115° (Found: K, 7-05%). The same salt (0-4 g.) was 
also produced when «-naphthoic acid (0-5260 g.) was dissolved in alcohol and $ equiv. of alcoholic 
potash added; the mixture was evaporated to dryness, the residue dissolved in acetone, and 
chloroform added. There was no precipitate.of potassium a-naphthoate, and on concentrating 
the solution, AAS separated out, m. p. 115° (Found: equiv.,277. 2C,,H,O,,C,,H,O,K requires 
equiv., 277). When to a-naphthoic acid (2-0100 g.), dissolved in hot benzene (100 c.c., pre- 
viously dried with sodium), % equiv. of dry potassium carbonate (0-5383 g.) was added, and the 
«mixture boiled and setaside for 4 hours, the mother-liquor after removal of precipitated potassium 
a-naphthoate afforded the AAS salt; after recrystallisation from benzene, it had m. p. 115°. 

The diacid potassium a-naphthoate was very soluble in and stable in alcohol, acetone, 
benzene, and chloroform. It was decomposed on boiling with water into a-naphthoic acid and 
potassium a-naphthoate. It decomposed at a high temperature giving off acid fumes, and then 
effervescing and giving off naphthalene. 

(4) Acid dipotassium a-naphthoate (ASS) was formed when a-naphthoic acid (0-9181 g.) was 
half-neutralised with 5-92 c.c. of alcoholic potash (2-55 c.c. = 0°1977 g. of acid). The mixture was 
evaporated to dryness in a vacuum, and the resulting solid extracted with chloroform. The 
pure salt separated from the extract on standing in a warm place; m. p. 175° (Found: K, 
13-2. C,,H,O,,2C,,H,O,K requires K, 13-2%). The solid remaining after the chloroform 
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washing was dissolved in cold alcohol and benzene, and on evaporation a very fine precipitate 
separated, m. p. 175° (Found: equiv., 598. C,,H,O,,2C,,H,O,K requires equiv., 592). 

The same salt was also formed when a-naphthoic acid (2-086 g.) was dissolved in benzene 
(200 c.c., previously dried with sodium) and 0-5 equiv. of dry potassium carbonate (0-4198 g.) 
added. The mixture was kept for 2 hours with occasional stirring, and the flocculent precipitate 
of ASS was filtered off, dissolved in alcohol, and the solution filtered from traces of potassium 
carbonate; the solution was evaporated to dryness, and the residue dissolved in acetone; on 
addition of benzene, ASS slowly separated out; m. p. 175°. It was also produced (m. p. 175°), 
together with AAS, when AS was kept for 3 hours in benzene solution, or was boiled in benzene. 

Acid dipotassium «a-naphthoate is an amorphous white solid, soluble in alcohol and acetone 
and slowly decomposed by water into a-naphthoic acid and potassium a-naphthoate. It is 
insoluble in benzene, very slightly soluble in chloroform, and is decomposed into S and AS in 
acetone—chloroform. On heating it melts, giving off acid fumes, and finally effervesces and gives 
off naphthalene. 

Acid Potassium Salt of Benzenesulphinic Acid.—This salt was produced when benzene- 
sulphinic acid (2-440 g.) was dissolved in alcohol (10 c.c.) and half-neutralised with 11-71 c.c. of 
alcoholic potash (0-04109 g. KOH per c.c.), the mixture being evaporated to dryness and the 
residue recrystallised from alcohol (Found: K, 12-3. C,H,O,S,C,H,O,SK requires K, 12-1%). 
It is a crystalline solid, soluble in alcohol and insoluble in water and benzene. It chars without 
melting when heated. 

Acid Potassium Salt of p-Toluenesulphinic Acid.—When -toluenesulphinic acid (5-887 g.) 
was half-neutralised by addition of 40-78 c.c. of alcoholic potash (24-9 c.c. = 1-7972 g. 
of acid) and the solution cooled to 0°, large needles crystallised out (Found: K, 11-0. 
C,H,O,S,C,H,O,SK requires K, 11-1%). This salt was very soluble in alcohol and in chloroform, 
decomposing in the latter. It was slowly decomposed by hot water into its constituent acid 
and normal salt. When heated, the crystals lost their brightness and very slowly charred. 


BATTERSEA POLYTECHNIC. [Received, June 3rd, 1940.) 





166. Studies in Optical Superposition. Part IX. 1-Menthyl Esters 
of Mucic and Tetrahydroxyadipic |, o°3 4 |* Acids. 


By RoBertT W. LAPSLEY, JOHN ROBERTSON, and T. S. PATTERSON. 


By the action of acetic anhydride and a little sulphuric acid on dl-talomucic acid 
(Fischer’s “ allomucic”’ acid), tetra-acetylmucic acid and tetra-acetoxyadipic acid 
were produced. These were converted into the /-menthyl esters, the rotations of 
which have been compared. The rotations differ considerably, those of the latter ester 
being nearly 50% the higher. The results are therefore quite opposed to the require- 
ments of van ‘t Hoff’s principle of optical superposition. 


In Part VIII (J., 1927, 50) one of us with Fulton described some work in which salts of 
mucic acid and of so called “ allomucic”’ acid, with active bases, were examined in 
connection with the problem of optical superposition. 

Since then, Posternak (Helv. Chim. Acta, 1935, 18, 1283), by oxidising d-allonolactone 
prepared from the d-allonic acid of Austin and Hummoller (J. Amer. Chem. Soc., 1934, 
56, 1153), has shown that the compound prepared by Fischer (Ber., 1891, 24, 2136) from 


mucic acid, and by him named allomucic acid (m. p. 172°), does not have the structure. 


which he assigned to it. Fischer’s method of epimerising mucic acid affects, it would 
appear, mainly, or only, one of the two carbon atoms about which rearrangement might 
be expected to take place, and therefore gives an inactive mixture of d- and /-talomucic 
acids {I and II), which, separately, were prepared by him, although he did not deliberately 
make this d/-mixture from the two separate acids. 

On account of this error in regard to “ allomucic”’ acid the results described in Part 
VIII of this series do not have real bearing on the problem of optical superposition. 
The present authors have, however, now prepared a number of derivatives of mucic 


* For nomenclature, see A., 1909, i, 208. 
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acid and of tetrahydroxyadipic FRY 2.3. re acid, and have been able, in the case of ar 


l-menthy] tetra-acetyl esters, to institute a direct comparison of rotation values. 

It was necessary, before we succeeded in obtaining a suitable analogous pair of 
compounds, to prepare a number of derivatives of each acid. We here confine our remarks 
to the essential points regarding that suitable pair. The other compounds examined will 
be dealt with in the experimental part. 

Mucic acid melts at 212°, its ethyl ester at 169°, and the tetra-acetyl derivative of this, 
at 189°. Tetra-acetylmucic acid itself melts at 242°, and tetra-acetylmucyl dichloride at 
189°. J-Menthyl tetra-acetylmucate prepared from the last named by heating with 
menthol melts at 153°. 

For comparison with these derivatives of mucic acid, we prepared corresponding 
derivatives of tetrahydroxyadipic acid. Epimerisation of mucic acid was carried out 
mainly as described by Butler and Cretcher (J. Amer. Chem. Soc., 1929, 51, 2168), who 
however were under the impression that their product had the constitution assigned to it 
by Fischer. This yielded a product of m. p. 172° (taken slowly), as stated by Butler and 
Cretcher, but of 176—178° as described by Posternak, when the m. p. was taken rapidly. 
This product, according to Posternak, is the racemic form of Fischer’s talomucic acid. 
From it we prepared the ethyl ester and found it to have m. p. 137—138° as reported by 
Butler. and Cretcher. According to Posternak, only d- and /-talomucic acid are produced 
in this epimerisation, and tetrahydroxyadipic acid not at all, or only in minimal quantity. 
If tetrahydroxyadipic acid were produced in small quantity, one would expect to find it 
in the mother-liquors, after the separation of the d/-talomucic acid, but we thought that 
instead of attempting to obtain it in that way, it might be better to acetylate the whole 
of the dl-talomucic acid, obtained in any given preparation, and then to separate the 
tetra-acetyl derivative of the tetrahydroxyadipic acid from any tetra-acetyl-d/-talomucic 
acid which might have been formed. In contrast to mucic acid, however, from numerous 
experiments which we have made, dl-talomucic acid, apparently like saccharic acid, 
mannosaccharic acid and idosaccharic acid, appears to react very little with acetic anhydride 
in the presence of a little sulphuric acid. But on working up the residue from such 
acetylations a small quantity of a substance was obtained which consisted of a mixture of 
needles and plates. After mechanical separation, the needles (the more soluble portion) 
were found to melt at 242°, the melting point of tetra-acetylmucic acid, to which substance 
the needles bore a close resemblance. This was definitely shown to be tetra-acetylmucic 
acid by hydrolysis and identification of the mucic acid formed (m. p. 212°). The plates, 
on the other hand, melted at 220°, and gave on analysis the same figure as for tetra- 
acetylmucic acid. This substance, on hydrolysis gave a tetrahydroxyadipic acid melting 
at 199—200°, which was therefore different from mucic acid (212°) on the one hand, and 
from dl-talomucic acid (176—178°) on the other. 

The tetrahydroxyadipic acid (m. p. 199—200°) itself treated with ethyl alcohol and 
hydrogen chloride gave an ethyl ester melting at 155°, which on analysis gave data corre- 
sponding to those for ethyl tetrahydroxyadipate. Samples of the tetrahydroxyadipic 
acid (m. p. 199—200°), and this ester (m. p. 155°) were submitted to Professor Posternak 
in Geneva, who was good enough to compare them with his own products, and found them 
to be identical. We have pleasure in expressing our thanks to him for his kind assistance. 
It thus appeared that Posternak’s tetrahydroxyadipic acid cam be obtained from the 
product of epimerisation of mucic acid, and this might be due either to the fact that a 
small amount of this acid was formed directly in the epimerisation, or that perhaps dl- 
talomucic acid treated with acetic anhydride may be partly epimerised to mucic acid on 
the one hand and tetrahydroxyadipic acid on the other, although we know of no other case 
in which epimerisation takes place under these conditions. 

To test the latter explanation further, we treated carefully purified d/-talomucic acid 
with acetic anhydride, removed any acetylated products, repurified the residual dl- 
talomucic acid, and acetylated this again. Tetra-acetylmucate and tetra-acetoxyadipate 
were both formed, and from the residual d/-talomucic acid this process was again repeated 
with the same result; dl-talomucic acid always seemed to yield both tetra-acetylmucic acid 
and tetra-acetoxyadipic acid. By the action of thionyl chloride on this tetra-acetoxyadipic 
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acid, we prepared the corresponding chloride, m. p. 165°, and from it the ethyl ester, m. p. 
136°, and finally also the l-menthyl ester, m. p. 185—136°. 

We had thus obtained two compounds (III and IV) differing only in the arrangement, 
in pairs, of radicals about four asymmetric carbon atoms. 














_ CO,H CO,H CO,Men. CO,Men. 
HO—|—H H——OH H—/—OAc H——OAc 
HO—|—H H——OH H—|—OAc AcO——H 
HO——H H——OH H—}—OAc AcO——H 
H——OH HO——H H—}—OAc _  H--—OAc 
CO,H CO,H CO,Men. CO,Men. 
(I.) d-Talomucic (IT.) +¢ e (III.) 7-Menthyl (IV.) /-Menthyl 
[ 1. ie tetra-acetoxyadipate tetra-acetylmucate 
1. 2. 3, ey 0. os 4. 
acid. acid. 1, 2.3.4. 2.3 


According to van ’t Hoff’s principle of optical saguigueiien the rotations of these 
(III and IV) ought to be the same. 

Three different specimens of this menthyl tetra-acetoxyadipate were prepared and 
examined polarimetrically for comparison with menthyl tetra-acetylmucate. Solutions 
of approximately = 5 in benzene were used. Fuller data are given further on. The 
results at 20° for mercury green _ ® = —_ were as follows : 

l-Menthy]l tetra-acetylmucate . Rare sodieticssinids: Me 50-8° 49-9° 
l-Menthyl tetra-acetoxyadipate . adbocecoes scoccecsosee §743° 72-9° 71-1° 

It will be observed that there is a ccmaldenabe difference in the rotations of these two 
substances, and that, therefore, our results are not at all in agreement with van ’t Hoff’s 
principle of optical superposition, as has now been found in a number of somewhat similar 
cases. It is especially to be noticed that the tetra-acetoxyadipate has the higher rotation 
value. If the adipate were a mixture of mucate with some impurity, it is more likely that 
its rotation should have the lower value. 

We also prepared, incidentally, /-menthyl dehydromucate by the action of hydrogen 
chloride on a mixture of menthol and mucic acid at 165°, as well as d-sec.-octyl tetra-acetyl- 
mucate (m. p. 114—115°) and examined their rotations. We were unable to obtain 
d-sec.-octyl tetra-acetoxyadipate in a sufficiently pure condition for comparison with the 
corresponding mucate. 

The table below gives a list of corresponding compounds in the three series. It may be 
useful for reference. 


Mucic. dl-Talomucic. Tetrahydroxyadipic. 

Acid .. dihenetnbbbadiitandposcsunnwniiiabeedinbinies 212° 172° 199—200° 
Ethyl ester . Sikes thaedp savdncwndecowntes 169 137—138 155 
Ethyl tetra-acet lester iesiss Riesdpicilatis cndipistities 189 108—109 136 
MEINE neenteddsdecincrotinicccedsctsccnedse 242 220 
Tetra-acetyl acid chloride 189 165 
l-Menthy] tetra-acetyl ester . RR —- 135—136 
dl-sec.-Octyl tetra-acetyl ester .. Te ' 
d-sec.-Octyl tetra-acetyl ester ...................  LI4—115 

EXPERIMENTAL. 


Epimerisation of Mucic Acid.—Mucic acid (200 g.) was heated with pyridine (200 g.) and 
water (2 1.) for 48 hrs. at 135—140° on an oil-bath. dl-Talomucic acid was isolated through its 
barium salt, and crystallised from hot water. Yield 44 g., m. p. 172°. 

Treatment of dl-Talomucic Acid with Acetic Anhydride.—dl-Talomucic acid (25 g., once 
crystallised from water) was heated gently with acetic anhydride (65 c.c.) and a trace of sulphuric 
acid. After the initial reaction the solution was refluxed for 1 hour, cooled, and poured into 
ice-water. The crystalline solid was recrystallised from 30% alcohol. A mixture of plates and 
needles separated, m. p. 215°; yield 5-2 g. This was heated with 30% alcohol (60—70 c.c.) 
nearly to boiling and filtered. The residue consisted almost entirely of plates, which on 
recrystallisation had m. p. 218—220°. The filtrate gave a mixture of needles and plates. By 
repeating this operation several times an almost complete separation was achieved into plates 
(1-1 g.), m. p. 220° and needles, m. p. 240° (Found for the plates: C, 40-7; H, 5:4; H,O, 8-7. 
Calc. for C,,H,,0,,,2H,O: C, 40-6; H, 5-4; H,O, 8-2%). 
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Tetvahydvoxyadipic Acid.—Tetra-acetoxyadipic acid (plates, 200 mg.) was heated for 3 
hours with 3% hydrochloric acid (10 c.c.). The solution in 3 days gave a crystalline acid 
(100 mg.), m. p. 198—200°, mixed m. p. with mucic acid (212°) 203—204° (Found: C, 34-3; 
H, 4-9. Calc. for CgH,,0,: C, 34:3; H, 48%). 

Ethyl Tetvahydroxyadipate (Posternak, loc. cit.).—The acid (100 mg.) was heated for 1 hour 
in alcohol with 2% of hydrogen chloride. White brilliant plates were obtained from alcohol; 
m. p. 155°, mixed m. p. with ethyl mucate (169°) 145—146° (Found: C, 45-3; H, 6-6. Calc. 
for CygH,,0,: C, 45-1; H, 6-8%). 

Tetra-acetoxyadipyl Dichloride.—The tetra-acetyl acid (4 g.) and thionyl chloride (60 c.c.) 
were heated together in toluene (40 c.c.) for 6 hours. When the mixture was vacuum-distilled 
to 20 c.c., the dichloride crystallised in fine needles, m. p. 155—160°. Recrystallised from 
petroleum (b. p. 120°), it had m. p. 165°; yield, 2-7g. (Found: C, 40-4; H, 3-85. C,,H,,0,,Cl, 
requires C, 40-5; H, 3-85%). 

Ethyl Tetva-acetoxyadipate-—The tetra-acetyl dichloride (560 mg.) was heated with alcohol 
(0-5 c.c.) in benzene (5 c.c.) for 1 hour. When the solvent was driven off, and the residue 
crystallised from alcohol, plates, m. p. 136°, were obtained (Found : C, 49-0; H, 5-8. Cy gH,,0;, 
requires C, 49-8; H, 6-0%). 

Ethyl Tetva-acetyl-dl-talomucate.—Ethyl dl-talomucate (5 g.) reacted readily with acetic 
anhydride (21 c.c.). After 14 hours’ refluxing, the mixture was poured into ice-water. A solid 
product was obtained, m. p. 106°, which after recrystallisation from aqueous alcohol yielded 
needles (6-5 g.), m. p. 108—109° (Found: C, 49-5; H, 5-7. C,gH,,0,, requires C, 49-8; H, 6-0%). 

1-Menthyl Tetra-acetylmucate.—Tetra-acetylmucyl dichloride (500 mg.) and /-menthol 
(500 mg.) were heated together at 125° until evolution of hydrogen chloride ceased. A poor 
yield was obtained, of a product which, crystallised from methyl alcohol, had m. p. 153°. 
Methods employing various solvents gave no better results. This agrees with the results of 
Karijone and Morotomi (Chem. Absir., 1929, 4193). 

1-Menthyl Tetra-acetoxyadipate.—Tetra-acetoxyadipyl dichloride (2-7 g.) was added slowly 
to l-menthol (3 g.) and heated at 125—130° until the evolution of hydrogen chloride ceased, 
On cooling, a solid was obtained which, crystallised from methyl alcohol, had m. p. 135—136° 
(Found: C, 62-3; H, 8-3. C,,H,,0,, requires C, 62-4; H, 8-3%). 

dl-sec.-Octyl Tetra-acetylmucate.—Tetra-acetylmucyl dichloride (1 g.) was heated in benzene 
(10 c.c.) with dl-sec.-octyl alcohol (0-6 c.c.) for 8 hours. On evaporation of the benzene a semi- 
crystalline mass was obtained. Crystallised from methyl alcohol, it gave plates, m. p. 102— 
103° (Found: C, 59-4; H, 8-4. C,,H;,0,, requires C, 59-8; H, 8-3%). 

d-sec.-Octyl Tetva-acetylmucate-—Prepared as for the dl-compound, d-sec.-octyl alcohol 
({«]$%e. + 11-7°) being used, this ester, after six crystallisations from methyl alcohol, formed 
plates, m. p. 114—115° (Found: C, 59-8; H, 8-5. C,,H,,O0,, requires C, 59-8; H, 83%). 

We were unable to isolate /-sec.-octyl tetra-acetoxyadipate in a crystallisable condition. 

Rotation Data.—Colours of light used : 


1% %s y g b v 
6716 6234 5790 5461 4916 4359 


1-Menthyl tetra-acetylmucate in benzene. 1-Menthyl tetra-acetoxyadipate in benzene. 
(I) = 5-6, ¢ = 20-05°, a = 0-8889. (I) p = 49114, ¢ = 20-05°, a” = 0-8891. 
a™® (2 = a®®” (J = at (J = a (} == 
75 mm.). [a]®®. 75mm.). [a]®®°. 75mm.). [a]®®. 75 mm.). [a], 


7, —1:20° —321° g —1-86° —49-9° 4, —1-55° —47-33° g —2-43° — 74-2° 
% —140 -3756 6 —242 649 %, —175 53-44 6 -—313 — 95-6 
y —1-66 —455 ve —3-10 —83-1 y —2:14 —6534 v —402 —122:8 

(II) p = 4-028, ¢ = 20°, d** = 0-8898. (Il) p = 2-478, # = 20°, d® = 0-8861. 

a (ij = a®® (7 = a’ (] = a? (7 = 

100 mm.). [a]®®. 100 mm.). [a]®®. 100 mm.). [a]®®. 100 mm.). [a]. 
7%, —1-23° —34-3° & —1-82° —860-79° vy, —1:04° —47-3° g —1-60° — 72-8° 
%  1=.+—1-40 —39-1 — 2-36 — 65-87 % «=+%+—1-18 — 653-7 b —2-04 — 92-9 
y —1-60 — 44-5 y —141 —642 vo —-274 —1248 

(III) » = 3-980, ¢ = 20-05°, d = 0-8890. (III) p = 4-9017, ¢ = 20-05°, d*” — 0-8967. 

at (] = at (J = at” (7 = a” (j = 

100 mm.). [a]*®. 100 mm.). . 100mm.). [a]. 100 mm.). [a}*®. 
Yr, —1:10° —31-2° g —1-76° ¥, —1-23° —45-61° g —1-82° — 71-0° 
% —130 —3659 6b —2-25 %, —140 —652-5 6 —2:36 — 90-5 
y — 1-50 —42-57 v —2-93 — 1-60 —61-9 v — 3-36 — 1281 
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1-Menthyl dehydromucate in chloroform. p = 3-49. 
y- g- v. 


d. a (160 mm.). [a]. a. [a]. a. [a]. 
1-535 — 543° —65-05° —6-20° —74-3° —10-24° —122-7° 
1-4692 5:34 64-87 6-09 74-05 10-05 122-2 
1-466 5-18 63-75 5-99 73-26 9-73 120-8 
1-451 5-19 64-44 5-90 73-26 9-73 120-8 
1-431 5-08 63-82 5-80 72-86 9-53 119-2 
1-4139 5-06 64-46 5°75 73-27 9-43 120-1 
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James Fleming Scholarships of Glasgow University. 
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167. Studies in the Composition of Coal: Extraction of Coal with 
Quinoline. 


By R. BELCHER and (the late) R. V. WHEELER. 


The estimation of the proportion of resins and hydrocarbons in coal is hindered 
by the difficulty of extracting them completely. Quinoline as a primary solvent is 
found to have no advantage over pyridine in either the rapidity or the completeness 
of extraction. If technical quinoline is used in daylight, there is introduced a liability 
to photochemical synthesis of material likely to be confused with the true extract. 


Resins and hydrocarbons form only a small proportion of the material of coals but their 
effects on the properties of coals, ¢.g., caking properties, are disproportionately great. 
In the rational analysis of coals (Cockram and Wheeler, J., 1937, 700) the resins and 
hydrocarbons are extracted with pyridine, and the crude extract is resolved by further 
extractions with chloroform, ether, and light petroleum. The purpose of the preliminary 
extraction with pyridine is to set free the resins and hydrocarbons, which cannot be 
extracted directly by highly discriminating solvents. The pyridine is believed to exert 
more than a purely solvent action and to peptise much of the ulmin component of the coal. 

A common alternative method of resolving the coal is by extraction with benzene 
under pressure, at, say, 275°. This method has been criticised on the ground that coals 
of low carbon content may decompose to some extent during the extraction. 

It seems that neither process extracts the resins and hydrocarbons completely, for the 
amount of these materials extracted is increased by grinding the coal very finely, to micron 
size (Fischer et al., Brennstoff-Chem., 1932, 18, 364; Sherburn, Safety in Mines Research 
Board Annual Report, 1934, p. 58). Also, Bakes has obtained resin and hydrocarbons 
from that fraction of a coal undissolved by pyridine by subsequent extraction with benzene 
under pressure (Fuel Research Board Technical Paper No. 37). 

The residue after extraction by pyridine or benzene may be from 60 to nearly 100% 
according to the nature of the coal. It would be an advantage, in order to ensure the 
complete extraction of the resins and hydrocarbons, to bring as much as possible of the 
coal into solution or pseudo-solution before resolving the extract into these constituents. 
Attempts have been made to complete the solution of the coal by the use of high-boiling 
solvents. Vignon (Compt. rend., 1914, 158, 1421) reported a yield of 47% of soluble 
material by treating a certain coal with boiling quinoline, whereas pyridine extracted only 
17%. The greater extractive power of quinoline than of pyridine, and the apparent 
inability of pyridine to extract the whole of the resins and hydrocarbons from coal of 
convenient fineness, suggested that quinoline might prove a more efficient preliminary 
solvent than pyridine. 





















[1940] Extraction of Coal with Quinoline. 867 


EXPERIMENTAL. 


Extractions have been made both with “ technical ’’ quinoline and with pure quinoline 
(for which we are indebted to Dr. E. Moehrle, of Duisberg-Meiderich). Before use, the 
“technical ’ quinoline was dried over sodium hydroxide and distilled; the fraction of b. p. 
230—240° was redried and redistilled. The pure quinoline was used without any pre-treatment. 

The coal to be extracted, after partial drying by exposure to the air, was carefully ground 
so as just to pass through a 20-mesh I.M.M. sieve, that part remaining on a 100-mesh sieve 
being used. Before extraction, the ground coal was dried for 8 hours in a vacuum oven at 
100°. 20 G. were weighed into a stoppered jar, covered with quinoline, and kept overnight. 
The coal (which had not swelled appreciably) was then transferred to an alundum thimble, 
which was plugged with glass-wool and immersed, to above the level of the coal, ‘in 500 c.c. of 
quinoline boiling in an atmosphere of carbon dioxide. The solvent was changed periodically, 
and the coal in the thimble was well stirred at each renewal. 

The quinoline extract was fractionated by the scheme elaborated by Cockram and Wheeler 
(loc. cit.), which may be represented as follows : 
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The first experiments were made with the technical quinoline. The yield of extract was 
notably high, amounting, with coal from the upper Bright Bench of the Barnsley seam from 
the Hatfield Main Colliery, Yorkshire, to 84% of the original coal, as compared with only 26% 
extracted by pyridine. A weight balance was not struck in this experiment, but in a subsequent 
experiment on the same coal, extracted by quinoline at a temperature of only 120°, the 
recovered extract weighed 90% and the residue 60% of the weight of the original coal. This 
showed that synthesis was occurring during the extraction of the “ soluble’ material. 

The synthesis appeared to be the result of a photo-chemical reaction between the quinoline 
and its impurities. Synthesis occurred during the extraction with the technical quinoline in 
the daylight, but not in the dark; it did not occur with pure quinoline either in the dark or 
in daylight (see note, p. 868). 

A sample of the same coal was extracted exhaustively in parallel tests with pure quinoline 
and with pyridine to assess the relative efficacies of the solvents. Each extract was fractionated 
by light solvents in the usual way. The y,-fractions were treated with Robinson’s reagent 
(J., 1925, 127, 68) to separate oxygenated material from hydrocarbons. The residual hydro- 
carbons were then treated with Manning’s reagent (J., 1929, 1014), to remove unsaturated 
and aromatic hydrocarbons. The carbon and hydrogen contents of the recovered fractions 
were determined. The results of the extraction and analyses are given in the tables. 

Discussion.—It is evident that the greater amount of extract obtained by means of 
quinoline as compared with pyridine lay in an increased yield of the 8-fraction (which is 
ulmic in nature), and was presumably the result of its greater peptising action. The y,- 
and y,-fractions (hydrocarbons and resins) were similar in amount to those obtained when 
pyridine was the primary solvent. The ultimate and chemical compositions of the +,- 
fraction yielded by the two extractions were similar, but the y,-fraction in the quinoline 
extract contained about 1% less carbon than the same fraction in the pyridine extract, 
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The extractions, by either primary solvent, of resins and hydrocarbons appeared to be 
equally complete, for when the residue from the pyridine extraction was further extracted 
by quinoline, or vice versa, no additional extract was obtained. 






Comparison of weights of extracts obtained by pyridine and quinoline, % of original 













coal. 
Fraction. 
Duration of Crude A —~. ~ 
extraction, hrs. extract.  - (by diff.). y- Yr Ye. = ¥a~_ (by diff.). 












9-01 
13-80 






15-35 
40 18-67 
20-92 












Quinoline. 






20 14-0 10-6 3-4 —_ — — 

40 23-25 17-45 5:8 _ — —- 

80 30-0 — _— —_ —_ — 
200 34-6 26-89 7-71 2-59 2-40 2-72 












Composition of y,-fractions, % of original coal. 







Total Oxygenated Unsat. and aromatic Sat. 
Primary solvent. y1-fraction. material. ror (by diff.). hydrocarbons. 
PYTIGIMC 660 ceecrcccccsccccecs 2-42 0-48 0-93 1-01 
| OS SP eee 2-59 0-68 1-21 0-7 









Ultimate analysis of extracts. 
“wer Quinoline. 





1 C, %. H, % C, %. H, %. 

| ¥1-Fraction : 

Oxygenated material ... ccccescces §6=— BAB 7-0 84-5 7-2 

T Residue after removal of oxygenated m material enscuseee 87-2 8-7 86-9 9-0 

| Saturated tytiocerben poses OnE | 12-0 87-2 12-1 
¥o-Fraction ......... coccceeccocccccscccccccccecccccccccccccss §6—-OS 6-5 84-0 6-6 





| Quinoline has therefore no advantage as a primary solvent over pyridine as regards 
i the extraction of resins and hydrocarbons from coal. Indeed, in spite of its higher boiling 
} point, it is somewhat slower than pyridine in extracting these materials from coal. More- 
i over, if impure, it may give erroneous results due to photochemical synthesis. - 


Note on the Photochemical Synthesis in Quinoline—That in the extraction of coal with 
technical quinoline the total amount of extract and residue was much greater than the amount 
of coal extracted shows that part of the “ extract ’’ must have been synthesised from the 
solvent. John (Ber., 1926, 59, 1) obtained (presumably at room temperature) a small yield 

5 of resin when quinoline was exposed to light in the presence of anthraquinone. His work 
| suggested that the explanation of the synthesis during extraction with quinoline might be 
} sought in a photochemical reaction between the quinoline and its impurities. 
To verify whether the technical quinoline of itself would react photochemically, presumably 
with its impurities, 500 c.c. of each of several samples were heated for a week, in the dark and 
in daylight, at 120° and 240°. The effect of adding calcined anthracite (which itself can exert 
catalytic action) was also investigated. The results are given in the following table. 





























} Calcined Material Portion soluble 
f | Temp. anthracite. Conditions. synthesised, g. in CHCl,, g. 
| 120° —- Absent Exposed to light 2 a 

i 240 Ps io os 5 4:8 
- 120 Present Mm * 2-8 2-7 

i 120 Absent In dark 0-11 0-11 
HF 240 Present re 0-12 0-10 





| The quantity of material synthesised in the light is appreciable even at 120°, and rise of 
F . temperature to 240° more than doubled the amount. When calcined anthracite was present 
the yield was increased, but the effect may have been due to variation in the intensity of the 
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light between the different experiments. The amount of synthesis in the dark was small and 
was not significantly affected by the presence of anthracite. 

The material synthesised at 240° in the presence of light was fractionated by the Cockram- 
Wheeler method, with the following results, expressed as % of the synthesised material. 


y-Fraction. yi:-Fraction. y,-Fraction.  ,-Fraction. 
98-0 4-832 ° 13-8 79-4 
1-6 fT 
* Oxygenated material. {1 Residual y,-fraction. 


Experiments with pure quinoline. The above experiments were repeated on 500 c.c. of a 
sample of pure quinoline, with the following results : 


Calcined — Portion soluble 
anthracite. Conditions. Product,g. in CHCl,,g. ~~ 
Absent Light 0-12 0-12 
a o 0-17 0-17 
Present ia 0-17 0-17 


It is evident that inappreciable photochemical synthesis occurs with the pure quinoline. 
The synthesis from the technical quinoline must therefore be due to impurities. Which of 
them caused the synthesis has not been ascertained. 


Thanks are due to the Safety in Mines Research Board for permission to publish this paper. 


SAFETY IN MINES RESEARCH BOARD LABORATORIES, 
SHEFFIELD, [Received, June 3rd, 1940.]} 





468. The Refractivity of Formamide. 
By GILBERT F. SMITH. 


Measurements have been made of the refractive indices of formamide at 20° 
for twenty wave-lengths in the visible spectrum. The refractive dispersion can be 
represented by a simplified Ketteler-Helmholtz dispersion formula containing one 
variable term, but it is unlikely that this equation will apply unchanged to other 
regions of the spectrum. 


WHEN a pure specimen of formamide was first obtained (Smith, J., 1931, 3257) it seemed 
desirable to measure certain of its physical properties, among these being refractivity. At 
this time there had been developed in Cambridge a new and highly accurate technique 
for the determination of refractive indices, and the late Professor T. M. Lowry kindly placed 
his apparatus at the author’s disposal. A number of measurements were therefore made 
in both the visible and the ultra-violet region of the spectrum, and although it has not been 
possible to complete those in the latter region, the results in the visible are now recorded. 

In the table are given the data for 20 wave-lengths from 6708 to 4358 a., thus covering 
practically the whole range over which visual observations are possible. The refractive 
indices (col. 2) were measured with an improved Pulfrich refractometer, which had been 
calibrated against quartz for 30 wave-lengths (Lowry and Allsopp, Proc. Roy. Soc., 1931, 
A, 188, 26). The accuracy of the determinations is about one unit in the fourth decimal 
place, although an additional figure is included in the table. 


The Refractivity of Formamide (m. p. 2-55°). 


20°, 20°, Diff. 
A. obs. calc. x 10%. [Rzja. A. 
Li 6707-86 1-44367 1-44394 -—2-7 10-550 Cu 5220-06 
Zn 6362°34 1-44518 1-44525 —0O-7 10-581 Cu 6105-55 
Li 6103-6 1-44641 1-44643 -—0-2 10-606 Ba 4934-10 
Na 5895-93 1-44754 1-44750 +0-4 10-629 Zn 4810-53 
Hg 5790-66 1-44817 1-44810 40-7 10-642 Cd 4799-91 
Cu 5782-15 1-44815 1-44816 —0O-l 10-642 Zn 4722-16 
Cu 5700-24 1-44849 1-44865 —1-6 10-649 
Ba 5535-5 1-44983 1-44972 +1-1 10-676 
Ag 5471-51 1-45011 1-45020 -—0-9 10-682 
Hg 5460-73 1-45028 1-45024 +04 10-685 
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As might be expected, the refractive dispersion of formamide can be represented by a 
simplified Ketteler-Helmholtz dispersion formula containing one variable term. The most 
satisfactory equation was found to be m* = 1-63709 + 0-4156122/(a2 — 0-03230), where 
2 is expressed in py. The figures in col. 3 show that this equation can reproduce the ex- 
perimental dispersion curve with some accuracy, although there are indications of systematic 
deviations in the region of wave-lengths 4934—5220 a. The equation predicts a character- 
istic vibration frequency for the formamide molecule in the extreme ultra-violet, correspond- 
ing to a wave-length 2, of about 1800 A. This suggests that the equation is unlikely to 
be valid outside the range of the visible spectrum, and that additional terms will probably 
have to be added before it can be applied to the ultra-violet, for it has usually been found 
(Lowry and Allsopp, loc. cit.; Allsopp and Willis, ibid., 1936, A, 153, 379) that it is only 
when the characteristic frequency lies in the far Schumann region that the dispersion in 
both the visible and the ultra-violet can be represented by an equation containing a single 
variable term. 

Included in the table are values for the molecular refractivity, calculated from the 
Lorentz—Lorenz formula [R,] = (nm? — 1)M/(n? + 2)d, the density of formamide being 
taken as 1-13339 at 20° (Smith, Joc. cit.). Previous determinations of the refractive indices 
for five different wave-lengths were made by Briihl (Z. physikal. Chem., 1895, 16, 193) 
and by Schmidt (sbid., 1907, 58, 522). Briihl gave [Rz]p = 10-59, and Schmidt gave 
10-56. Both of these are appreciably lower than the present value of 10-629. Schmidt 
also gave 1-44341 as the refractive index for the red lithium line at 20°; this differs 
by less than three units in the fourth place from the present value, which is somewhat 
surprising since his sample of formamide appears to have been seriously contaminated, 
for it had d 1-1394, which is over 0-5% too high. 


The author is indebted to Mr. C. B. Allsopp for help with the experiments. 
THE UNIVERSITY, LEEDs. [Received, June 6th, 1940.) 





169. The Relation between the Coefficient of Thermal Expansion and 
Structure of Solutions. 


By ROBERT WRIGHT. 


The coefficient of thermal expansion of a solution of a polar solute in a less polar 
solvent is to a large extent independent of the concentration. This phenomenon may 
be explained on the assumption that in concentrated solutions the molecules of the 
polar solute are linked together to form a continuous mesh-work which extends 
throughout the solution; so that the system may be compared to a porous substance 
containing a certain amount of free liquid inside the pores. 


WHEN a physical property of a binary solution is plotted against the composition, the 
resulting curve is as a rule continuous; but the coefficients of thermal expansion of certain 
salt solutions appear to be exceptions to this general rule, in that they are to a large extent 
independent of the concentrations of the solutions. Kremers in a series of papers (Pogg. 
Ann., 100—114) studied the relation between temperature and volume for a number of salt 
solutions and the following results for sodium iodide, which are typical, are taken from his 
work (Landolt—Bérnstein, ‘‘ Tabellen,’”’ 1923, 240). 


Increase in volume, in c.c., of solutions of sodium iodide with temperature. (Each solution 
occupied 100 c.c. at 19-5°. The concentrations (c) are given in g.-mols./kg. of solvent.) 


Diff. 
a. 40°. 60°. 80°. 60°~80°. 
0 (pure water) 0-612 1-528 2-721 1-193 
2 0-928 2-000 3-234 1-234 
4 1-088 2-240 3-488 1-248 
6 1-160 2-346 3-600 1-254 
8 1-176 2-380 3-624 1-244 


1-180 2-380 3-614 1-234 
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As the concentration increases, the thermal expansion of the solution tends to become 
constant, especially over the range 60—80° ; in this region the temperature of the solution is 
sufficiently removed from that of maximum density, in the neighbourhood of which the 
thermal expansion of water and of aqueous solutions is abnormal. If therefore the 
coefficient of thermal expansion of the solution is plotted against the concentration, the 
resulting curve will show a flat, or almost flat, portion. 

In the present investigation the coefficients of thermal expansion of a number of solutions 
have been determined between 25° and 78°. The lower temperature is not as far removed 
from the region of irregular aqueous expansion as is desirable, but it was employed for con- 
venience. The higher temperature (alcohol vapour bath) is sufficiently below the boiling 
points of the solutions. The solvents employed were water and toluene, which are suitable 
for the temperature range chosen and differ widely in their physical properties. The 
solutes in water were of both types, electrolytes and non-electrolytes, but those in toluene 
were of necessity of the latter type only. The results obtained are given in the following 


tables and are of an accuracy of the order of 3%. The coefficient found for water was 
46-7 x 10°, and for toluene 119 x 10°. 


Coefficients of Cubical Expansion ( x 10°) of Solutions between 25° and 78°, 
c (g.-mols. /kg. of solvent). 


4. 5. 6. 8. , 


Aqueous salt solutions. 
35 32 
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Solutions of organic compounds in toluene. 
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12 —- — _- — — 
123 125 125 124 125 125 
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Discussion we see that the 
coefficient of expansion at first changes as the concentration of the solute rises, but later 
tends to a value which remains constant over a considerable concentration range. Potas- 
sium nitrate is not soluble enough for the coefficient to reach the steady value, and with 
very soluble salts, such as the thiocyanates of ammonium and potassium, a change in the 


value of the coefficient is again to be noted at the higher concentrations. With most salt 
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solutions the coefficients are greater than that of pure water, but with the chlorides and 
bromides of lithium and ammonium they are less. 

Quite different results are found with aqueous solutions of non-electrolytes: here the 
coefficient increases continuously with concentration, the property-composition curve being 
of the general type obtained with binary solutions. 

With toluene as solvent we find again the two types of result. Flat portions of the 
property—composition curve are found with the solutes acetic acid, propionic acid, and 
propyl alcohol, though in each of these cases the constant value of the coefficient is not far 
removed from that of the pure constituents. With all the other solutes the value of the 
coefficient changes with the composition of the solution. 

Considering the results as a whole we arrive at the general conclusion : When there is a 
considerable difference in polarity between the two constituents of the solution, the 
coefficient of thermal expansion remains unchanged over a range of concentration, but if the 
polarities of the two constituents are approximately equal then the coefficient varies 
continuously with the composition of the solution. 

Now if we have a concentrated solution of a polar solute in a less polar medium the polar 
molecules will link themselves together and—provided the concentration be high enough— 
will form a continuous cellular mesh-work throughout the solution. The formation of 
such a mesh-work, coupled with the assumption that the polar molecules solvate themselves 
with the molecules of the less polar solvent, may be used to explain the constant nature of the 
coefficient of expansion of such solutions. 

If we consider a mass of porous material such as a piece of coke or a sintered-glass disc, 
the overall coefficient of thermal expansion of the system will not be affected by the presence 
of a certain amount of liquid heldin the pores. This will be true even if the coefficient of the 
porous material is less than that of the liquid, provided only that there is not more liquid 
present than will fill the pores. _The same reasoning will hold good even if the porous 
material is not rigid; for example, we may consider, instead of the piece of coke, a sponge 
or a test-tube containing slightly moistened coarse sand. 

It will be seen that there is a similarity between the porous system described and that 
postulated for a concentrated solution of a polar solute such as salt in water. So long as the 
solution is dilute, the molecules of the solute move freely through the solution, but with 
higher concentration we get a cellular structure of hydrated solute molecules linked together 
throughout the solution, the pores being filled with free solvent. On further addition of 
solute it will combine with some of this free solvent, thus causing a decrease in size of the 
pores but not altering the coefficient of expansion. When all the free water has been used 
by the added solute, further addition of the latter will of necessity change the composition 
of the cellular mesh-work and therefore alter its physical properties. We have thus three 
stages in the formation of the cellular structure: (1) When there is large excess of solvent 
and the hydrated molecules, or ions, move freely through the liquid; during this period the 
coefficient of expansion changes with the concentration. (2) Whenthe cellular structure has 
been formed and contains free water in its pores; during this period the further addition 

of solute will simply decrease the amount of free water and will not affect the coefficient of 
expansion. (3) When all the free water has been used up, further addition of the solute 
will change the composition of the porous material and hence alter its coefficient of expansion. 
This hypothesis of the changes in structure of a salt solution with change of concentration 
is not to be regarded as strictly accurate. It is probable that some change in the nature 
of the cellular mesh-work takes place with each addition of solute, but that the change is 
slight so long as there is excess of free solvent ; hence, instead of there being an absolutely 
flat portion of the property-composition curve, there is a slightly marked maximum or 
minimum. 

When the two constituents of the solution are non-polar or are of equal polarity the 
possibility of forming such a cellular structure does not exist, and hence the coefficient of 
expansion of such a system will vary continuously with its concentration. 

Although the polar solute is postulated as forming a mesh-work throughout the solution, 
the latter is still homogeneous, and is not to be regarded as a two-phase liquid system; a 
concentrated solution differing from a dilute one only in that with the first the solute mole- 
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cules are linked together, whereas with the second they are free. Since the solution is 
homogeneous, we do not get a discontinuity in the vapour pressure-composition curve, 

which is a characteristic of a two-phase liquid system. The presence of a cellular mesh- 
work should increase the viscosity of a solution, and concentrated salt solutions are more 
viscous than pure water, though dilute ones often show a smaller viscosity than that of the 
solvent. When purewater isfrozen, large ice crystals extend throughout the system, but the 
freezing of a salt solution results in the formation of a paste of small ice crystals. Such 


behaviour may be taken as additional, though not conclusive, evidence of the existence of 
a cellular structure in the solution. 


EXPERIMENTAL. 


The solutions were prepared by direct weighing, except that, lithium salts being deliquescent, 
the halide solutions were titrated with standard silver nitrate, and the concentration of the 
nitrate solution was determined from the value of its refractive index. 

Measurements of thermal expansion were made by means of a small silica tube of about 5 c.c. 
capacity having a straight capillary stem about 2 cm. long. The rinsing and filling of the tube 
were Carried out by means of a small separating funnel to which the silica tube was attached by a 
rubber stopper. The solution in use was placed in the funnel, which with the attached silica 
tube was submitted to a series of evacuations and readmissions of air at the filter-pump. By this 
means the tube was completely filled with the solution, and at the same time any air dissolved in 
the solution was removed. The tube, with the funnel still attached, was left in a thermostat 
at 25° for about } hour, then removed, disconnected from the funnel, dried, and weighed. The 
heating chamber for the higher temperature consisted of a copper test-tube (about 20 cm. long 
and 2 cm. in diameter), held by means of a well-fitting rubber stopper in a small copper heating- 
jacket. This jacket, which contained boiling ethyl alcohol, was fitted with a side tube to which 
was connected a reflux condenser, the upper end of which was attached to a simple form of 
pressure regulator by means of which the temperature of the bath could be held exactly at the 
desired temperature. The open end of the test-tube in the heating-jacket was closed by a cork 
fitted with a thermometer. 

The silica tube, after its first weighing, was placed in a test-tube which was about 1 cm. 
shorter than the silica tube, the whole was then lowered by means of a thread into the heating 
chamber, the thread being held in position by means of the thermometercork. The thermometer 
was now kept under observation till the temperature rose to 78°, and this was kept constant for 
about 20 mins. by manipulation of the pressure regulator. During this heating some of the 
liquid was expelled from the silica tube and collected in the glass test-tube. At the end of 
20 mins.’ heating at constant temperature the thermometer was removed, and the test-tube 
containing the silica tube raised by means of the thread till the jet of the silica tube was high 
enough to be wiped with a piece of filter-paper, thus removing the last drop of the expelled 
solution; the silica tube was then removed from the heater, cooled, and weighed. 

There are two main sources of error in the process. During the filling of the tube at the filter- 
pump the evacuation process, as well as removing dissolved air, will also remove some solvent 
vapour so that the solutions become more concentrated. Secondly, if the solution is left for too 
long in the heating jacket loss may take place through evaporation; on the other hand, if the 
time is too short the system will not reach thermal equilibrium. On raising the silica tube from 
the heater there should always be a drop of expelled liquid remaining on the jet to be removed 
by the filter paper; if the level of the liquid is below the tip of the jet the result should be 
neglected. Asa rule 20 mins.’ heating at constant temperature sufficed. 

In calculating the coefficient of expansion, the change of volume of the silica tube between the 
two temperatures was considered small enough to be neglected. If W, and W, are the weights of 
liquid which filled the tube at 25° and 78° respectively, and if p is the density of the liquid at the 
higher temperature, than the volume of the expelled liquid at the higher temperature is 
(W, — W,)/p and that of the tube is W,/p. Hence the coefficient of thermal expansion of the 
liquid between 25° and 78° is given by the expression (W, — W,)/53W,. 


GLasGow UNIVERSITY. [Received, April 11th, 1940.] 
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170. Free Radicals and Radical Stability. Part VIII. The Stability 
of Formates and the Reduction of Triarylcarbinols. 


By SypNEyY T. BowpeN, D. LESLIE CLARKE, and WILLIAM E. Harris. 














The general problem of the reducibility of triarylcarbinols has been examined with 
particular reference to the thermal stability of formates. The order of resistance to 
the thermal decomposition H*CO,R —> RH + CO, may be represented (R =) : 
methyl > benzyl > benzhydryl > triphenylmethyl < diphenyldiphenylylmethyl < 
diphenylnaphthylmethyl. The radical stability increases throughout this series, and 
the inversion of the stability relationships at the triphenylmethyl member shows 
clearly that two fundamentally different mechanisms are involved, viz., intramolecular 
change in the colourless homopolar formates, and ionic interaction in the coloured 
polar formates. 

The influence of substituents has been further examined by comparing the rates of 
decomposition at 77°. The most easily reduced carbinols are those containing 
o-methoxyl groups, and the influence of ~-methoxyl is also strongly favourable. 
Although m-methoxyl exerts a very slight favourable influence in the early stages of 
the reaction, the over-all effect is strongly inhibitory and the yield of m-methoxytri- 
phenylmethane is relatively low. These features are also apparent in the behaviour 
of dimethoxy- and trimethoxy-triphenylmethyl derivatives. Replacement of one of 
the phenyl groups by a diphenylyl, naphthyl, or acenaphthyl group raises the decom- 
position temperature and lowers the rate of reduction. This is attributed to normal 
electronic influences and to steric factors. 

It is shown on experimental and theoretical grounds that no simple connexion 
obtains between the basicity of a carbinol and its reducibility as indicated by the 
formic acid method. 
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ALTHOUGH little direct evidence is available, it appears that the course of reduction of 
certain highly arylated derivatives is intimately connected with the unimolecular stability 
and other properties of the radical complex. The reduction of triphenylmethane dyes 
and related carbinols by vanadous chloride has been studied by Conant and Bigelow 
(J. Amer. Chem. Soc., 1931, 53, 676), who found that the first product of the reaction is the 
free radical, which may be isolated under certain conditions but usually suffers further 
rearrangement to form a Tschitschibabin type of compound or undergoes partial reduction 
in the presence of acids to produce the corresponding methane: 2R + H* = RH + Rt. 
According to Kny-Jones and Ward (J., 1930, 536), the reduction of xanthydrol and 
xanthydryl chloride by alcoholic hydrochloric acid and alcohol, respectively, proceeds via 
the ethyl ether : 


<(o>cHal ae ova cH A -0—Chme—H wre o<ett <>CH, 


The development and subsequent Penal of a yellow-green colour in these experi- 
ments is taken as evidence of the presence of the xanthyl ion corresponding to the free 
xanthyl radical, which Conant and Sloan (J. Amer. Chem. Soc., 1923, 45, 2468) were able 
to isolate in the impure state. 

A few general observations on the reducibility of triarylcarbinols were made by Baeyer 
and Villiger (Ber., 1902, 35, 3013), who found that zinc and acetic acid effect reduction of 
4:4’: 4”-trimethoxytriphenylcarbinol more rapidly than the unsubstituted derivative. 
The reduction of triarylcarbinols by hot formic acid has been examined by Kauffmann 
and Panwitz (ibid., 1912, 45, 766), who obtained rough estimates of the speed of reduction 
from the time required for the decolorisation of the boiling solution. Failing to observe 
any simple relationship between the so-called reducibility of the carbinol and the basicity, 
they suggested that a connexion may exist between the former and the halochromic 
properties as reflected in the colour of the triarylmethyl salts. The formation of triaryl- 
methanes by the action of formic acid on carbinols has been investigated from the 
preparative standpoint by Guyot and Kovache (Compt. rend., 1912, 154, 120; 1912, 155, 
883), who showed that the reaction may be used for the estimation of carbinols. 
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In order to trace the connexion between the stability of the radical complex and the 


thermal stability of the formate we have determined the decomposition temperatures of 
the following series : 


Formate. Colour. Decompn. temp. Radical stability.* 
BUEEE  cecserccspovcncsdnccosccccscconsccccccscce | GIIND >440° Very small 
BEE dhdebcintensncddccecevércsdicstonssonecnses SEE 320 Very small 
Benzhydryl . $0 socccssocceesonece coeces... SINEMEEOED 206 Very small 
Triphenylmethy] .. sccccsscceee SOLOW 49 3—5% 
Diphenyl-p-diphenylylmethyl _ ccccsccccces Light red 56 15%°* 
Diphenyl-a-naphthylmethyl ................ Bluish-green 68 60% 


* The radical stability refers to a 2% benzene solution at the freezing point. 


The colourless formates are typical esters, and the thermal stability falls with increasing 
stability of the radical in accordance with the rule previously noted for chloroformates 
and carbonates (Bowden, J., 1939, 310). The coloured formates, however, are salts, and 
here the thermal stability of the formate increases with the unimolecular stability of the 
radical. There is therefore an inversion of the stability relationships as we pass from 
derivatives composed of short-lived to those containing long-lived radicals. In this 
connexion, Ingold (J. Soc. Chem. Ind., 1939, 58, 81) has pointed out that the decom- 
position of chloroformates, Cl-CO,R, is an intramolecular rearrangement promoted by 
electron-release from R, and that the facility of the change increases with the stability of 
R*, decreasing again only when the rearranging molecule begins to be replaced by the 
pair of ions R* and (O-COCI)-. 

The influence of the methoxyl group on the basicity of triphenylcarbinol was in- 
vestigated by Baeyer and Villiger (Ber., 1902, 35, 1189), who found that the basicity was 
increased by an amount depending on the number and orientation of the substituents. 
The methoxytriphenylmethyl formates are stable at ordinary temperature, but decompose 
on being warmed. The introduction of methoxyl groups in o-positions causes a fairly 
marked lowering in the decomposition temperature; ¢.g., triphenylmethyl formate begins 
to decompose in formic acid solution at 49°, but the 2: 2’-dimethoxy- and 2: 2’: 3’’- 
trimethoxy-derivatives decompose at 31° and 33°, respectively. In general, however, 
triphenylmethyl formates corresponding to carbinols of widely different basic and halo- 
chromic properties have decomposition points which lie within a comparatively narrow 
temperature range. Apart from the above cases, the influence of constitutional differences 
is not disclosed by this method, but is prominently reflected in the velocity of reduction 
at higher temperatures. 

These experiments involved the measurement of the rate of evolution of carbon 
dioxide from solutions of the carbinols in formic acid at 77°. A few representative 
examples of the curves obtained by plotting the percentage of carbon dioxide against the 
time are shown in Fig. 1. In view of the initial complications arising from the hetero- 
geneous character of the system and the presence of water owing to salt formation, it is 
not surprising that the rate of evolution seldom conforms with any of the simple reaction 
formule. Apart from the reactions of the o-substituted derivatives which conform with 
the unimolecular formula over a fairly wide range, there is an early drift in all other cases 
and especially with m-substituted compounds. In these circumstances, therefore, the 
rates may be indicated by the times for 20% conversion as shown in the last column of 
Table I. 

The most striking feature is the powerful influence of o-methoxyl in promoting 
decomposition of the formate, as shown by the high rate of decomposition and the high 
yield of triarylmethane from o-methoxy- and 2: 2'-dimethoxy-triphenylmethyl formates. 
p-Methoxyl also exerts a fairly strong favourable influence in the triphenylmethy]l series 
of derivatives, but the effect is less marked in more complex compounds such as phenyl- 
p-anisyldiphenylylmethyl formate. m-Methoxyl appears to exert a slightly favourable 
influence in the early stages of the reaction, but this is rapidly offset by a subsequent 
inhibiting effect which leads to a low yield of corresponding methane. The latter effect 
is very marked with all compounds containing m-methoxyl, and is doubtless connected 
with the fact that 3: 3’ : 3’’-trimethoxytriphenylmethyl formate does not evolve carbon 
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dioxide at 77°. Replacement of two methoxyl groups by a methylenedioxy-group, as in 
the diphenylpiperonylmethyl derivative, lowers the rate of decomposition, but a similar 
difference is found in the corresponding radical stabilities. The influence of a methyl 
substituent is revealed in the behaviour of 2-methoxy-4’-methyltriphenylmethyl formate, 
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Formate: 1, Triphenylmethyl. II, 0-Methoxytriphenylmethyl. III, m-Methoxytriphenylmethyl. IV, 
p-Methoxytriphenylmethyl. V, 2: 2’-Dimethoxytriphenylmethyl. VI, 3: 4-Dimethoxytriphenylmethyl. 
VII, 3:4: 5-Trimethoxytriphenylmethyl. ‘VIII, 2-Methoxy-4'-methyliriphenylmethyl. IX, Diphenyl-p- 
diphenylylmethyl. 


















TABLE I. 
Radical Basicity Time (mins.) 
stability, of Colour of for 20% 

Radical. %. carbinol. formate.* conversion. 
Triphenylmethyl]  ..........sccceeeeeseeeeeeeeee = 5 1 Yellow 13- 
o-Methoxytriphenylmethy] ...........++++++ 27 1-9 Red 2-0 
m-Methoxytriphenylmethy] ............0e+++« 12 1-2 Brownish-red 12-0 
p-Methoxytriphenylmethyl ................+. 24 6-5 we ad 3-2 
2 : 2’-Dimethoxytriphenylmethy Re 40 _ Purple-brown 1-0 
2 : 4’-Dimethoxytriphenylmethyl 28 11-8 Blood red 2-4 
3 : 4-Dimethoxytriphenylmethyl 22 5-9 Red 21-2 | 
Diphenylpiperonylmethyl — ...........+ +000 9 4-0 Carmine red 4-2 
ee en ee oie — 2-1 Deep reddish-brown 2-1 
3: 4: 5-Trimethoxytriphenylmethy] ...... 24 3-6 Crimson 8-9 
2:4: 2’-Trimethoxytriphenylmethy] ...... _: 19-0 Dark reddish-brown 5-2 
2: 2’: 3’-Trimethoxytriphenylmethyl ... —_ — Brownish-purple 0-9 
3: 3’ : 3’-Trimethoxytriphenylmethyl ... — 1-4 Red o) ' 
ee Sie ome bas cdddecédvice 15 1-7 Light red 27-0 : 
Phenyl-p-anisyldiphenylylmethyl ......... -—- 9-6 Light red 24-2 ; 
Diphenyl-3-acenaphthylmethyl ............ -- 2-0 Bluish-green ro) ] 





* The colours refer to m/100-solutions of the carbinols in formic acid. 





and it is evident that #-methyl has a much weaker influence than the corresponding 
methoxyl group. The operation of the characteristic electronic effects associated with 
these groups is evident in all the above reactions. The introduction of heavier aromatic 
nuclei for a phenyl group in triphenylmethyl formate leads to higher decomposition 
temperatures and lower rates of reduction. The inhibiting effect of these groups, as 
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observed in the formates of diphenyl-f-diphenylylmethyl, diphenyl-«-naphthylmethyl, 
and diphenyl-3-acenaphthylmethyl, is probably to be referred, not only to normal 
electronic influences, but also to steric factors arising from the large size of the groups. 
It is noteworthy that 4:4’ : 4”-trinitrotriphenylcarbinol, with a corresponding radical 
stability of 100%, dissolves in formic acid to form a colourless solution, which does not 
evolve carbon dioxide at 100°. With regard to a possible relationship between the 
reducibility and the halochromic properties of the carbinols, which was suggested by 
Kauffmann and Panwitz (loc. cit.), it is evident from Table I that no simple connexion 
exists between the colour of the triarylmethyl cation and the rate of reduction. 

The present work brings into prominence the fundamental difference between the 
homopolar and the polar formates. The former, containing short-lived radicals covalently 


linked to the formate radical, decompose at high temperatures in virtue of a process 
involving intramolecular rearrangement : 


Ph,H—O—CO—-H —> Ph,HCH + C0, 


The polar formates, in which long-lived ionised radicals are associated with the formate 
ion, decompose at comparatively low temperatures through ionic interaction : 


Ph,C* + (OOCH)- —> Ph,CH + CO, 


In the case of the methoxytriphenylmethyl formates, no simple connexion is discernible 
between the facility of the interaction and the corresponding radical stability, but this is 
intelligible, since the factors determining the non-polar scission of a hexa-arylethane 
would be expected to be entirely different from those involved in the interaction of a 
triarylmethyl cation and the formate anion. The present work also shows conclusively 
that no simple connexion exists between the basicity of a carbinol and its rate of 
reduction in formic acid solution. The reason for this is clear, since the reducibility of 
the carbinols, as measured by the formic acid method, bears no direct relation to the 
reactivity of the hydroxyl group, and in this connexion, it is to be noted that the reaction 
is fundamentally different from that involved when the reduction to triarylmethane is 
effected by zinc and acetic acid. Indeed, no simple relationship between basicity and 
reducibility is to be anticipated, since the former is a measure of the stability of the 
triarylmethyl salt towards hydrolysis, while the reducibility, as measured by the present 
method, is determined by the thermal stability of the salt. 


EXPERIMENTAL. 


Preparation of Materials.—The majority of the carbinols were prepared by known methods, 
and were purified by repeated crystallisation from the appropriate solvent, and finally from 
ligroin. The finely-powdered material was freed from solvent by standing over activated 
silica gel and concentrated sulphuric acid before use. 

2-Methoxy-4'-methyliriphenylcarbinol.—The preparation of p-methylbenzophenone (Meyer, 
Monatsh., 1907, 28, 1223) was rendered more convenient by the following procedure. A 
solution of toluene (100 g.), benzoyl chloride (90 g.), and carbon disulphide (200 c.c.) was 
treated with aluminium chloride (90 g.) in small quantities, and the mixture heated under 
reflux for 4 hours. On hydrolysis in the usual manner, the ketone separated as a solid which 
is, however, appreciably soluble in carbon disulphide. After removal of the solvent, steam 
was passed through the residue to complete the hydrolysis of the dichloride. The ethereal 
solution of the ketone was washed with dilute alkali, dried over calcium chloride, and 
fractionated. The ketone was collected at 280° and solidified to a greasy solid, which 
hardened readily on trituration with light petroleum; m. p. 59°, yield 65 g. 

o-Iodoanisole (58 g.), prepared by diazotising o-anisidine and treatment with potassium 
iodide, was converted into the Grignard derivative, and the filtered solution was treated with 
an ethereal solution of p-methylbenzophenone (42-7 g.). After being boiled under reflux for 2 
hours, the mixture was decomposed with water and sulphuric acid. The precipitated carbinol 
was filtered off, combined with that obtained from the ethereal solution, and washed with 
sodium hydroxide. After recrystallisation from alcohol, it had m. p. 126°; yield 43 g. 
(Found: C, 82-5; H, 6-7. C,,H,,O, requires C, 82-8; H, 6-6%). 
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The halochromic salts are reddish-brown and the basicity of the carbinol, as determined 
experimentally, is 2:1. On the basis of Baeyer’s “ product rule” the calculated value of the 
basicity is 3-1, and it appears therefore that the presence of a methyl group in a methoxytri- 
phenylcarbinol renders the rule inapplicable. 

2:4: 2’-Trimethoxytriphenylcarbinol—Kaufimann and Panwitz (loc. cit.) do not give 
experimental details for the preparation of this compound, but the best method is as follows. 
Resorcinol dimethyl ether, obtained in 78% yield from resorcin and methyl sulphate (cf. 
Perkin, J., 1906, 89, 1653), was readily converted into 2 : 4-dimethoxybenzophenone by the 
method of Kauffmann and Grombach (A mnalen, 1905, 344, 46); m. p. 83° after recrystallisation 
from ligroin. 

The carbinol was prepared by treating a filtered solution of o-anisylmagnesium iodide 
(from 52 g. of iodoanisole) with a suspension of the ketone (45 g.) in ether (100 c.c.). The 
mixture was vigorously shaken during the addition of the ketone, and finally heated on the 
steam-bath for 2 hours. Hydrolysis was effected in the usual manner, and the carbinol was 
deposited on evaporating the ethereal solution. After being washed with dilute alkali, the 
material was recrystallised from alcohol and then from ligroin; m. p. 119—120°, yield 51 g. 
The carbinol forms a deep brownish-red sulphate and perchlorate. 

2:4: 2’-Trimethoxytriphenylmethane.—Kaufimann and Panwitz (loc. cit.) prepared this 
compound by heating a formic acid solution of the carbinol, but we employed the following 
methods. (a) The carbinol (2 g.) in glacial acetic acid (20 c.c.) was heated with zinc dust on a 
steam-bath for 2 hours. The almost colourless solution was filtered hot, and the deposited 
methane recrystallised from alcohol; m. p. 118°, yield 65%. (b) The carbinol (2 g.) was 
dissolved in boiling alcohol (100 c.c.) and treated with concentrated hydrochloric acid (10 
c.c.). The dark red solution was heated on the steam-bath until it became pale yellow. The 
methane crystallised on concentrating the solution, and was purified as described above; 
yield 70%. 

Diphenyl-p-diphenylylcarbinol.—This carbinol, first obtained by Schlenk and Weickel 
(Annalen, 1909, 368, 295), was prepared by a modified procedure through the interaction of 
benzophenone and p-diphenylylmagnesium bromide (Bowden, J., 1931, 1111). The product 
obtained after hydrolysing the reaction mixture was dissolved in benzene and dried over 
calcium chloride. The residue obtained on removal of the solvent was triturated with light 
petroleum, and melted at 136° after two crystallisations from ligroin. The identity of the 
material was further established by its conversion into the corresponding methane (m. p. 112°), 
chloride (m. p. 146°), and peroxide (m. p. 180°). The carbinol dissolves readily in liquid 
sulphur dioxide to form a pink solution. 

Diphenyl-a-naphthylcarbinol—The method was based on that of Acree (Ber., 1904, 37, 
2755), who isolated the carbinol by distillation. The latter process was avoided by recourse 
to the following procedure. The reaction product of phenylmagnesium bromide and 
a-naphthyl phenyl ketone was decomposed with ice and sulphuric acid, and the ethereal layer 
washed and dried in the usual way. The thick yellowish oil obtained on concentrating the 
solution was easily solidified by trituration with cold light petroleum. After recrystallisation 
from ligroin the carbinol melted at 135° (Found: C, 88-8; H, 6-0. Calc. for C,,H,,0: C, 

89-1; H, 6-0%). 

The sulphate, perchlorate, and phosphate are green, and the carbinol dissolves in liquid 
sulphur dioxide to form a yellowish-green solution. 

Decomposition Temperatures of Formates.—The decomposition temperatures of the colour- 
less formates were roughly estimated as follows. Methyl and benzyl formates were examined 
by passing the vapour (generated by dropping the liquid into a flask maintained at 10° above 
the b. p.) through a 50-cm. glass coil immersed in baths of potassium nitrate-sodium nitrate 
and sulphuric acid—potassium sulphate, respectively. The gaseous products were led into a 
trap maintained at 0°, and finally into lime water. The temperature at which carbon dioxide 

° began to form was taken as the decomposition temperature. That of benzhydryl formate was 

ascertained by dropping the liquid into a heated flask while the vapours were carried into lime- 
water by a stream of nitrogen. These temperatures are merely indicative of the general order 
of stability, but the corresponding values for the coloured formates can be determined with 
much greater accuracy by the method described below. 

At the ordinary temperature in the absence of light and moisture the highly coloured 
triarylmethyl formates are stable, and the carbinols can be completely recovered by the 
hydrolysis of formate solutions which have stood for several months in the dark. When, 
however, the solution is heated, the salt decomposes with evolution of carbon dioxide and 
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formation of triarylmethane. In the case of formates decomposing below 60°, the temperature 
at which decomposition sets in was determined by slowly heating the solution and noting the 
volume of the solution—-gas system at different temperatures. By plotting the expansion 
against the temperature, we obtain a curve with a point of inflexion corresponding to the 
temperature at which carbon dioxide begins to be evolved from the solution. Preliminary 
experiments revealed that the solubility of carbon dioxide in pure formic acid is negligible at 
the higher temperatures, and the point of inflexion therefore corresponds fairly closely to the 
actual temperature at which the formate breaks down. The point of inflexion was easily 
found by comparison with the curve obtained by heating formic acid alone in the same 
apparatus. 

The apparatus consisted of a small, thin-walled flask (bulb capacity 5 c.c.) with a ground 
neck for attaching it to the recording unit, which comprised a mercury slug in a stout capillary 
tube (100 cm. long; 2 mm. bore) set accurately in a horizontal position by means of a spirit- 
level. The vessel, charged with a known weight of the dry, finely-powdered carbinol and 
1-5 c.c. of pure formic acid, was immersed in a well-lagged bath 
provided with a motor-driven stirrer, and the temperature was 
raised at a rate of 1°/min. by means of a burner controlled by 
a needle valve. The position of the mercury slug was read on a 
millimetre scale, and sticking of the mercury was avoided by a 
mechanical tapper operating at a rate of 5 taps per second. 
With this standard procedure reproducible results were obtained 
without difficulty. 

This method was not applicable to triarylmethyl formates 
with higher decomposition temperatures. The diphenyl-p- 
diphenylyl and diphenyl-a-naphthyl derivatives were examined 
by heating the formic acid solution in a stream of nitrogen and 
leading the issuing gases through a vertical condenser and trap 
into lime water. Since the decomposition temperatures of 
3: 3’ : 3’’-trimethoxytriphenylmethyl and diphenyl-3-acenaph- 
thylmethyl formates lie above the b. p. of the acid, rough 
estimates of the decomposition temperature were obtained by 
preparing the triarylmethyl formate in xylene, and heating the 
solution as described above. Some of the results have been 
given in the table on p, 875, and the others are in Table II. 

Rate of Decomposition of Formates.—The formates were com- 
pared at 77° by measuring the rate of evolution of carbon 
dioxide. The method employed is superior to previous semi- 
quantitative methods since it furnishes information as to the 
course of the reaction in the early stages before the complicating 
influences arising from side reactions and the precipitation of 
triarylmethane become apparent. The apparatus (Fig. 2) con- 
sisted of a reaction tube A with a side tube communicating 
with a gas burette via a short vertical condenser B. The 
reaction tube was closed by a stopper carrying a device for precipitating a glass basket C 
containing the finely powdered carbinol into the formic acid. The basket was provided with 




















TABLE II. 
Decomposition temperatures of formates. 


Formate. , Formate. 


o-Methoxytriphenylmethyl 2-MethyP#-methyltriphenylmethyl... 
= Mathonytristenyimnatiog! end obdciives 3:4:5- reriphess Imethyl 
p-Methoxytriphenylmethyl ............ 
2: 2’-Dimethoxytriphenylmethyl 

2 : 4’-Dimethoxytriphenylmethyl ; ethoxytriphen 

3 ; 4-Dimethoxytriphenylmethyl Phenyl]-p-anisylphenylmethyl 
Diphenylpiperonylmethyl ............... Diphenyl-3-acenaphthylmethyl 


a movable bottom consisting of a light, hollow glass sphere, which floated out of the basket on 
contact with the liquid. This ensured rapid dissolution of the carbinol and avoided the 
formation of “‘ pockets” in the solution. A subsidiary tray was fused to the basket as an 
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additional precaution against the accidental spilling of the fine powder into the liquid before 
the initial adjustments were complete. 

A known amount of pure formic acid was placed in the reaction tube which was immersed 
in a thermostat at 77°+0-01°, and after attainment of thermal equilibrium, the basket was 
precipitated into the liquid. The volume of carbon dioxide evolved was read at definite 
intervals in a water-jacketted gas burette charged with mercury. The volume was reduced 
to standard conditions, and a correction applied for the vapour pressure of formic acid. For 
brevity, the results have been summarised in the curves shown in Fig. 1 and the values 
recorded in Table I. 

From the standpoint of the preparation of triarylmethanes, it is evident that the formic 
acid method may be advantageously employed if the carbinol contains an o-methoxyl group. 
If, however, the substituent is in the m-position, the yield of reduction product is relatively 
low, and other methods of reduction are therefore to be preferred. The presence of large aryl 
groups, such as diphenylyl, naphthyl, and acenaphthyl, also leads to a low yield of triaryl- 
methane, and in these cases, the reduction of the carbinol by zinc and acetic acid or by 
alcoholic hydrochloric acid furnishes a higher yield and a purer product. 


TATEM LABORATORIES, UNIVERSITY COLLEGE, CARDIFF. [Received, May 4th, 1940.] 





171. Free Radicals and Radical Stability. Part IX. The Influence of 
Short-lived and Long-lived Radicals on the Reactivity of Alcohols. 


By SyDNEY T. BowDeEN. 


A classification of organic compounds according to the unimolecular stability of 
the constituent radicals is proposed. The study of the chloroformates, carbonates, 
and formates of short-lived and long-lived hydrocarbon radicals leads to the following 
rule: The thermal stability of an ester falls with increasing stability of the short-lived 
radical, and that of an analogous salt rises with increasing stability of the long-lived 
radical. 

A preliminary survey of the behaviour of aryl-substituted methyl alcohols towards 
liquid potassium shows that the observed reactivity may be expressed as follows: 
benzyl alcohol < benzhydrol < triphenylcarbinol > diphenyl-p-diphenylylcarbinol > 
diphenyl-a-naphthylcarbinol. It is suggested accordingly that steric as well as 
electronic influences are operative in this reaction. 

A striking feature observed with all the above substances is the remarkably early 
cessation of the reaction, and the significance of this phenomenon in preparative and 
analytical work is pointed out. 


FoR some purposes it is convenient to classify organic compounds according to the 
thermodynamic stability of the constituent radicals. The three classes are made up of 
the following combinations of radicals: (I) short-lived-short-lived; (II) short-lived—long- 
lived; (III) long-lived-long-lived. The compounds of class I comprise the most widely 
investigated field of organic chemistry and those of class III have been the subject of 
much study, but those of class II have received comparatively little attention from the 
standpoint of thermal stability and reactivity. Actually, this class is of considerable 
theoretical importance in view of the fact that it bridges the gap between the typical 
organic compound (class I) and the inorganic-like organic substance (class III) which 
breaks down spontaneously into stable radicals or ions. 

With regard to the behaviour of compounds belonging to class I and class II, the 
main features relating to the stability of chloroformates and carbonates have been dis- 
cussed in Part V, and these have been found to correspond with the behaviour of the 
chloroformates described by Ingold (J. Soc. Chem. Ind., 1939, 58, 81) and the sulpho- 
halides cited by Le Févre (ibid.). The more extensive study of formates containing 
unsubstituted hydrocarbon radicals (Part VIII) now enables us to embody the previous 
findings in the rule enunciated in the summary. 

It is shown in Part VIII (preceding paper) that the reduction of carbinols by formic 
acid proceeds in virtue of the thermal decomposition of the triarylmethyl formate, and 





[1940] Free Radicals and Radical Stability. Part IX. 881 


does not involve the hydroxyl group except in so far as the initial process of salt 
formation is concerned. Apart from the qualitative studies of Baeyer and Villiger (Ber., 
1902, 35, 3013), the information available regarding the reactivity of class II compounds 
is extremely meagre. In view of the extensive use of alkoxides in preparative work, and 
the fact that no quantitative studies have been made on the reactivity of alcohols towards 
alkali metals, we have made a preliminary survey of the action of metallic potassium on 
the aryl-substituted methyl alcohols in xylene solution. On account of the heterogeneous 
nature of the reaction system and the physical peculiarities of molten potassium, the 
method offers several practical difficulties, but it possesses the advantage of directness 
and furnishes a means of comparing the effect of substituted methoxyl radicals on the 
reactivity of the hydrogen atom. 

For reasons mentioned later, it is necessary to compare the early stages of the 
reactions, and on this basis, the rate of evolution of hydrogen may be expressed as 
follows : benzyl alcohol 6-5, benzhydrol 11-2, triphenylcarbinol 14-8, diphenyl-p-diphenylyl- 
carbinol 13-7, diphenyl-«-naphthylcarbinol 9-3. Conductivity measurements in non-polar 
solvents reveal that all these alcohols are un-ionised, but the genesis of new properties in 
triphenylcarbinol is evident from the fact that all fully arylated carbinols ionise in liquid 
sulphur dioxide to form coloured solutions and give halochromic salts with strong 
inorganic and organic acids. These reactions, however, arise from the stability character- 
istics of the long-lived triarylmethyl cation R,C*, and thus differ essentially from the 
present reaction which involves the behaviour of hydrogen covalently linked to the 
arylated methoxyl radical R,C-O-. All the simple arylated methoxyl radicals are short- 
lived, and since the stabilising requirements of tervalent carbon and univalent oxygen 
are essentially different, it is not surprising that the reactivity of the hydroxyl hydrogen 
varies inversely as the unimolecular stability of the triarylmethyl radical. This behaviour 
may also be interpreted as being due to steric hindrance, and we incline to the view that 
such factors (arising from the large size of the aryl groups) are also operative in this 
reaction. 


A striking feature of the reaction is the comparatively sudden cessation of the sub- 


stitution process in the presence of a large excess of metal. This remarkable phenomenon 
has also been observed by Brénsted and Kanie (J. Amer. Chem. Soc., 1931, 58, 3631) in 
the reaction of liquid amalgams with dilute acids and by Fraenckel and Heinz (Z. anorg. 
Chem., 1924, 133, 153) with strong acids. This feature is of considerable significance in 
the preparation of alkoxides, in the drying of organic solvents, and in the estimation of 
water in organic liquids by the sodium—potassium method. 


EXPERIMENTAL. 


Potassium was chosen as reacting metal in these experiments in view of its low m. p. and 
of the fact that the potassium alkoxides, unlike the corresponding lithium and sodium 
derivatives (Part VI), are readily soluble in hot xylene. Complications arising from the 
presence of a solid phase are thus avoided, and the system preserves its diphasic character 
throughout the reaction. 

Preparation of Materials—Xylene was purified by prolonged refluxing over sodium and 
then over potassium in an atmosphere of nitrogen; it was distilled over potassium immediately 
before use. The alcohols were purified and rigorously dried by standard methods. The 
carbinols were purified by repeated crystallisation from sodium-dried ligroin, and the finely- 
powdered specimens were dried for 18 hours over sulphuric acid. 

Rate of Evolution of Hydrogen.—The reaction vessel was similar to a Beckmann tube 
(15 x 1-7 cm.) with the main side tube fitted with a device for precipitating the substance 
under investigation into the solvent. A long vertical tube was fused to the main side tube 
and communicated with a gas burette charged with xylene. The neck of the reaction vessel 
was closed by a stopper carrying a mercury-sealed glass stirrer operated by a motor, and the 
speed of stirring was adjusted to a predetermined value as registered by a magnetic speed 
indicator. In this manner a high constant rate of stirring could be maintained throughout 
the reaction and could be duplicated in the several experiments. 

The reaction vessel, charged with xylene (15 c.c.) and metallic potassium (1-262 g.; 10 
atoms), was securely clamped in a thermostat maintained at 100° + 0-05°, and the air 
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displaced by means of dry nitrogen. A known weight of the carbinol (1 mol.) was placed in the 
precipitating device, and the stirrer set to operate at the desired speed (3 revs. per sec.). The 
carbinol was precipitated into the xylene—potassium mixture, and the volume of evolved 
hydrogen observed at intervals. A selection of typical results, in which the volumes have 
been reduced to N.T.P., is given below, ¢ being the time in minutes. 


Interaction with Potassium. 


H, H, H, H, H, 
(c.c.). t. (c.c.). t. Weed ; Se. .. & (c.c.). t. (c.c.). 
Benzyl alcohol (0-3487 g.). Benzhydrol (0-5940 g.). 


6-48 6 13-05 5 11-18 9 18-20 25 20-08 

9-24 8 14-47 M 13-46 11 _19-04 30 20-28 
10-67 10 14-86 , 14-40 15 19-52 35 20-28 
11-24 12 15-24 if 17-85 20 19-90 40 20-28 
12-19 14 15-43 


Triphenylcarbinol (0-8387 g.). Diphenyl-p-diphenylylcarbinol (1-0844 g.). 
14-81 23-43 , 0-5 12-03 3 14-99 7 15-47 
18-19 24-08 ° 1 13-75 4 15-28 8 15-47 
20-44 24-65 . 15 14-32 5 15-45 10 15-47 
21-84 24-98 2 14-61 

22-88 25-12 


Diphenyl-a-naphthylcarbinol (1-000 g.). 
1 9-32 10-16 3 10-44 4 10-63 5 =10-73 10 ~=—:10-73 


A high speed of stirring was found to be essential in order to obtain reproducible results, 
but some of the observed variations are undoubtedly due to the breaking-up of the liquid 
metal into globules of different size. Although this effect is unavoidable owing to the different 
interfacial tensions between the metal and the solutions, the variations have been reduced as 
far as possible by the use of a large excess of the metal. Actually, this effect was least marked 
with the carbinol solutions, and in these cases the differences in the observed rates are 
undoubtedly due to chemical factors. 

A noteworthy feature of the above reactions is the very early and comparatively sudden 
cessation of the evolution of gas. After the initially vigorous stage, the evolution of hydrogen 
falls off rapidly, and the reaction soon stops completely. This behaviour is exhibited by all 
the above alcohols, but is most prominent in the derivatives of high molecular weight. The 
existence of a well-defined critical concentration at which no further reaction apparently 
occurs is doubtless connected with the mass-action effects which obtain in the interfacial layer, 
and is probably to be referred to the lower availability of the hydroxyl group as a result of 
the lower adsorbability of the larger molecules or the operation of steric factors in the 
adsorption layer. This phenomenon is of importance in many preparative processes and 
furnishes the basis for the customary practice of using a large excess of alcohol in the 
preparation of alkoxides. 

The present experiments also throw some light on the analytical methods which have been 
proposed for the estimation of dissolved water in organic solvents by the use of sodium-— 
potassium alloy. The effect under discussion does not appear to have been considered in this 
connexion, but it is evident that the method cannot give the true water content of the system. 
Similar remarks apply to the drying of organic solvents by sodium, which effects only partial 
decomposition of the water dissolved in a liquid phase. The drying process can be rendered 
more efficacious by distilling the liquid through a column containing freshly-drawn sodium 
wire, as we have already shown in the drying of ether for the preparation of Grignard 
derivatives of. complex halogen compounds (Part IV), which are difficult or impossible to 
prepare by the use of ether dried in the ordinary way. 


I am indebted to Mr. T. John, M.Sc., for much assistance with the experimental work. 


TaTEM LABORATORIES, UNIVERSITY COLLEGE, CARDIFF. [Received, May 4th, 1940.] 
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172. Free Radicals and Radical Stability. Part X. The Influence of the 
Methyl Group on the Stability of Triphenylmethyl. 
By SypNEY T. BowpDeEN and D. LESLIE CLARKE, 


The methyltriphenylmethyls hitherto prepared are so prone to isomerise that the 
unimolecular stability cannot be ascertained by the usual methods. In a search for 
methyl-substituted radicals of greater chemical stability, we have prepared diphenyl-o- 
tolylmethyl, which shows a much smaller tendency to isomerise than the corresponding 
p-derivative. In fact, the transformation into the Tschitschibabin type of compound 
is sufficiently slow to permit of molecular-weight determinations on the free radical 
system by the cryoscopic method. In benzene the radical is pale yellow, and the 
solution rapidly absorbs the theoretical amount of oxygen to form a peroxide, which 
may be isolated in the usual way. 

The radical stability in 2% benzene solution at the freezing point is about 20%. 
The influence of the methyl group is discussed from the standpoint of recent theories of 
radical stability, and it is shown that the group increases the tendency to dissociation 
when directly linked to ethane carbon atoms and when present as a nuclear substituent 
in hexaphenylethane. 


GomBERG (Ber., 1904, 37, 1632) found that the introduction of a methyl group into the 
p-position of one or more of the phenyl groups in triphenylmethyl gave unstable radicals, 
which were so prone to isomerise to the Tschitschibabin derivative that it was not possible 
to apply rigorous methods of molecular-weight determination. Moreover, it was necessary 
to effect oxidation of the radical at the moment of formation in order to obtain the corre- 
sponding peroxide. Expecting that the tendency to isomerise would be diminished if the 
methyl group were introduced in another position, we have prepared diphenyl-o-tolylmethy] 
by the reduction of the corresponding chloride with molecular silver. The radical is yellow 
in benzene solution, and the colour is discharged with the formation of a colourless peroxide. 
For the purpose of ascertaining the extent of isomerisation suffered by diphenyl-o-tolyl- 
methyl, the life of the radical was examined by measuring the volume of oxygen absorbed 
after various intervals. When a solution of diphenyl-o-tolylmethyl chloride is reduced by 
an excess of molecular silver in an atmosphere of oxygen, the gas absorbed amounts to 
103—107% of the theoretical value corresponding to true peroxide formation. There is 
accordingly a further slow oxidation of the peroxide or the accompanying isomeric derivative 
similar to that found with the methoxytriphenylmethyl compounds. When the radical is 
prepared in sealed tubes and kept in the dark for periods ranging up to 2 hours, the oxygen 
absorption still corresponds closely to the theoretical value. This proves that no appreciable 
isomerisation of the radical into the saturated Tschitschibabin derivative occurs during this 
period, and molecular-weight determinations may therefore be carried out on the freshly- 
prepared solutions in accordance with the normal procedure. 

The dissociation of hexa-arylethanes into free radicals may be formally envisaged as 
involving two main processes: (1) the rupture of the ethane linkage and (2) the stabilisation 
of the resulting free radicals. The earlier theories, which referred mainly to the first 
process, ascribed the weakening of the ethane linkage to (a) steric factors arising from the 
large size of the aryl groups, or (6) the affinity demand of the aryl groups. The steric 
theory, however, does not give a complete representation of the facts, and there is no strict 
parallelism between the degree of dissociation and the size of the groups. That steric 
factors are operative in certain reactions of triarylmethyl derivatives is indicated by other 
experiments in this laboratory, and Bent and Cuthbertson (J. Amer. Chem. Soc., 1936, 58, 
170) have concluded from measurements of the heat of oxidation and of hydrogenation of 
triphenylmethyl that the C-C linkage in hexaphenylethane is weaker by about 30 kg.-cals. 
than in ethane and that the weakening is to be ascribed to steric factors. The affinity- 
demand theory, as developed by Filiirscheim (J. pr. Chem., 1905, 71, 505) and Zeigler 
(Annalen, 1923, 434, 34; 1924, 347, 227), refers the dissociation to the affinity demand of the 
aryl groups, which is assumed to be so large that little remains for Page the ethane 
linkage. As pointed out by Burton and Ingold (Proc. Leeds Phil. Soc., 1929, 1, 421), this 
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theory meets with several difficulties, since the affinity demand of a phenyl group (as indi- 
cated by its op-orienting power in aromatic substitution) is actually of very moderate order 
and is greatly exceeded by other groups (e.g., dimethylamino-, methoxyl, etc.) which do not 
lead to the formation of long-lived radicals. 

The earlier theories of Fry (“‘ The Electronic Conception of Valence and the Constitution 
of Benzene,’ London, 1921) and Cole (Philippine J. Sct., 1922, 19, 681), although they 
treated the problem of free radicals from the electronic standpoint, were essentially descrip- 
tive, and it remained for Burton and Ingold (loc. cit.) to propose the first theory which 
explained the existence of free radicals in terms of a stabilisation process involving charge 
distribution throughout the molecule. Since the aryl group has an available mechanism 
for the distribution of any charge on the methyl carbon atom and can thus counteract the 
instability arising from incompleteness of the valency shell (as in the positive ion, Ph,C*) 
or the instability arising from the incompleteness of electron sharing (as in the negative ion, 
Ph,C~), it can also counteract the two factors when they are present together, as in the 
neutral radical Ph,C-. The stabilisation of the radical was examined from the quantum- 
mechanical standpoint by Hiickel (Z. Physik, 1931, 72, 310; Trans. Faraday Soc., 1934, 30, 
40) and Pauling and Wheland (J. Chem. Physics, 1933, 1, 362). The two treatments, 
involving the Hund—Mulliken—Hiickel method and the Heitler-London-Slater—Pauling 
method, are based on the premise that the stability of the radical is due to the fact that the 
increase in the resonance energy of the system after dissociation partially compensates for 
the energy required to break the C-C link of the original molecule. Incidentally, it may be 
noted that two assumptions are involved in these theories: (a) that the strength of the C-C 
bond in hexa-arylethanes is the same as that in ethane, and (b) that there is a rearrangement 
of bonds in the free radical to give a planar configuration, although the work of Karagunis 
and Drikos (Nature, 1933, 182, 354; Z. physikal. Chem., 1934, 26B, 428) would seem to 
indicate the contrary. 

In a further elaboration of the earlier theory of radical stability, Ingold (Trans. Faraday 
Soc., 1934, 30, 52) ascribes the stability of the radical to the degeneracy of the large number 
of unperturbed forms. Such degeneracy involves loss of energy through resonance, and 
the resonance energy will be greater the larger the number of unperturbed forms and per- 
turbation mechanisms. The large number of perturbation mechanisms accounts for the 
existence of Ph,C* and Ph,C~ as thermodynamically stable ions, while in the neutral radical, 
Ph,C-, the perturbation mechanisms which promote degeneracy of the positive and negative 
ions are coupled together in the degeneracy of the radical. The efficacy of the degeneracy 
as a stabilising influence will depend, not only on the number of perturbation mechanisms, 
but also on the facility with which these mechanisms actually operate. 

The problem relating to the influence of alkyl groups on the dissociation of aliphatic- 
substituted ethanes was first broached by Pauling and Wheland (loc. cit.), who assumed that 
resonance was not possible in these groups and that they increase the tendency to dissoci- 
ation in virtue of steric factors. This implies that from the resonance standpoint alkyl 
groups should have no greater influence than hydrogen atoms on the dissociation tendency 
of an ethane. Subsequently, however, these views were modified by Wheland (J. Chem. 
Physics, 1934, 2, 474), who assumed that resonance could occur in alkyl groups, and on this 
basis concluded that butane should be more highly dissociated than ethane. According to 
these qualitative arguments, therefore, the methyl group is a more effective substituent 
than a hydrogen atom in promoting the dissociation of this type of ethane derivative into 
free radicals. 

With regard to the influence of a methyl group when present as a nuclear substituent in 
triphenylmethyl, our results indicate that the unimolecular stability of diphenyl-o-tolyl- 
methyl in benzene solution is appreciably greater than that of triphenylmethyl. In this 
connexion, it has been pointed out by Professor Ingold (private communication) that the 
methyl group should produce an increase of radical stability because it increases the electron 
density in that part of the system in which the free radical structure confers additional 
electron mobility. Mesomerism confers stability since it allows new motions to the 
electrons, thereby decreasing the electronic zero-point energy in accordance with the un- 
certainty principle.. However, even when the structural theory is qualitatively unambigu- 
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ous, perfect regularity in the experimental equilibrium figures cannot be expected since these 
involve heat contents which, for polyatomic molecules, are the sum of contributions from 
such a large number of partly excited degrees of freedom that it is not possible to predict 
the totals. 


EXPERIMENTAL. 


Diphenyl-o-tolylcarbinol.—A filtered solution of o-tolylmagnesium bromide [from o-bromo- 
toluene (50 g.) and magnesium (9-5 g.)] was treated with benzophenone (36 g.), and the mixture 
heated on the steam-bath for 4 hours. After hydrolysis with ice and sulphuric acid, the well- 
washed ethereal layer was dried over calcium chloride, and concentrated until the carbinol was 
deposited on standing. After trituration with light petroleum and recrystallisation from 
ligroin, the carbinol melted at 98°, as recorded by Acree (Ber., 1904, 37, 998) for the distilled 
material. 

The halochromism of diphenyl-o-tolylmethy] salts is exhibited in the orange colour of the 
sulphate, perchlorate, and formate. The basicity of the true base corresponding to the coloured 
triarylmethyl cation was estimated from the resistance of the sulphate to hydrolysis. The 
yellow solution of the carbinol (0-0782 g.) in 5 c.c. of glacial acetic acid and 1 c.c. of a 10% glacial 
acetic acid solution of concentrated sulphuric acid was decolorised by 2-0 c.c. of 75% aqueous 
alcohol, whereas a similar solution of triphenylcarbinol (0-0743 g.) required 1:3 c.c. If the 
basicity of triphenylcarbinol is taken as unity, the value for the tolyl derivative is 1-5. Since 
the basicity of o-methoxytriphenylcarbinol is 1-97, it is evident that the methyl group is less 
powerful than methoxyl in enhancing the basic characteristics of the true base. 

Diphenyl-o-tolylmethane.—A solution of the carbinol (1 g.) in formic acid (15 c.c.) was boiled 
for 6 hours, decolorisation then being nearly complete. On cooling, some of the methane 
separated in small transparent crystals, which were filtered off. The filtrate was poured into 
water, and the precipitated oil thoroughly washed with cold water until it hardened. The 
material, recrystallised from absolute alcohol, had m. p. 82°. 

Diphenyl-o-tolylmethyl Chloride——The dry carbinol (10 g.) in absolute ether (100 c.c.) was 
shaken at 0° with a few lumps of freshly dehydrated calcium chloride while the solution was 
being saturated with hydrogen chloride. The triarylmethyl chloride was rapidly deposited, 
and after recrystallisation from dry ether in an atmosphere of dry air, the almost white crystals 
melted at 136—137°, as recorded by Bistrzycki and Gyr (Ber., 1904, 37, 1245). 

The addition compound with ferric chloride, obtained as a brick-red precipitate by mixing 
ethereal solutions of the components, had m. p. after purification 137—138° (decomp.) (Found : 
Cl, 31-06. C, 9H,,Cl,FeCl, requires Cl, 31-2%). Zinc chloride afforded a similar compound, 
but this was an oil which failed to crystallise. / 

Diphenyl-o-tolylacetic Acid.—Ether (80 c.c.) was distilled from sodium into a reflux apparatus 
charged with 2 g. of fine magnesium powder, which had been activated in situ by Baeyer’s 
method. Pure diphenyl-o-tolylmethyl chloride (10-5 g.) was added, and the mixture was then 
boiled while a stream of dry carbon dioxide was passed through it. After 6 hours the reaction 
product was treated with 60 c.c. of water and 40 c.c. of hydrochloric acid, and the mixture was 
boiled for 3 minutes to complete hydrolysis. The crude diphenyl-o-tolylacetic acid was separated 
and dissolved in 10% sodium hydroxide; the solution was filtered, and the acid reprecipitated 
by addition of hydrochloric acid. Repeated crystallisation from glacial acetic acid gave white 
crystals, m. p. 226° (Found: C, 83-2; H, 6-2. C,,H,,O, requires C, 83-4; H, 6-0%). 

Diphenyl-o-tolylmethyl Peroxide.—Diphenyltolylmethyl chloride (1 g.) in dry benzene (25 c.c.) 
was mechanically shaken with molecular silver (8 g.) in a sealed vessel for 10 minutes. The 
clear yellow solution of the free radical was quickly siphoned from the silver-silver chloride 
mixture, and then oxidised by the passage of a brisk stream of air until decolorisation was 
practically complete. The peroxide separated as a white, micro-crystalline solid, m. p. 164° after 
rapid recrystallisation from the same solvent (Found: C, 87-8; H, 6-4. C, H,,O, requires C, 
87-9; H, 6-3%). The yield (68%) is almost the same as that of triphenylmethyl peroxide from 
triphenylmethyl. The peroxide was also prepared in slightly lower yield by the action of 
mercury on solutions of the chloride. 

Absorption of Oxygen by the Radical——A known weight of the pure triarylmethyl chloride 
was placed in a constricted test-tube A (with a thin, blown-out bottom, as shown in the figure) 
together with a known excess of freshly dried molecular silver. The air in the tube was dis- 
placed by nitrogen, and the vessel then filled almost to the constriction with freshly distilled 
bromobenzene. The upper part of the tube was insulated with asbestos cord, and a stream of 
nitrogen was directed into the vessel to prevent intrusion of air while the constriction was 
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sealed in by means of a small blow-pipe flame. The tube was placed in a light-tight box, and 
shaken on a rotary machine to effect complete reduction of the chloride. 

The tube containing the free radical solution was placed in the bottle B together with 10— 
15c.c. of bromobenzene. The bottle was provided with a well-ground hollow stopper, which was 
fixed securely in position with sealing-wax, and connected to the gas burette C by means of 
pressure tubing. The three-way stopcock D permitted the apparatus to be alternately exhausted 
and filled with oxygen, so that no nitrogen was left in the system. Bromobenzene was em- 
ployed as manometric liquid, and the dropping-funnel E and the gas burette were protected from 
atmospheric moisture by the calcium chloride tubes F and G, respectively. The burette was 

enclosed in a glass jacket H containing a thermo- 


water circulated through the system by means of 
the motor-driven pump K. 

The absorption bottle was fixed to a metal 
frame L and immersed in a thermostat electrically 
controlled to within + 0-02° of the working 
temperature. After the attainment of thermal 
equilibrium, the pressure in the system was 
equalised to the prevailing atmospheric pressure. 
The tube containing the free radical was broken 
by sharply jerking the bottle, and the frame was 
immediately slipped into position on the shaking 
mechanism, which was operated by a motor to 
effect rapid mixing of the oxygen with the free- 
radical solution. During the oxidation process 
bromobenzene was run in from the dropping 
funnel to maintain equality of pressure, and the 
volume of oxygen absorbed was noted at 
intervals. A small correction was made for the 
initial contraction arising from the fact that the 
nitrogen above the free radical solution in the 
tube A was under reduced pressure as a result 
of the sealing operation. This correction, as 
estimated in control experiments on standard 
tubes of bromobenzene, never exceed 0°15 c.c. 
Normally, no correction was made for the vapour 
pressure of bromobenzene, since this is negligible 
at the temperature of the experiment. 

The apparatus was also employed for follow- 
ing the course of oxidation when the radical is 
produced in the nascent condition. For this 
purpose molecular silver and bromobenzene were 
placed in the absorption bottle and a solution 
of the chloride in the tube A, which was not 
constricted or sealed as in the preceding experiments. 

The results of typical experiments at 18° are given below. 
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Experiment 1. 


Weight of diphenyl-o-tolylmethyl chloride, 0-4570 g.; radical oxidised as formed; theoretical 
absorption, 17-5 c.c. (N sera 


Time (mins.) .. bndeavien,. +i 2 3 4 5 10 15 
O, absorbed "9 pereeuereggges 12-4 13-4 17-4 18-1 18-5 18-7 
Absorption, % .......:ccccceseeeeee 304 70-9 87-8 99-4 103-4 105-3 106-8 


Experiment 2. 
Weight of chloride, 0-5000 g.; radical oxidised after life of 20 minutes; theoretical absorption, 
19-2 c.c. (N.T.P.). 


ae (mins.) .. sigs sunhtoenh 2 8 18 
O, absorbed (c. c. )- Livcsuacsteches 17-8 : : ! 19-4 20-1 
Absorption, % .. wesw dteddeces I s . . P 101-6 105-2 
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Experiment 3. 
Weight of chloride, 0-5095 g.; radical oxidised after life of 2 hours; theoretical absorption, 19-5 c.c. 
(N.T.P.). 
Time (mins.) .. sdbusdhensacens 2-5 3-5 5 10 22 
O, absorbed (c. c.) coc ccccceccoecs , 17-9 18-8 19-3 19-5 20-0 
Absorption, % .........sceeeeceeees . 91-8 96-3 99-0 99-9 102-6 


It is evident from Expt. 1 that diphenyl-o-tolylmethyl chloride is very rapidly reduced to the 
free radical by the specimen of molecular silver used in this work. The high values of the oxygen 
absorption after the free radical had stood at room temperature for periods ranging from 
20 minutes to 2 hours show that little, if any, isomerisation into saturated compounds occurs 
under these conditions. These findings therefore justify the application of molecular-weight 
methods involving ordinary cryoscopic procedure provided that the operations be not unduly 
prolonged. The fact that the absorption of oxygen in each of the above experiments finally 
exceeds 100% indicates that in addition to the primary oxidation of the radical there is a slower 
oxidation process involving the peroxide or its precursor, CPh,(C,H,Me)*O-O. This feature, 
however, is also exhibited in the oxidation of methoxytriphettylmethyls which are known to 
suffer little if any isomerisation. 

The Radical Stability of Diphenyl-o-tolylmethyl.—The degree of dissociation of tetraphenyldi- 
o-tolylethane was determined by the indirect method in which the radical is formed in situ in 
the cryoscopic vessel. In view of the nature of this particular radical, special precautions were 
taken with regard to the dryness of the apparatus and materials in order to ensure that the 
system was as free as possible from traces of hydrogen chloride, since this is known to induce 
isomerisation of hexa-arylethanes. The freshly-prepared molecular silver, after being washed 
with alcohol and ether, was dried by heating to 270° in vacuum for 12 hours, and was then 
cooled under pure nitrogen. An excess of silver larger than customary was placed in the 
cryoscopic vessel in order to effect more rapid completion of the reduction at the lower temper- 
atures. The benzene employed as solvent was distilled (under nitrogen) over a column of 
sodium wire immediately before use, and the pure chloride was kept over solid potassium 
hydroxide and activated silica gel. The material was made into pellets in a rigorously dried 
pellet press which was manipulated in a desiccated chamber. 


Radical Stability of Diphenyl-o-tolylmethyl. 


(M.W. of monomer = 257; M.W. of dimeride = 514. Benzene, K = 52-5.) 
Wt. of Wt. of Radical Radical 
solvent, g. chloride, g. concn., %. A. : stability, %. 
18-13 0-4654 0-278° 20-7 

0-6369 . 0-376 19-3 
18-10 0-2038 , 0-122 20-7 
0-7672 ° 0-442 16-3 
18-11 0-4136 . 0-252 22-7 
0-5667 . 0-340 21-0 


As a further check on the measurements, the solution of the free radical at the end of each 
experiment was filtered (under carbon dioxide) from the silver-silver chloride mixture, and 
rapidly oxidised by the passage of a stream of air. The yield of diphenyl-o-tolylmethyl peroxide 
amounted to 63—65% of the theoretical value. This corresponds closely to the yield obtained 
in control experiments involving oxidation of the freshly made radical, and is, moreover, almost 
identical with that obtained in the oxidation of triphenylmethy]l itself. The results of the oxygen 
absorption experiments, together with those relating to the yield of peroxide from the cryoscopic 
Solutions, enable us to place considerable reliance upon the validity of the molecular-weight 
determinations in so far as they indicate the general order of the degree of dissociation of the 
ethane. , 


TATEM LABORATORIES, UNIVERSITY COLLEGE, CARDIFF. [Received, May 4th, 1940.] 
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173. The Magnitude of the Solvent Effect in Dipole-moment Measure- 
ments. Part III. Polarisation and Association of Alcohols in the 
Iiquid Phase. 

By FRANK R. Goss. 


The dielectric polarisation of alcohols and their solutions is known to be highly — 
abnormal, in agreement with the exceptional behaviour exhibited by their other 
physical properties such as vapour pressure, surface tension, and viscosity. The 
deviations of. these liquids from the normal are commonly ascribed to some form of 
association, at one time thought to result in the formation of non-polar double mole- 
cules, but now shown to depend on the ‘resonance of the molecules which may cause 
either an increase or a decrease in polarisation. On the basis of the solvent-effect 
equation introduced in Part I (J., 1937, 1915), and the correlated equations interrelating 
the polarisation constants developed there and elaborated in Part II (this vol., p. 752), 
it is now possible to calculate the ideal polarisation values which the alcohols would 
have if association could be eliminated. Consequently, the ratio of the observed 
partial orientation polarisation of alcohols in admixture with benzene to these ideal 
values is an association factor which indicates the incidence of the abnormal behaviour, 
in so far as polarisation is concerned. This factor is shown to vary, for the straight- 
chain alcohols, in close approximation to the $ power of the number of carbon atoms. 
The ideal dielectric constants of the unassociated alcohols are also calculated, and it is 
shown that in dilute benzene solution the alcohols behave normally, in agreement with 
cryoscopic observations. The pronounced minimum in the partial polarisation curve of 
the alcohols in admixture with carbon tetrachloride is discussed and is attributed to a 
heterogeneous association. 


THE relationships established in Part II (loc. cit.) for the solvent effect are not directly 
applicable to associated liquids, such as those containing hydroxyl groups. Indeed, the 
deviation of the polarisation of alcohols in the liquid phase from normal behaviour has 
already been widely studied; it has been attributed to association by Debye (‘ Handbuch 
der Radiologie,’ 1925, 6, 635) and specifically to certain types of molecular complexes by 
Wolf and Herold (Z. physikal. Chem., 1934, B, 27, 58; cf. Wolf, Trans. Faraday Soc., 
1937, 33, 179). Thompson (J., 1938, 460) investigated mixtures of ethyl alcohol with 
certain ethers, and attributed the abnormal values of the polarisation to hydrogen-bond 
formation. These authors and also Hennings (Z. physikal. Chem., 1935, B, 28, 267) 
calculated the partial polarisation of the constituents of binary mixtures on the assumption 
that the value for one constituent was independent of concentration. The errors so 
introduced have been detailed in Part I (loc. cit.) on the basis of views put forward by Orr 
and Butler (Nature, 1932, 130, 930). Nevertheless, even when the partial polarisations of 
alcohols are obtained by the intercept method, the values are still abnormal (cf. Coppock 
and Goss, J., 1939, 1789). In this paper an attempt is made to compare the abnormal 
curves found experimentally for the alcohols with calculated ideal curves. These can be 
obtained as in the case of normal, unassociated liquids if the polarisation of the liquid be 
derived from that of the vapour by correcting for the solvent effect alone (see Part II). 

According to Sidgwick (Ann. Reports, 1934, 31, 41), the homogeneous association of 
alcohols in the liquid phase involves the influence of an ionic state, which must materially 
change the polarisation. Moreover, the tendency for heterogeneous association with 
halogen (cf. Glasstone, Trans. Faraday Soc., 1937, 33, 200) will make benzene more suitable 
for investigating the polarisation than carbon tetrachloride, in spite of the advantages 
of the latter solvent which have been stressed in the earlier parts of this series. Stranathan 
(Physical Rev., 1928, 31, 653) has shown that the alcohols, when mixed with benzene, 
exhibit a normal polarisation at infinite dilution (P,), falling with rise in temperature. 
On the contrary, in carbon tetrachloride mixtures P, rises with temperature. Smyth 
and Stoops (J. Amer. Chem. Soc., 1929, 51, 3312) have found a similar abnormal behaviour 
of P., for alcohols in other solvents. 

In this paper ideal curves for the partial polarisation of the unassociated alcohols are 
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obtained by a method depending primarily on the fact that, so far as data are available, 
the experimental P,,-concentration curves (Fig. 1) for mixtures with benzene of the straight- 
chain alcohols and some of the branch-chain members consist (cf. Coppock and Goss, doc. 
cit.) of at least two portions; the dilute solution of the alcohol gives an entirely normal 
convex curve which, as shown later, can be attributed to unassociated alcohol molecules ; 
the curve then passes for higher concentrations through a point of inflexion to a concave 
portion which is abnormal, and is due to the presence of the associated alcohol. The 
point of inflexion occurs at a molar concentration of 0-02 for ethyl alcohol, 0-03 for n-butyl 
alcohol, and 0-15 for B-octanol. These observations find a parallel in the case of cryoscopic 
measurements for ethyl alcohol in benzene, where Peterson and Rodebush (J. Physical 
Chem., 1928, 82, 709) record a normal molecular weight in dilute solutions (c, < 0-005), 
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Polarisation—concentration curves for mixtures with benzene of ethyl alcohol and B-octanol at 20°. 


in contrast to the rapid increase (cf. Fig. 4) found by Biltz (Z. physikal. Chem., 1899, 29, 
249) with increasing concentration. 

The ideal polarisation curve should pass through the value which P, for the carbon 
tetrachloride solutions would have if heterogeneous association between the liquids did not 
occur. The difference between the P, values for benzene and carbon tetrachloride solutions 
is known to be close to 2 c.c. for a wide variety of normal polar components, especially 
in the case of those having moments of similar magnitude to the alcohols (some examples 
are given in Table I), and so it may reasonably be assumed that P,, + 2 for the benzene 


TABLE I. 
Effect on polarisation of varying the solvent. 
7 P,(CCi,). . P..(CH,). 
iso RINE cscasdsécmmunvinpaennanktebinntne : ns . 
Methy: CEM OPERO  nsas.sd occ ccc ccc csccns cee sds . 
Bromobemzene - ...........cse0cecceevee coe cvseve 
eA. ad hte ROE: 
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solutions lies on the ideal curve (see Fig. 2). The ideal curve of the partial polarisations 
(Pag) plotted against 1/e should also, by means of its intercepts Y and Z, be related to the 
orientation polarisation (P,) of the vapour by the intercept ratio deduced in Parts I and 


II, viz., 
(Y/Po —DIW(Z + Pass)/Prsa-N=3~. ~~. - - (I) 


This value of P, can be obtained from the moments of methyl and ethyl alcohols in the 
vapour phase, which have been calculated with especial care by Stranathan (J. Chem. 
Physics, 1938, 6,395). The moment he obtained by taking P, , 4/[Rz]p as 1-05 (see Part II), 
corrected to the usual value of Avogadro’s number for comparative purposes, was 1-68 D. 
for both alcohols. The value of the intercept Y can be obtained by application of the 
solvent-effect equation established in Part I, viz., 


Pgp = Pgia4 + Z(e — 1)4/(e + 2)4 + Yi/e . . . . . (2) 
for at infinite dilution Ps, = P,, + 2 = Py.i, + Y/e (the Z term has a very small value 
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Partial molar polarisations at 20° of ethyl alcohol in mixtures with benzene and carbon tetrachloride. 


at this point ; it is at first neglected and the appropriate corrections applied subsequently). 
Hence the value of the intercept Z can be calculated by the intercept ratio, and the ideal 
curve constructed by means of the solvent-effect equation. 

From these results it is possible to calculate the ratio of the electrical polarisation axes 
by the formula K = 6-55 — 3-82 VY (Z + Py,.)/Px, (see Part II). The value obtained for 
K in the case of both methyl and ethyl alcohol is less than unity, in agreement with the 
negative Kerr constants of the alcohols. This ratio K is, as shown in Part II, closely 
related to molecular structure. As far as the available evidence goes, for small values of 
K (as, e.g., in the case of the ethers), it is independent of the length of the carbon chain. 
Hence, in order to proceed further and obtain the polarisation constants of the higher 
alcohols it will be assumed that they all have a K of the same value, 0-99. This means 
that Z/P,,. is constant, for the series of alcohols and hence that Z increases (see Table II) 
by a regular increment in the same way as P,,,. Values of P, for the benzene solutions 
have been carefully determined by the intercept method, data from the literature and also 
new determinations (see Table III and also Coppock and Goss, loc. cit., Table III) being 
used. 
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TABLE II. 
Polarisation constants of ideal solutions of alcohols at 20°. 


Methyl alcoho} 30 59-7 
Ethyl alcohol ° 59-7 
n-Butyl] alcohol : 59-7 
GATTI crc cicccscce 59-7 
B-Octanol .... . 55-9 
B- -Methylheptan-y-ol ; 53-1 


ooo’ 
SeASES: 


F222? 
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Pon ee 


TABLE ITI. 


Partial molar polarisations at 20°. 
Co. Ps. Pg. Ce. Pas. Py. Ce: Pas. Pa. 


Methyl alcohol in benzene (Stran- Ethyl alcohol in benzene (see  -Octanol in carbon tetrachloride 
athan, loc. cit., 1928; Akerléf, Table VI); [Rz]p = 12:8; (see Table VI); [Rz]p = 
J. Amer. Chem. Soc., 1932, 54, Pgya = 13-4. 40-7; Presa = 42-7. 

4125); [Rijp = 82; Parra . 26-6 0-00000 28-2 
= 86. 26-6 0-00295 
0-00000 26-5 ° : 0-00624 
0-00890 26-5 o ° 0-00838 
0-01507 26-5 S . 0-01783 
0-01929 26-6 . 0-03275 
0-02248 26-5 ° 0-04718 
0-02929 26-4 ° . 0-09509 
0-03904 26-3 . 0-16199 
0-05278 26-0 . 0-23790 
0-06266 25-6 ° 0-33406 
0-07135 25-3 . 0-61570 
1-00000 , — 5 1-00000 


n-Butyl alcohol in benzene (Smyth 1-00000 < Methyl elcohot in carbon tetra- 
-). 


and Ye loc. a [Rzlp 
= 22-1; wi 
een - Ethyl alcohol in carbon tetra- . 27-9 
0-0578 ’ chloride (see Table VI). 0- 280 
0-0798 . 0-00090 . ; $4 
0-1117 ’ 0-00765 Zs 
0-2525 0-01893 , " = 
0-4899 0-02928 ; Up 
0-7385 0-04892 _ 
1-0000 . 0-05718 ii 
B-Methylheptan-y-ol in be ened 

é m-y-ol in nzene 0-12075 , ; 
(Smyth and Stoops, Joc. cit. p. 0-15418 a-Octanol in benzene (loc. cit.), 
ah [Rilp = 40-7; Pra 0-19044 [Rilp = 40-7; Paria = 42-7. 
5 0-22509 . 26-8 
—_ 26-8 0-25809 . 26-8 
0-0303 ; 0-28951 ' 26-8 
0-0331 " 0-50833 d 26-9 
0-0398 ; 0-71439 , 97.0 
0-0502 . 0-83864 \° 27-0 
0-0662 " 1-00000 . y 
0-0889 
0-2915 
0-4892 
0-6915 
1-0000 


a hae 


Now a hypothetical curve can be drawn for the variation of the polarisation P, of the 
pure alcohol with a succession of arbitrary values assigned to its dielectric constant. In 
Figs. 2 and 3 such curves are plotted against 1/e for ethyl alcohol and 6-octanol respectively. 
It will be seen that two points on these curves are of significance, the experimental value 
of P, and the ideal value, where the hypothetical P,-1/e curve cuts the ideal P,.~1/e 
curve. Importance is attached to the fact that this intersection lies at the minimum 
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point of the P,.-1/e curves for all the alcohols discussed in this paper because the values 
of P, for the substances investigated in Parts I and II lie at, or very near, the minimum 
point, except where Y is very much greater than Z or where K differs considerably from 
unity. The fact that the ideal value of P, for these six alcohols, which have Y and Z of 
comparable magnitude and K close to unity, appears without exception at the minimum 
seems to afford a considerable weight of evidence in favour of the arguments now being 
advanced and of the methods adopted in this paper to calculate ideal constants for the 
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Partial molar polarisations at 20° of B-octanol in mixtures with benzene and carbon tetrachloride, 


alcohols. The ideal values of P, and e are recorded in Table IV, together with the observed 
values for comparison. Further, the ideal value so obtained for the dielectric constant 


TABLE IV. 


Ideal dielectric constants and polarisations of unassaciated alcohols. 


Py 
as 6 
obs. 


Methyl] alcohol  ............eeeeeeeee ; : 36-9 

Ethyl alcohol .........cseseeceeeesees 

n-Butyl alcohol .......0+.sseeeeeeeee 

@OctanOl «oo. cccccccccccecccccccceces 

BOAR cnc cccccscccccccccccecceces 

B-Methylheptan-y-ol 
of n-butyl alcohol, viz., 6-5, is related to that of the isomeric ether, 4-3, much as the value 
for ethylaniline, 5-9, is related to that of the isomeric tertiary amine, dimethylaniline, 4-5. 

The ideal variation of the partial polarisation Ps, with 1/e for the unassociated alcohols 

has thus been deduced and in the cases of ethyl alcohol and §-octanol is plotted in Figs. 2 
and 3 respectively. The variation of Ps, for carbon tetrachloride with 1/e is already 
known (see Part II, Fig. 3). Thus for any given value of 1/e, from the values corresponding 
to the pure alcohol to the value for the solvent, Pg, and Pg, are known, and by plotting the 
values as intercepts on the axes of a P,,-c, graph, tangents at a succession of paints can be 
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drawn and an ideal Pry curve for the unassociated alcohol constructed. Examples of these 
synthetic curves are given Fig. 1, where it will be seen that, above a certain value of c, 
characteristic of each alcohol, the observed polarisation is enhanced owing to the association. 
Now, this increase cannot be attributed in any way to Px since the molecular refractivities 
of the alcohols show no abnormality and are indeed 0-4 c.c. lower than those of the isomeric 
ethers. It is unlikely that the large increase in polarisation which has to be accounted for 
could be due to an increase in the small value of P,, particularly as P, does not alter, so that 
it must be entirely due to an increase connected with P,. Consequently, the association 
factor (x) can best be expressed as the ratio of the observed value of P, for the alcohel 
to that obtained from the ideal curves at the same concentration. Values for the association 
expressed in this way are given for each pure alcohol in Table II and for some mixtures in 
Fig. 4. The more dilute solutions are normal, but above a certain critical concentration 
there is a rapid change in x. The values of x for the pure alcohols are directly sandals 
to the number of carbon atoms (m) in the case a 

of the straight-chain members, being closely 

represented by the formula * = jn? + 1 (see 20 Ethyl abcohat 


Table II). The variation of the association of ) 
the isomeric octanols with molecular structure j 
/ 
/ 
/ 





has already been discussed by Smyth and 
Stoops (loc. cit., p. 3330). 

The curves for mixtures of carbon tetra- 
chloride with ethyl alcohol and §-octanol, 
severally, have also been examined. Where 
these mixtures contain relatively large amounts 
of the alcohol, they bear a close resemblance to 
the corresponding benzene curves, but centred 
at c, = 0-04 for ethyl alcohol and 0-10 for 
§-octanol, there occurs a sharp minimum, with 
the partial polarisation considerably lower (see 
Figs. 2 and 3) than with the benzene solutions. 
This is accompanied (see Table III) by a 
maximum in the polarisation of the carbon tetra- 
chloride. In Hunter and Marriott’s phraseology 
(this vol., p. 166), this may be attributed to 
heterogeneous association between the alcohol 
vm ne gp ~ meg partly superseding , a4 O 
an y coexisting wit e homogeneous 4 
endiinn of the Fry Aunalation, effects delliiihen Bcc 
should decrease with rise in temperature and 4ss0ciation factors derived from po 
it is evident from the work of Stranathan (Joc. ee 
cit.) that the difference in behaviour between the benzene and the carbon tetrachloride 
solutions tends to disappear at higher temperatures. 


2 - Butyl ah 
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EXPERIMENTAL. 


Calibration of Condensers.—Density, dielectric constant, and temperature were measured 
as previously described (Goss, J., 1933, 1843; 1935, 730) except that the two experimental 
condensers of the Sayce—Briscoe type, which were used and silvered according to Sugden (J., 
1933, 768), were calibrated * with reference to two liquids of known dielectric constant, on the 
assumption (cf. Ball, J., 1930, 583) that the change in capacity was directly proportional to the 
corresponding change in dielectric constant. This calibration was carried out with benzene 
and chloroform, recognised reference liquids (cf. Davies, Phil. Mag., 1936, 21, 1), the dielectric 
constants of which were assumed to be 2-2825 and 4-806 respectively at 20° (see Table VY). The 
condensers (II and III) had air capacities of 165 and 21 uy F. respectively, and the accuracy of 
the calibration and of the linear relation assumed between the capacity of the condensers and the 
dielectric constants of the liquids was checked by measurements upon other reference liquids, 

* The dielectric constants recorded by Coppock and Goss (loc. cit.) were measured in these same 
condensers, calibrated as described in this paper. 
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TABLE V. 
Values of « for reference liquids at 20.° 
Condenser. Recorded values. 
II. III. 
Carbon tetrachloride .. icicnbnneiedtake cata 2-2411 2-245 2-242,1 2-236 2 
IID. csiel nc ptetatsntcnide dil eumeunlion pibaeebaaden 2-2825 * 2-282 * 2-2825 ® 
IR, cc ichacadcupdentls bakevessadpecebdcaencets 4-806 * 4-806 * 4-81,* 4-813,5 4-796,2 4-806 ¢ 
Chlorobenzene.............ccceececececeeceseceeeeces 5-706 5-68 5-685,” 5-714 ® 
B-Octanol — 8-17 8-2] 12 
Acetone ...... — 20-96 21-17,5 21-40 ? 
Ethyl alcohol . Sp bE Pt ECR aa teh oa — 25-23 25-0 ® 
Nitrobenzene ............. dea RET Sl — 35-92 . 35-9,4 36-1 1° 





1 Earp and Glasstone, “ 1935, 1709. ® Davies, loc. cit. * Hartshorn and Oliver, Proc. Roy. 
Soc., 1929, A, 128, 664. * Ball, J., 1930, 596. 5 Earp and Glasstone, J., 1935, 1720. * Goss, 
this vol., p. 752. 7 Ulich and Nespital, Z. physikal. Chem., 1932, B, 16, 221. ® Davies, Phil. 
Mag., 1936, 21, 1008. * Akerléf, J. Amer. Chem. Soc., 1932, 54, 4125. 10 Fairbrother, J., 1934, 
1846. 11 Smyth and Stoops, loc. cit., p. 3330. * Fixed points of scale. 








the values found being in satisfactory agreement with those recorded in the literature as shown 
in Table V. The margin of error was estimated to range from + 0-0005 for the lower values of 
e to + 0-01 for the higher values in the case of condenser II, and from + 0-005 to + 0-1 for 
condenser ITI. 

Purification of Materials.—Carbon tetrachloride, benzene, and di-B-octanol were purified 
} as before (Goss, J., 1937, 1919; Coppock and Goss, loc. cit.). Absolute alcohol was refluxed 
with quicklime to d%° 0-7897, corresponding to 99-9% of ethyl alcohol. 

Results.—The expérimental data, and the polarisations (P,,) for the binary mixtures calculated 
therefrom, are recorded in Table VI. 
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q TABLE VI. 

f Polarisations at 20°. 

3 Ce. €. dy. P,;. ' Co. €. ae. P:. 

2 Ethyl alcohol and carbon tetrachloride. 

4 0-00000 2-2411 1-5941 28-24 0-19044 3-1924 1-4931 37-70 

‘ 0-00765 2-2636 1-5905 28-51 0-22509 3-541 1-4735 40-33 

5 . 0-01893 2-2970 1-5847 28-91 0-25809 4-023 1-4530 43-53 

0-02928 2-3277 1-5794 29-27 0-28951 4-429 1-4347 45-59 : 
: 0-04892 2-3764 1-5692 29-77 0-50833 9-094 1-2854 56-23 
4 0-05718 2-4044 1-5651 30-09 0-71439 15-29 1-1103 57-20 
a 0-08667 2-5069 1-5499 31-17 0-83864 19-35 0-9849 55-11 
4 0-12075 2-6699 1-5326 32-86 1-00000 25-23 0-7893 51-92 
ik 0-15418 2-8926 1-5136 35-07 : 
{ Ethyl alcohol and benzene. 
4 0-00000 2-2813 0-8790 26-60 0-11115 2-8444 0-8717 32-54 
0-00662 2-3068 0-8785 26-89 0-17298 3-3640 0-8673 36-85 ( 
j 0-01156 2-3261 0-8782 27-12 0-24867 4-254 0-8625 42-29 ] 
d 0-01952 2-3544 0-8776 27-45 0-33131 5-620 0-8561 47-78 

‘ ° 0-02674 2-3845 0-8772 27-79 0-58705 11-738 0-8361 55-41 ‘ 
: 0-03606 2-4309 0-8765 28-34 0-81337 18-92 0-8135 54-78 , 
; 0-04942 2-4967 0-8757 29-07 1-00000 25-23 0-7893 51-92 k 

0-07437 2-6196 0-8741 30-36 i 

dl-B-Octanol and carbon tetrachloride. 

i} 0-00000 2-2411 1-5941 28-24 0-09509 2-4550 1-4772 33-51 s 
; 0-00295 2-2499 1-5900 28-44 0-16199 2-5823 1-4034 36-91 t 
7 0-00624 _ 2-2581 1-5858 28-63 0-23790 2-741 1-3270 41-01 

f 0-00838 2-2711 1-5829 28-89 0-33406 3-049 1-2405 47-74 v 
i 0-01783 2-2934 1-5707 29-42 0-61570 4-408 1-0314 71-81 I 
hy 03275  -2-3286 1-5517 30-28 100000 8173 0-8204 «111-88 ‘ 
E 0-04718 2-3654 1-5338 31-14 ‘ 
q The author thanks Dr. J. Kenyon, F.R.S., for the loan of the specimen of racemic $-octanol, st 
2 and the Chemical Society for a grant. 
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174. Physicochemical Studies of Complex Acids. Part XV. 
The Basic Nature of Vanadium Pentoxide. 


By H. T. S. Britton and GEORGE WELFORD. 


Vanadium pentoxide is shown to be amphoteric, for it dissolves in solutions of 
acids to an extent depending upon the strength of the acid and the temperature. Asa 
base, the pentoxide is extremely weak, and even in the presence of an excess of acid it is 
probable that it does not combine much beyond the stage represented by VO,Cl. 


ALTHOUGH vanadium pentoxide is but slightly soluble in water to form a relatively strong 
polyvanadic acid, it is more so in weak acidsand becomes appreciably soluble in strong acids. 
Fischer (Trans. Amer. Electrochem. Soc., 1916, 30, 190) determined its solubility in hydro- 
chloric and sulphuric acid solutions of increasing concentration, and Meyer and Aulich 
(Z. anorg. Chem., 1930, 194, 278) worked with solutions containing 0—88% of sulphuric 
acid. Although we have been unable to confirm their results, we have found that the amount 
of vanadium pentoxide which dissolves increases with increasing acid concentration. This 
would suggest that vanadium pentoxide assumes basic properties or else that it forms 
complex acids with hydrochloric and sulphuric acids. The former view is more probable, 
since Diilberg (Z. physikal. Chem., 1903, 45, 129) has shown that in acid solutions vanadium 
migrates to the kathode. 

With the exception of sulphuric acid, however, acids fail to produce solid compounds 
with vanadium pentoxide. Owing to the great ease with which quinquevalent vanadium 
salts hydrolyse, evaporation of hydrochloric or nitric acid solutions invariably leads to 
precipitation of the brownish-red hydrated pentoxide. Its basic nature is more apparent 
towards sulphuric acid, for when it is boiled with an excess of concentrated sulphuric acid 
very deliquescent golden-yellow, needle-shaped crystals separate, the composition of which 
has been stated to be V,0,,2SO,,xH,O and V,O,;,3SO0,,3H,O (Gerland, Ber., 1878, 11, 99; 
Ditte, Compt. rend., 1886, 102, 757; Munzing, “ Die Verbindungen der Vanadinsdure mit 
Schwefelsdure,’’ Berlin, 1889). 

The work to be described falls into two sections. (1) The extent of precipitation and of 
redissolution has been studied when various acids are added in increasing amounts to 
sodium vanadate solutions. From very dilute solutions of alkali vanadate (0-01 and less) 
no vanadium pentoxide is precipitated. This is to be attributed to the difficulty with which 
sodium polyvanadate, Na,O,2-5V,O, (see Britton and Welford, this vol., p. 764) is decom- 
posed by strong acids, especially when the vanadium pentoxide eventually set free is 
insufficient to exceed the solubility of the oxide in the acid solutions. A difficulty was 
encountered in studying the reactions at ordinary temperatures owing to the great tendency 
of precipitated vanadium pentoxide to become peptised and thus to remain in an unfilterable 
colloidal suspension, the rate of precipitation being extremely slow. Also, as observed by 
Biltz (Ber., 1904, 37, 1098, 1770), precipitates of hydrated vanadium pentoxide produced by 
adding acids to vanadate solutions are gelatinous and readily become peptised on washing. 
The solutions were therefore boiled, for then not only is vanadium pentoxide precipitated as 
brownish-red flakes that are easy to manipulate, but the oxide held in colloidal suspension 
is thereby coagulated. Only by boiling could reproducible results be obtained. 

(2) Direct measurements of the solubility of vanadium pentoxide in various acid 
solutions were made at 18° and 100°. If the pentoxide behaves as a base towards acids, 
then considerable differences are to be expected in its solubility in solutions of strong and 
weak acids. Acids were therefore selected, the strengths of which vary over a wide range. 
Hydrochloric, nitric, and perchloric acids were chosen as typical examples of strong acids, 
sodium hydrogen sulphate, 7.e., HSO,’, and trichloroacetic acid as moderately strong acids, 
and sulphuric acid as a dibasic acid containing two stages of ionisation of slightly different 
strengths. The typical weak acids were di- and mono-chloroacetic and acetic acids. 

The investigation of the nature of vanadium pentoxide in acid solutions was also carried 


a stage further by means of measurements of electrical conductivity, py, and freezing 
points, 
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EXPERIMENTAL. 


1. The Action of Acids in Excess on Sodium Vanadate in Solution,—In every case, 50 c.c. of 
sodium vanadate solution, having the concentrations indicated at the head of Tables I and II, 
were treated with the volume (X c.c.) of acid solutions given in the first column, boiled for about 
5 mins., and then allowed to stand at room temperature until the precipitates had completely 
settled. The amounts of vanadium remaining in the liquid phases were estimated, and thence 
the percentage amounts of vanadium pentoxide precipitated were calculated. These percentages 
are recorded in Tables I and II and plotted in the figure, in which the number of equivs. of acid 
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is shown in excess of the amounts required to decompose the sodium vanadate completely 
(col. 2). As stated above, vanadium pentoxide is not precipitated from dilute solutions of alkali 
vanadate by any of the three weak acids. Curve F and the last column of Table I refer to a 


TABLE I, 


Percentage Amounts of Vanadium Pentoxide Precipitated. 


Na,VO,. 0-lm. 0-2m. 0-2m. 0-25M. 0-3m. 0-4. 0-4M. 

Acid, HR Acid, , 0-6N- 0-6N- 0-75N- 0-9N- 1-2n-  1-2n-HCl 
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series of solutions that had not been boiled. Comparison with curve C which refers to the same 
solutions after boiling shows that less vanadium pentoxide was precipitated than when the 
solutions had been boiled. If, however, boiling is prolonged, the vanadium pentoxide gradually 
becomes less soluble in the acids; e.g., curve K represents the effect of boiling under a. reflux 
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TABLE II. 
Percentage Amounts of Vanadium Pentoxide Precipitated. 


Equivs. H,SO, Na,VQ,. 0-125m. 0:25am. 050M. 

* Acid. 0-375n. 0-75N. 1-5N. 
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Curve K (Fig. 1) represents the percentage precipitation obtained by adding various amounts of 
1-5N-H,SO, to 50 c.c. of M-Na,VO,, without boiling (cf. curve J). 


condenser the solutions obtained by adding various amounts of 1-5n-sulphuric acid to 50 c.c. 
of 0-5m-Na,VO, for 3 hours. When compared with curve J it will be seen that greater 
precipitation resulted from the treatment. 

The precipitation data for the moderately strong acid, trichloroacetic acid, are incomplete, 
owing to errors introduced by decomposition of the acid into chloroform in more concentrated 
solutions, this being catalysed by the precipitated pentoxide. 

2. The Solubility of Vanadium Pentoxide in Acids.—The solubility of vanadium pentoxide in 
acids was determined by shaking the solutions with excess of the pure dry oxide for a month at 
18°. The solubilities are recorded in Table III in terms of g. and of g.-mols. of V,O, per 1. 


TABLE III. 
Solubility of V,O, per 1. 
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Monochloroacetic and formic acid tended to reduce the oxide to the quadrivalent stage. The 
data for 100° were obtained by heating the solutions obtained above for 8 hours in a steam-oven. 

3. Physicochemical Measurements on Acid Solutions of Vanadium Pentoxide.—Solutions of 
hydrochloric, nitric, and sulphuric acids, 0-:05n with respect to the acids and containing increasing 
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amounts of vanadium pentoxide, were prepared. Their specific conductivities were measured 
at 25° and are given below. 










Specific conductivities at 25° of 0-05n-acids +- xm-V,O;. 






G.-mols. of V,O, perl. = ~. 0. 0-001. 0-002. 0-003. 0-004. 0-005. 
HCl «x x 10 20-0 19-3 18-7 18-0 17-4 16-8 
HNO, « x 108 19-6 18-9 18-3 17-6 16-9 16-2 






H,SO, « x 108 13-6 13-1 12-7 12-3 11-8 11-3 











The conductivity for each of the acid solutions diminishes as the vanadium pentoxide content 
is increased, suggesting that the oxide no longer functions as an acid but that it reacts with the 
strong acids, forming basic ions. Simple calculation reveals that the diminished conductivities 
may be explained by the formation of a partly ionised salt of the type VO,R (R = Cl’, NO,’, or 
$SO,”) if the kation VO,° is assumed to have a mobility comparable with that of simple metallic 
kations. This view was confirmed by ~q measurements made by means of the glass electrode. 
Although this electrode is scarcely capable of accurately giving pq values of solutions of strong 
acids, it was found that glass electrodes, which had been carefully calibrated in 0-05n-solutions 
of the respective acids, indicated slightly higher pg values when vanadium pentoxide was present ; 
e.g., 0-05N-hydrochloric acid gave a pg higher by 0-07 unit when 0-005m-pentoxide was added. 

The combination which takes place between vanadium pentoxide and strong acids has a 
small, but definite, effect on the freezing point of the solutions; e.g., 0-1N-hydrochloric acid has 
f. p. — 0-355°, but in presence of 0-1m-pentoxide the f. p. is —0-345°. The difference of 0-010° is 
thus to be attributed to the replacement of some hydrogen ions by some other kations, possibly 
VO,", the resulting salt not being ionised to the same extent as the hydrochloric acid itself. 


















DISCUSSION. 


The figure shows that hydrochloric, nitric, and perchloric acids, in the particular 
concentrations used, cause vanadium pentoxide to be precipitated from alkali vanadate 
solutions before the stoicheiometric amounts of acid have been added. When 2-60 equivs. 
of a strong acid have been added to a solution of sodium orthovanadate, Na,O,2-5V,0, is 
formed, this being the salt of the comparatively strong acid produced when vanadium 
pentoxide dissolves in water. The solubility of vanadium pentoxide in water is, however, 
only small, being slightly less than 0-002 g.-mol./l. Since hydrochloric acid is somewhat 
stronger than polyvanadic acid, addition of the former to sodium polyvanadate gradually 
causes replacement of the complex vanadic acid, Na,O,2-5V,0,; + 2HCl = H,0,2-5V,0, + 
2NaCl, and therefore as the equilibrium moves towards the right and the solubility of 
vanadium pentoxide is exceeded it will be increasingly precipitated. With very dilute 
solutions no vanadium pentoxide is precipitated even though an excess of mineral acid be 
added, but as the figure shows, precipitation occurs from 0-1m-vanadate and more con- 
centrated solutions. Redissolution of the vanadium pentoxide takes place when a larger 
excess of acid is added; the precise amounts of acid required to effect dissolution depend on 
the strength of the acid and the concentrations of the solutions used (see figure). The three 
weak acids used cause no precipitation from vanadate solutions. This is attributed to the 
inability of these acids to replace the much stronger polyvanadic acid from sodium poly- 
vanadate (cf. Britton and Robinson, J., 1932, 1955). The fact that the vanadium pentoxide 
dissolves in solutions of strong acids when in sufficient concentration reveals that the oxide 
is amphoteric and behaves as a base in presence of excess of strong acids. This is also 
brought out by the solubility data in Table III, which show that it is a very weak base, 
for considerable amounts of the weaker acids are required to effect its dissolution. On the 
other hand, the amount of vanadium pentoxide is proportionately larger in the dilute 
solutions than in the more concentrated ; ¢.g., 6-74 mols. of hydrochloric acid are required 
in 0-2N-solution to dissolve 1 mol. of pentoxide, whereas 10 mols. are required in 2n-acid. 
With a weak acid, like acetic, the molecular proportions are much greater. This, at first 
sight, might appear anomalous, for if vanadium pentoxide behaves purely as base, the 
reverse would be expected. Two influences come into play, however, when vanadium 
pentoxide dissolves in an aqueous solution of an acid. In addition to that which dissolves in 
the acid as a base a certain amount dissolves as polyvanadic acid; in dilute acid solutions 
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the latter is appreciable, and consequently the oxide becomes relatively more soluble in 
dilute than in concentrated acid solutions. 

Vanadium pentoxide begins to precipitate with hydrochloric, nitric, and perchloric acids 
when approximately 2-70 equivs. of acid (per mol. of sodium vanadate) are added. With 
this amount of acid the sodium polyvanadate is just beginning to suffer replacement by the 
strong acids, and owing to the sparing solubility of vanadium pentoxide, partial separation of 
the oxide occurs. Precipitation, however, never becomes complete, but it is significant that 
with these strong acids it reaches maximum amounts when the added acid is sufficient 
to convert all the alkali polyvanadate into alkali chloride. With such strong acids, con- 
centration appears to have but a slight effect. With acids, e.g., sulphuric and trichloro- 
acetic, more comparable in strength with polyvanadic acid, the concentration of the 
reactants has an appreciable effect both on the incidence of precipitation and on the 
amounts which cause maximum precipitation. This is clearly demonstrated by the curves 
H,I, J,andG. Inthese cases the acids are unable to effect replacement of the polyvanadic 
acid from its sodium salt. 

Redissolution of vanadium pentoxide requires an excess of the strongest acids equal to 
about 5 equivs. per atom of vanadium, whereas 7-5—9 equivs. of sulphuric acid are required. 
Here again it will be noticed (curve A) that redissolution occurs with less than 5 equivs. of 
acid when using the most dilute solutions (see below). As a base, vanadium pentoxide is 
extremely weak, and the fact that about 5 equivs. of a strong acid (per atom of vanadium) 
dissolve the oxide does not signify that VCl, is formed in solution, for both the pg value and 
electrical conductivity indicate considerable hydrolysis, so much so that the acid does not 
combine appreciably beyond the stage V(OH),Cl or VO,Cl. Both the conductivity and the 
small change in freezing point suggest that the basic salt is partly ionised. The excess of 
acid required to promote the dissolution of the pentoxide would thus appear to be necessary 
to prevent the basic salt from hydrolysis. Similar reasoning applies to the combination 
with nitric and perchloric acids and also to sulphuric acid, but since the last acid is weaker 
than the other two, greater concentrations of it are required to stabilise the basic sulphate 
(VO,),SO, by repressing the hydrolysis. 


One of the authors (G. W.) thanks the Senate of this College and the Devon Education 
Committee for Scholarships. 
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UNIVERSITY COLLEGE, EXETER. [Received, April 12th, 1940.] 









175. Mechanism of Elimination Reactions. Part V. Kinetics.of Olefin 
Elimination from Ethyl, isoPropyl, tert.-Butyl and «- and 6-Phenyl- 
ethyl Bromides in Acidic and in Alkaline Alcoholic Solution. Effects 
due to, and Factors influencing, the Two Mechanisms of Elimination. 


By Epwarp D. HuGuHEs, CHRISTOPHER K. INGOLD, STANDISH MASTERMAN, and 
Basit J. McNuLty. 


Notwithstanding a criticism by W. Taylor (1937), the work of Hughes, Ingold, and 
Shapiro (1938) on the proportions and kinetics of olefin elimination from isopropyl 
bromide is found to be correct. On the other hand, Taylor’s results for the proportions 
of olefin formed in a range of examples are incorrect. Taylor’s work has been partly 
revised ; one reason why it could not be completely revised is that some of the reactions 
whose products are allegedly estimated do not proceed at all at the temperatures 
stated. 

We have supplemented our work on the proportions of olefin formed from alkyl 
bromides by a study of the corresponding reaction kinetics, according to the pattern 
set by Hughes, Ingold, and Shapiro’s investigation. In close analogy with previous 
experience relating to the Walden inversion (1937), it has been found that an investig- 
ation of the kinetics of the reactions associated with olefin elimination is definitely 
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required in order to reveal what is happening; but that once this is known, the appar- 
ently inconsistent observations of the older literature fall into place, and it is possible 
for the first time to make widespread, and rationally based, predictions as to the 
effect of chemical constitution and physical condition on the phenomenon. In close 
analogy with previous experience relating to substitution (1935), the key throughout is 
duality of mechanism. A discussion is given of the effect of the structure of the alkyl 
halide, the constitution of the reagent, the nature of the solvent, and the concentration ; 
a previous discussion of the remaining variable, temperature, is referred to. We also 
outline, and carry through the first stage in the execution of, an experimental programme 
designed to give quantitative significance to the theory by the provision of important 
rate constants of the constituent mechanisms (E1 and E2). This is done for ethyl, 
isopropyl, tert.-butyl and «- and $-phenylethyl] halides. 


Since the earlier Parts of this series appeared (1937) Taylor has published a number of - 


papers which (the method of private approach having failed) it is regrettably necessary to 
controvert, not only as to the inferences, but also with respect to many of the recorded 
observations. The points are dealt with as they arise in the first six of this running group 
of papers, the remaining ten being concerned with a more normal extension of our study of 
substitution. As it will be necessary to discuss a large number of Taylor’s papers, including 
all which have appeared in the last two years,* it is convenient to number them: (1) J., 
1935, 1614; (2) J., 1987, 343; (3) ibid., p. 992; (4) tbid., p. 1862; (5) sed., p. 1853; (6) 
tbid., p. 1962; (7) Rec. Trav. chim., 1937, 56, 898; (8) J., 1938, 840; (9) J. Amer. Chem. 
Soe., 1988, 60, 2094; (10) J., 1939, 478; (11) [Added 23.3.40] sbid., p. 1872. 

In sections (1) and (2) below we shall refer to experimental data on the proportions of 
olefin eliminated during the hydrolysis or alcoholysis of some alkyl halides. In section (3) 
we shall discuss the variation of this proportion with constitution, concentration and other 
factofts. 

(1) A Criticism. 


In paper (6) Taylor reported estimations of the proportions of olefin formed from a 
number of alkyl halides, including isopropyl and tert.-butyl bromide; this was done at two 
temperatures, and in several “ media,’”’ viz., the vapour, carbon tetrachloride, water, 
aqueous ethyl alcohol, and dry ethyl alcohol under various conditions of alkalinity. The 
extensive series of results given would be valuable if it were trustworthy. In one case, 
however, as Taylor himself noticed, the figure given could be checked against a value 
already published by Hughes, Ingold, and Shapiro (J., 1936, 225) for tsopropyl bromide ; 
and there was not even qualitative agreement. The last-named authors had found 56-8%, 
of propylene in the product of the reaction of isopropyl bromide with alkaline 80% aqueous 
alcohol at 60°; a change to a drier alcoholic solvent, or to a higher temperature should (and 
does) raise this figure (idem, ibid.) ; but, for the alcoholysis of the same bromide in alkaline, 
anhydrous ethyl alcohol at 55°, Taylor recorded 27-6% of propylene. (We shall see later 
that the correct value is 75° for these conditions.) He dealt with the discrepancy as 
follows: “ Hughes, Ingold, and Shapiro found, . . . in 80% alcohol at 50°, 56-8% of 
olefin. A repetition of their method of estimation, however, revealed a distinct possibility 
of alcohol vapour having passed over into the standard bromine ”’ (used to estimate the 
olefin). 

In view of this implied criticism we re-examined Hughes, Ingold, and Shapiro’s method, 
which consists in aspirating the gaseous olefin, after trapping alcohol vapour, into a 
solution of bromine, the standardisation of which is substantially a similar “ blank” 
experiment without the olefin. A careful further study showed the method to be essentially 
reliable, the results tending to be a little low if in error at all, although with due precaution 
and some experience they can be made accurate to 1—2% for percentages in the neighbour- 


* [Added 23.3.40.] The present papers were for the most part written in the spring and summer of 
1939, and the manuscripts have not been changed except by a limited number of dated additions. 
The latter have been written from the Edward Davies Chemical Laboratories, Aberystwyth, where for 
some months past three of the authors (L.C. B., E. D. H., and C. K. I.) have been receiving kind hospitality 
from Professor T. Campbell James, whom it is desired to thank. 
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hood of 60. We find the particular result on which Taylor sought to throw doubt to be 
accurate, certainly to within this limit. 

Having failed to elucidate the discrepancy thus, we next examined Taylor’s procedure, 
which consists in extracting the olefin with carbon tetrachloride, washing the extract 
thoroughly with water to remove all traces of alcohol (this he states to be essential), and 
then measuring the uptake of bromine. Using this method, we were able to imitate 
Taylor’s values qualitatively. But quantitatively the results were quite unreproducible, 
and it is obvious to us, that if Taylor had repeated his measurements he could not have 
failed to realise that something was amiss. What is wrong is that in the process of washing 
away “‘ all traces ”’ of alcohol most of the gaseous olefin escapes. The method is a possible 
one for non-volatile olefins, but certainly not for gaseous olefins. 

Now the method of estimating olefins formed in reactions by extraction with carbon 
tetrachloride or chloroform has been developed by us since 1933 (Hughes and Ingold, 
J., 1933, 523, and six subsequent papers), but we have always found it necessary to take 
precautions indicated by the nature of the olefin under analysis. An olefin like styrene 
can be estimated practically without precautions; but this is not so for the lightest olefins, 
not only because of their volatility, but also because the partition ratios are insufficiently 
favourable to permit indiscriminate washing of the solvent extract with water. In view 
of Taylor’s failure with the method it seems desirable to specify the main points of a 
moderately accurate technique for volatile olefins. They are (cf. also p. 910) : (1) Use of an 
adequate quantity (very much more than Taylor’s) of chloroform; (2) working below 0° ; 
(3) omission of all washings with water, except that the introduction and subsequent 
removal (once) of a small quantity of aqueous acid is necessary to secure the destruction of 
alkali; (4) removal of unseparated water and a good deal of dissolved alcohol by means of 
calcium chloride; (5) introduction into the bromine solution of hydrogen bromide, which 
strongly and selectively catalyses the addition of bromine to the olefin (the hydrogen 
bromide does not itself add appreciably under these conditions), and renders the simul- 
taneous attack of bromine on any imported alcohol small and readily estimated by “ blank ”’ 
experiment ; (6) incorporation of the “ principle of the blank experiment ” into the standard- 
isation process. Even with precautions 1—5, losses of olefin are not entirely avoided; but 
we have reduced them (except for ethylene) to small proportions, and standardised them 
rather precisely. Thus the most important part of the “ blank ’’ procedure is the determin- 
ation of these losses by application of the complete method to artificially prepared solutions 
of the olefins. Carried out in this way, the extraction method is comparable in accuracy 
with the aspiration method for isobutylene, and almost so for propylene, though its 
application to ethylene is not satisfactory 

As no reliance could be placed on Taylor’s table of values, we have done what we can to 
revise it, since its revision contributes to a more general research on olefin elimination the 
main part of which will be published later. We have, however, extended our revision only 
over a distributed sample of conditions relating to Taylor’s main solvent, dry ethyl alcohol, 
and the higher of his two temperatures, 55°; for it would have taken long to produce so 
many data as he recorded by any reliable method known to us.* The discrepancy 


already considered is typical for the halides mentioned. Other reasons for not extending 
the revision are given on p. 910. 


(2) Methods and Results. 


In order to be able to give a clear picture of the whole phenomenon of the varying pro- 
portions in which olefins are formed during the hydrolysis and alcoholysis of different alkyl 
halides under different conditions, we found it necessary also to make a study of the re- 
action kinetics over the ranges of conditions used in the experiments on olefin production. 
As we increase the concentration of alkali for one particular alkyl halide, the kinetics pass 
over from first order to second, because the alkali enters directly into the second-order 


* It happens that in a research with quite a different object from this, Dhar and one of us have 
recently been measuring the elimination of olefin during the hydrolysis of fert.-butyl bromide in dry 
éthyl alcohol at 25°; this is the second of Taylor’s two temperatures. The results, carefully checked, 
reveal discrepancies with Taylor’s values of just the same kind as those disclosed im this paper. 
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reaction but not into the rate-determining stage of the first. It is important to know when 
this change happens. As might have been expected from the smaller ionising power of 
alcohol than of water, and from the probably greater nucleophilic activity of ethoxide than 
of hydroxide ions, the change tends to occur earlier in anhydrous alcohol than in the aqueous 
alcoholic solvents which we have employed previously. 

The older literature of olefin formation from alkyl halides is prolific but entirely empirical, 
and the results are at first sight confusing. Indeed the situation reminded us strongly of 
that in which we found the Walden inversion when we commenced to study that subject. 
Guided by this experience, we considered the best hope of rationalisation to be the pro- 
cedure indicated in the previous paragraph. Of the four chief variables, viz., halide 
structure, reagent, solvent, and concentration [temperature is less important, and was 
discussed by Hughes, Ingold, and Shapiro (loc. cit.)], we deal experimentally with only two, 
viz., halide structure and concentration, and our treatment of halide structure is far from 
complete. We hope in due course to apply the same method over a representative range 
of all the main variables. However, we discuss them all at the present time, since our 
previous work, together with that now communicated, already makes clear the type of result 
we must expect in this wider field, and removes much of the apparent inconsistency of the 
older literature. 

The experimental results are in TableI. The large figures are those of main significance, 
the small ones being of the nature of experimental detail, included to avoid duplicating the 
record in the experimental section of the paper. For the olefin estimations, the aspiration 
method was used for ethyl and isopropyl bromides; our form of the extraction method was 
used throughout; the agreement was satisfactory, even for ethyl bromide. We do not 
think that any of the olefin figures are likely to be in error by more than 2%, and those given 
for ethyl bromide are probably correct to within 0-394. The reason why the aspiration and 
extraction methods gave the same result for ethylene (usually to within 0-2%), although the 
extraction method is in principle unsatisfactory, is that so little ethylene is formed that a 
proportionately considerable error has only a small absolute value. Naturally we used more 
than the normal amount of alkyl halide in order to increase the absolute quantity of ethylene 
to be measured, and, because of its low solubility, employed more than the normal amount 
of chloroform for extraction. In one case, that of isopropyl bromide in acid solution, we 
are able to give the result for olefins only in qualitative form, because the reaction is so slow : 
we know that after 20% of reaction no measurable quantity of olefin had been produced ; 
although if we could have completed the reaction the propylene might have been 
measurable. 

With regard to the kinetic data, a good deal of the necessary explanation is in the “ key ” 
at the top, or in notes incorporated in the body of the Table; the following remarks are 
supplementary. The unmeasured first-order rates for ethyl and £-phenylethyl bromide are 
probably of the same order of magnitude as the measured first-order rate for isopropyl 
bromide. Where a second-order rate is measured in dilute and in concentrated alkali, we 
find a reduced value in concentrated alkali: this is due to “ salt effects,” 7.¢., to deviations 
from the concentration form of the mass-law in strong solutions. As we had to maintain a 
constant temperature throughout, some of the rates were very small, others inconveniently 
great. Slow first-order rates in acid solution are measured by the method of initial 
velocities, because in the later stages of reaction analysis is disturbed by interaction of the 
liberated hydrogen bromide with the solvent. The second-order reactions in concentrated 
alkali are very rapid, and the recorded constants can be regarded only as rough approxim- 
ations. Kinetic experiments in which first- and second-order reactions are present together 
in comparable proportions are illustrated in the experimental section, but no constants are 
recorded in the Table, because of the great errors that attend an a priori mathematical 
analysis of such experiments. If the concentration mass-law were strictly true, i.e., if rate 
constants applied unchanged over large changes of alkali concentration, we could exactly 
calculate the proportions of the constituent reactions; but owing to the incursion of salt 
effects in the more concentrated alkaline solutions, this is not possible, and the best estimates 
that we can make (cf. p.912) of these proportions are necessarily rather rough (cf. notes in the 
Table). The above applies, in particular, to «-phenylethyl bromide. For isopropyl 
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bromide we can give accurate values for the second-order rate constants in dilute alkali, 
because, although the first-order reaction is simultaneously present, its proportion is small 
and we know its rate constant. On the other hand, for ¢ert.-butyl bromide we cannot 
similarly give accurate values for the first-order rates in dilute alkali, because, although the 
proportion of the simultaneous second-order reaction is also small, its determined rate 
constant is subject to a salt effect which cannot be precisely estimated. 

No attempt has been made to analyse the proportions of olefin into parts for which the 
first- and second-order reactions are separately responsible ; the figures tabulated are plain 
experimental values. In convenient cases, ¢.g., the acid hydrolyses of ¢ert.-butyl and 
a-phenylethyl bromide, the development of olefin was followed during the run; this ensures 
that no error shall arise through the incursion of olefin hydration (Hughes and MacNulty, 
J., 1937, 1283). The same could not easily be done (nor was it necessary) for the rapid 
reactions in alkaline solution, for which the olefin proportions were obtained by analysis of 
the product of the completed reaction. For the reactions of mixed order the olefin propor- 
tion would have varied through the run, and the analysis of the variation would have 
presented the same difficulties as those of the corresponding kinetic analysis. For these 
reactions the olefin values were obtained for (and apply only to) the completed reaction. 
The figures for styrene are in fair agreement with Taylor’s values. 


TABLE I, 


First-.and Second-order Rate Constants for, and Percentages of Olefin formed in, Reactions 
of Alkyl Bromides in Dry Ethyl Alcohol at 54-9° +. 0-05°. 


Key ; PEB = phenylethyl bromide; 4, = first-order rate constant in sec,*; hk, = second-order 
rate constant in sec.1g.-mol.11.; [N aOEtlappx.. = approximate value of [NaOEt] ado ted for con- 
venience in tabulation ; [NaOEt], - = accurate initial NaOEt in rate experiments; [NaOEt],, = accurate 
mean of initial and final [NaOEt] in olefin yy epee y The horizontal lines indicate the approximate 


range of supersession of the first-order by the second-order reaction, and vice versa. As to “‘ mixed 
order ’’ reactions see p. 902. 
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(3) Discussion. 

The first reasonably accurate and complete kinetic analysis of hydrolysis or alcoholysis 
with olefin elimination in a simple alkyl halide was Hughes, Ingold, and Shapiro’s study 
of isopropyl bromide (loc. cit.); extensions were subsequently made to isopropyl chloride 
and iodide, f-n-octyl chloride and bromide, ¢ert.-butyl chloride, bromide and iodide, and the 
three corresponding ¢ert.-amyl halides (Hughes and Shapiro, J., 1937, 1177, 1192; Hughes, 
Ingold, and Shapiro, ibid., p. 1277; Cooper, Hughes, and Ingold, ibid., p. 1280; Hughes and 
MacNulty, loc. cit.). The general outcome may be summarised as follows: In the first 
place there is a second-order reaction, which consists of two simultaneous and independent 
reactions, substitution and elimination (Sy2 and E2), in certain proportions; and super- 
posed on these, there is a first-order reaction, consisting also of simultaneous substitution 
and elimination (Syl and El), but in quite different proportions. In a particular case it 
may be possible to simplify this covering statement for a specified range of conditions, if it 
happens that within this range at least one of the four constituent reactions is slow in 
comparison with the others. 

Now Taylor noticed a further discrepancy in the previous literature. Both Brussoff 
(Z. physikal. Chem., 1900, 84, 129) and Segaller (J., 1913, 103, 1430) had studied the pro- 
portions in which olefins are eliminated from alkyl halides in alkaline solutions; and whilst 
Brussoff had found the order prim. < sec. > tert., Segaller’s results had indicated sec. 
< tert. Taylor’s (incorrect) results for isopropyl and ¢ert.-butyl bromide gave the order 
sec. < tert. His comment was that “ Brussoff’s method of olefin estimation . . . is not 
capable of high accuracy,” and that his own “ accurate measurements ”’ remove “ any 
doubt as to the influence of structure on the proportions of olefin formation.” 

Our results indicate, on the contrary, that most of the earlier work on olefin formation 
may be correct, at least approximately. Thus in the particular example on which Taylor 
challenged our values, he was (though apparently unaware of it) in conflict with previous 
investigators additional to Brussoff and ourselves. Nef (Annalen, 1899, 309, 126; 1901, 
318, 1) obtained 74% of propylene from the action of ethyl-alcoholic sodium ethoxide on 
isopropyl bromide; and Nef’s similar value, 75%, for ethyl-alcoholic potassium hydroxide 
was approximately confirmed by Bell and Clark (Trans. Roy. Soc. Canada, 1935, [3], 29, 
61), who, using this reagent in a very concentrated form, 4-5N, obtained the value 83%. 
We show that, with sodium ethoxide, values ranging from 71—80% are obtained, depending 
on the concentration, 0-05—2-5n, of this reagent. 

Concerning Brussoff’s and Segaller’s opposite sequences for secondary and tertiary 
halides, a glance at Table I (or at Fig. 1, explained later) will show that both may be 
correct if the conditions are appropriate. For isopropyl and ¢ert.-butyl bromides in reaction 
with alcoholic sodium ethoxide, Brussoff’s inequality applies to the more dilute alkaline 
solutions and Segaller’s to the more concentrated (though other factors are involved in the 
actual reasons why these investigators obtained their sequences, as will appear later). 
Thus the only previous indefensible conclusion concerning the secondary-tertiary sequence 
is that of Taylor’s quoted. Actually the result depends on the changes of reaction order, 
which were unknown to Brussoff and Segaller, though a knowledge of such changes was 
available to Taylor (cf. J., 1937, 343). 

We shall not discuss Taylor’s theory of the effect of alkali concentration on the relative 
proportions of substitution and olefin elimination, because the theory is incorrectly founded 
and neglects the essential changes of kinetic type. We also think it unnecessary to go into 
detail concerning his theory of the effect of structural changes, since this involves an appeal 
(paper 7) to formulz of type I and relies (paper 6) on an assumed reaction-form II (two- 
point attack by adjacent atoms on adjacent atoms), which does not satisfactorily accommo- 
date the Walden inversion (cf. paper 7) known to be general amongst the substitutions con- 


templated (Cowdrey, Hughes, Ingold, Masterman, and Scott, J., 1937, 1252). Instead, we 
shall state our own view. 
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The connexion between olefin proportion and kinetic type can be followed from Table I, 
in which the horizontal lines guide the eye to the regions where kinetic change occurs. The 
data for tert.-butyl and «-phenylethyl bromides show the general relationship most com- 
pletely, and the five sets of results collectively make it perfectly clear: so long as the 
kinetic order * remains single (first order only or second only) the olefin percentages remain 
almost constant; but when the order is changing the olefin percentage is simultaneously 
shifting from its old characteristic value to its new. One characteristic value represents 
the ratio El1/(Sy1 + El), and the other the ratio E2/(Sy2 + E2). 

The central point of our theory of the connexion with structure has already been given 
by Hughes and Ingold (J., 1935, 244; cf. Gleave, Hughes, and Ingold, 7bid., p. 236), who 
showed (in advance of the observations) that we should expect the change from first to 
second order with increasing alkalinity to 6ccur at successively later stages in the series 
primary, secondary, tertiary, for aliphatic halides, and that for one kind of halide (e.g., 


Schematic Representation of the Connexion between Olefin Proportion, Alkyl Halide Structure, 
Alkalinity and the Solvent Composition. 


(All scales arbitrary.) 
Fic, 1, Fie. 2. 


Zp ZR 


is order ora, 





5 


= 





| 
BS 
3 
Ss 
5 
é 


“Segaller +: \\ 7 
sequence” aaer 
(tert) sec.) (tert) sec) (sec) tert) (tert) sec.) 
Alkalinity —> P  Solvating power of solvent—» /® 


2 ee ee ee 


(tert) sec.)' 




















v4] R 0 


[As regards the position of the change of reaction order, curve II applies to an alkyl group which 
has more, or more strongly, electron-releasing a-substituents than the alkyl group of curve I.] 


secondary) it should occur later when a phenyl substituent occupies the «-position of the 
alkyl group. 

The interaction of the relationships indicated in the two preceding paragraphs is schem- 
pay a illustrated in Fig. 1, in which curve I might represent an isopropyl, and curve II a 

tert.-butyl halide, in reaction with sodium ethoxide. We see two intersections, and there- 
fore that, in a sufficient fg range, there may be a double inversion as between Brussoff’s 
and Segaller’s types of sequence. If we shift one curve vertically, or alter its vertical span, 
there could be fewer intersections (one or none), as might be illustrated by comparing ethyl 
and tsopropyl, or g- and «-phenylethyl halides. 

In Fig. 1 the solvent is supposed to be kept constant, the alkalinity alone being varied. 
But quite analogous considerations apply for variation of the solvent with the alkalinity 
kept constant. We know that in alkaline solution the importance of the first-order reaction 
relatively to the second diminishes along the series tertiary, secondary, primary; and also 
that the effect of a more highly solvating solvent is to retard the second-order reaction and 
accelerate the first (Hughes and Ingold, Joc. cit.). Therefore, if at a fixed alkalinity which 
leads to second-order reactions in a particular solvent, we change to more strongly solvating 

* Reference here and in the sequel is to the order of the measured, total reaction. This order will 
change when the order of either of the constituent processes (substitution and elimination) is changing. 
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solvents in a progressive manner, the first reaction to drop from second order to first will be 
that of the tertiary halide, the next that of the secondary, and the last that of the primary 
halide. Thus, if we make a plot of olefin proportions against solvent variation, we must 
obtain curves of the type shown in Fig. 2, with up to two intersections, and therefore the 
possibility of a double inversion as between the ‘‘ Brussoff’’ and “ Segaller”’ types of 
sequence in a sufficiently extended range of solvents, The main qualitative difference from 
the curves of Fig. 1 is that the new curves will not be horizontal when the reaction order is 
single on account of the solvent effect on the separate rate-ratios E2/(S,y2 + E2) and 
El/(Syl + El), The directions of the deviations shown in Fig, 2 are taken from Hughes, 
Ingold, and Shapiro’s study of the variation of the former ratio for isopropyl bromide, and 
Hughes and MacNulty’s investigation of the variation of the latter for tert,-amyl chloride, 
in alcohol-water mixtures (loc. cit.).* Actually the solvent-range, pure alcohol to pure 
water, is sufficient to illustrate only the first two of the three sections into which Fig. 2 is 
divided by ordinates drawn at the intersections. 


Fic. 3. 
Fic. 4. 
Schematic Representation of Connexion between 


Olefin Proportion and the Concentration of a 
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(For significance of I and II, see note under 
Figs. 1 and 2.) 


Relief corresponding to Figs. 1 and 2. 


For the purpose of considering alkalinity and solvent effects together it is convenient 
to sketch out the three-dimensional relief of which Figs. 1 and 2 are mutually perpendicular 
sections (with PZp in common). As much of the relief as is necessary to understand the 
behaviour of alcohol-water mixtures is shown in Fig. 3. 

On this basis we can review the previously published literature more coherently than 
heretofore. The sequence which Taylor associated with the name of Segaller (to whose work 
reference is made later) was first obtained by Nef (locc. cit.). He used rather concentrated 
alkali and drier alcoholic solvents than most other investigators, often absolute alcoholic 
sodium ethoxide. Thus he was working near the PZp ordinate, and we can therefore 
understand his sequence prim. < sec. < tert. On the other hand Brussoff (loc. cit.), and 
probably also Bell and Clark (loc. cit.), were working in the middle region of Fig. 2, appar- 
ently a little to the right of the first intersection : the solvent in “ concentrated alcoholic 
potash ’’ would have to be regarded as wet (2KOH = H,O) even if the reagent were made 
from dry alcohol and freshly fused potassium hydroxide; in practice extra water is always 
introduced with the alkali; and furthermore Brussoff states that he used wet alcohol. 
Therefore it is natural that these investigators should obtain the sequence prim. < sec. 
> tert. French and his collaborators (J. Amer. Chem. Soc., 1934, 56, 1346; 1935, 57, 

* Variation in the same sense has been found in unpublished investigations by Cooper and Hughes 
on the hydrolysis (with elimination) of éert.-butyl bromide in acidic ethyl alcohol—water mixtures at 
25° and in acidic acetone—-water mixtures at 50°. 
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1574, 1576) used only water as solvent (two liquid phases being present), and a range of 
alkalinity corresponding to the right-hand section of the face QR’ZpZg of Fig. 3. Thus 
they obtained the order sec. > tert., and observed a rising proportion of olefin with in- 
creasing alkalinity in the case of the secondary compound. Woodburn and Whitmore 
(ibid., 1934, 56, 1394) also used water, but with a wide py range; however, they studied 
only tertiary halides. Their results are confirmatory as far as they go, though the method of 
experiment introduces disturbances (cf. Hughes and MacNulty, loc. cit., p. 1288). 

One other major factor has to be considered, viz., the reagent. The above applies with- 
out modification only to strongly basic reagents, such as the hydroxide and ethoxide ions. 
For many alkyl halides these reagents give considerable proportions of olefin in the second- 
order reaction, and in the illustrative curves we have shown these proportions as higher 
than those characterising the corresponding first-order decompositions. Now in the second- 
order elimination the attack of the reagent is on hydrogen whilst in the second-order 
substitution it is on carbon, and therefore the olefin proportion for the second-order reaction 
will depend on the relative nucleophilic activities of the reagent towards hydrogen and 
towards carbon. But we know that these two properties do not run exactly parallel; 
that activity towards hydrogen is on the whole more sensitive to progressive constitutional 
change than activity towards carbon. To take an extreme case, the bromide ion has 
practically no nucleophilic activity for hydrogen (basicity), but retains a moderate activity 
for carbon (halogen exchange reactions). Therefore as we pass through a basicity series, 
such as OH~, OPh~, OAc~, Br-, we would expect the second-order olefin proportion to fall 
practically to zero, and at a certain intermediate stage (which cannot theoretically be 
specified) to fall below the proportion characteristic of the first-order reaction. The results 
of Segaller (loc. cit.), who used phenoxide ions in absolute alcohol, can be explained if we 
may infer that the anticipated inversion of the proportions characteristic of the two 
reaction orders has already occurred with the phenoxide ion. For, if we redraw Fig. 1, 
setting the right-hand levels below the left-hand levels, but keeping the right-hand levels in 
order amongst themselves (the change of reagent is unlikely to affect this), then both the 
intersections disappear (Fig.4),and one sees that the sequence, tert.>sec., applies throughout 
the concentration range. If this is true for phenoxide ions, it surely will be for acetate 
ions; and thus we can explain why Mereshkowsky (Annalen, 1923, 431, 231), using acetate 
ions, duplicated Segaller’s finding. 

We omit from this review detailed treatment of the formation of olefins from alkyl 
halides in the presence of silver salts, because the central point is very simple: the decom- 
position under these conditions is a heterogeneous analogue of the unimolecular homo- 
geneous reaction, as has already been shown in connexion with the Walden inversion 
(Cowdrey, Hughes, Ingold, Masterman, and Scott, Joc. cit.). We also omit the subject of 
olefin formation by the reaction of alkyl halides with amines, because the discussion, 
which would be necessary, of the factors influencing the formation and the decomposition 
of ammonium salts would inevitably be lengthy, being a double application of principles 
analogous to those already illustrated. 

On the basis of the collation scheme given (into which our previous work fits perfectly) 
there is nothing of significance in the literature that cannot be understood. Also we are 
for the first time able rationally to choose the best condition for obtaining a desired result. 

One can appreciate how, in the absence of such a scheme, the apparent inconsistencies of 
the literature have led to misconceptions. These have been repeatedly copied in papers 
and books, and persist in modern text-books of Organic Chemistry. As it is very desirable 
that these errors (which are not even mutually consistent) should be corrected in future 
editions of such books, we mention the most important (omitting references, which, 
however, all relate to the last 4 years): (1) That ethyl bromide and alcoholic potassium 
hydroxide give mainly ethylene (they give about 1%). (2) That the aqueous hydrolysis of 
halides to alcohols is greatly accelerated by alkalis (true only for primary and some secondary 
halides). (3) That the main substitution products given by alcoholic potassium hydroxide 
are alcohols. (4) That alcoholic potassium hydroxide does not give’ substitution products 
(Nef disproved both these statements 40 years ago by isolating 50+60%, of alkyl ethyl 
ethers from the reaction products of several primary halides with alcoholic potassium 
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hydroxide). (5) That aqueous potassium hydroxide does not give olefins. (6) That tend- 
ency to olefin production amongst alkyl halides is to be represented without qualification 
by the sequence prim. < sec. < tert. (disproved by Brussoff in 1900). (7) That tendency 
to olefin elimination from the same alkyl group follows the series chloride < bromide < 
iodide (generally true only for bimolecular reactions; whilst for unimolecular reactions the 
proportions of olefin are in first approximation the same, the small observed differences 
tending on the whole in the opposite direction). 

We have seen that the representation of the whole field of phenomena depends on our 
being able to construct curves such as those shown in Fig. 1. Disregarding salt effects, one 
can completely construct such curves if one knows the four rates Syl, Sy2, El, E2. Now it 
would be a prohibitively lengthy task to determine all these rate constants individually, at 
close spacing, and over a wide range of all the possible variables; but we have shown in 
many papers since 1933 how, in the case of the first two rates, Syl and Sy2, theory can aid 
us by enabling qualitative inferences to be made from a strictly limited number of suitable 
observations. We know in fair detail how the rates Syl and Sy2 must vary with constitu- 
tional, reagent and solvent changes, so that series can be often filled in when only a few 
members have been studied. Thus our object now must be to bring the other two rates, 
El and E2, into a like position, the experimental task being to produce a relatively small 
number of suitable observations, the usefulness of which theory can extend. 

One item of this programme can be contributed now, by pointing to the effect of 
a-substitution in the alkyl group on the rates of the constituent reactions. Table II con- 
tains the data. It illustrates the necessity for such kinetic analysis (commenced by 
Shapiro and two of us in 1936) as a preliminary to the rational solution of the problem of 
elimination reactions. It also illustrates the uselessness of the previous literature for this 
purpose. For instance, if we were to compare total bimolecular rates for ethyl and ¢ert.- 
butyl halides under strongly alkaline conditions, we should be comparing an almost pure 
substitution with an almost pure elimination; whilst, if we were to compare rates regardless 
of kinetic order (as has often been done) for the same two halides but under conditions of 
dilute alkalinity, we should be comparing.a bimolecular substitution with a mixture of 
unimolecular substitution and unimolecular elimination. 


TABLE II. 


Rates of the Four Reactions constituting the Hydrolysis of Alkyl Bromides in Dry 
Ethyl Alcohol at 55°. 


Key: See Table I, p. 903. Values relating to concentrated alkaline solutions (N and over) are given 
in parentheses. 


Bromide. Sy1(105h,). Sy2(104R,). E1(105%,). E2(104k,). 
o—_———_—_ i 
ND sataiicninshinnilinns 


0-20 (0-12) 
SIPEITL.... deo ccnpesseesticevere ses 1-5 (0-75) 
PEE eixcdnstdvecschectececes -- (~5) 
a-Phenylethyl — ..........0..se00s —_ (~5) 
B-Phenylethy] ) 60 (-—) 


The values for reactions Syl and Sx2 are included in the table for the sake of com- 
pleteness: they merely confirm what was previously known and explained (Hughes, 
Ingold, and Patel, J., 1933, 530), viz., that an a-alphyl substituent speeds the former 
reaction and in general retards the latter, whilst an «-phenyl substituent also accelerates 
the former reaction but has little effect on the latter. However, the figures foryreactions 
El] and E2 bring out a new set of relationships which can be summarised in the statement 
that an a-alphyl substituent, and, more effectively, an a-phenyl substituent, speed both 
reactions, especially El. 

The explanation of the large effects on reaction El is simple: they are mainly due to 
facilitation of the rate-controlling ionisation, just as for reaction Syl. The smaller acceler- 
ating effect of «-alphyl substituents on reaction E2 is connected, in our view, with the cir- 
cumstance that alphyl groups always release electrons to unsaturated (double or triple 
bonded or aromatic) carbon. Baker and Nathan’s interpretation of this, on the basis of an 
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assumed quasi-conjugation involving CH-bond electrons, Hc (J., 1935, 
1844), is considered partly true (this vol., p. 949), and we shall use the theory illustratively, 
because it represents the most conservative extension of our ordinary conceptions of meso- 
meric stabilisation, though the theory’s emphasis on the part played by alkyl hydrogen is 
unnecessary for our purpose. Anything analogous to conjugation always stabilises a 
system. Considering, first, the initial and the final state of reaction E2, one can see that the 
energy level of the latter will be depressed more than that of the former by the “ con- 
jugated ” «-alphyl substituent : 


H, Mt 
es ‘x | 7x 8- ~~ 
HO BC" HO: :-H- --C——C:- -Br 
Initial state Transition state Final state 


But if this is true, the energy level of the transition state must also be lowered more than 
that of the initial state, because in the transition state some unsaturation has already 
developed between the a- and f-carbon atoms. Therefore facilitation of the reaction is to 
be expected. Obviously a properly conjugated «-phenyl substituent should exhibit the 
effects considerably more powerfully than an «a-methyl substituent. As we shall be dealing 
with the effect of £-substituents on the rates of reactions El and E2 in a later paper, we 
reserve comment on the data for 6-phenylethyl bromide. 

As stated, our point of view concerning the influence of alkyl groups on unsaturated 
systems is much more general than is expressed in the above illustration. The basic 
reason why exchange degeneracy and all other forms of resonance stabilise a system is 
that they allow greater liberty of motion to the electrons, and thus reduce the electronic 
zero-point energy in accordance with the uncertainty principle. Thus when two atoms of 
identical nuclear charge, one atom saturated and the other unsaturated, are linked, as in 
toluene, the electrons always tend to concentrate in the direction of the unsaturated atom, 
because this means that, on the average, more electrons have freer motions, and that, by 
their obtaining freer motions, the system will be stabilised. This is not mesomerism, not 
even Baker and Nathan’s form of it; but it can be considered to involve resonance (cf. 
Nature, 1938, 141, 314).* The applications are wide-spread, but we give just two illus- 
trations, one in the field of physical properties and the other in that of chemical reactions. 
First, the theory explains why unsymmetrical unsaturated hydrocarbons have dipole 
moments whilst. saturated hydrocarbons do not; the theory definitely requires a dipole 
moment in ¢ert.-butylbenzene qualitatively similar to that in toluene, and in the direction 
which has been established for toluene. Secondly, it accounts for Linstead’s general result 
(cf. Ann. Reports, 1927, 24, 111) that, in the tautomerism of unsaturated acids and ketones, 
the introduction of an alkyl group at either end of the “‘ three-carbon system ”’ shifts the 
equilibrium in the direction which places the unsaturation next to the alkyl group; equi- 


librium depends, of course, directly on the energy difference between the interconvertible 
systems.f 


i i | oe 


f 
f 


* We use the term “‘ resonance ” in the general (and original) sense of Heisenberg, and reserve the 
term ‘‘ mesomerism ”’ for the narrower phenomenon, viz., that extension of valency theory which many 
authors call ‘‘ resonance,” and Pauling, with greater precision, calls “‘ resonance among several valence 
bond structures.” Of course, the use in this sense of the unqualified term ‘‘ resonance ”’ is not incorrect ; 
it is merely not specific. 

+ In a general review of the theory of organic reactions, it was stated: ‘‘ It has been empirically 
observed that alkyl groups behave as if they repel electrons when attached to unsaturated [carbon] 
centres, and it is probable that this relationship between saturated and unsaturated hydrocarbon 
radicals in combination is quite general. The theory of these effects is at present obscure’ (Ingold, 
Chem. Rev., 1934, 15, 239). This confession of ignorance is now unnecessary: the above explanation 
of the effect as a form of resonance completes the theory of 1934. Furthermore, a contemporaneous 
paper on the special theory of aromatic free radicals concluded with the remark: ‘‘ The feeble stabilising 
action [on such radicals] of alkyl groups is not really intelligible on any present theory, but seems to 
suggest the existence of factors of resonance dependent on inductive electron displacement ” (Ingold, 
Trans. Faraday Soc., 1934, 30, 52). This reserved statement also can now be superseded. The 
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The effect of passing to more highly solvating solvents on the absolute rate of reactions 
El and E2 has already been illustrated in the papers of Hughes, Ingold, and Shapiro, and 
of Hughes and MacNulty (loc. cit.) : the rate El rises rapidly, and the rate E2 falls slowly. 
Both results are in conformity with the solvent theory of Hughes and Ingold (loc. cit.), 
which can be applied to elimination just as easily as to substitution. The effect on reaction 
E1 is essentially due to the solvent influence on the rate-controlling ionisation, in the transi- 
tion state of which new charges are created. In reaction E2, on the other hand, a pre- 
existing charge is distributed in the transition state; wherefore solvation must reduce the 
energy of this state more than it reduces that of the initial state: thus it impedes reaction. 
Effects due to charge distribution in the transition state are always smaller than those due to 
the creation or destruction of charges. 

Supplementary Note-——We must explain why we did not further extend the revision of 
Taylor’s data on this subject. The main reason is that in none of the other examples of 
major interest could we carry out satisfactory experiments. For instance, Taylor records 
proportions of olefin eliminated from alkyl halides in the gas phase at 25° and 55°. Now 
Brearly, Kistiakowsky, and Stauffer (J. Amer. Chem. Soc., 1936, 58, 43) have studied this 
decomposition for ¢ert.-buty] and ¢ert.-amyl] chlorides, but at much higher temperatures, and 
it is clear from their results that similar experiments started many years ago at either of 
Taylor’s temperatures would not yet have produced a detectable quantity of olefin. An 
extension of this work in the gas phase is now being made by Hughes and Wassermann, 
whose results emphasise the difficulty : and this is not an isolated example. With regard 
to Taylor’s experiments on olefin production from the polyhalogeno-ethanes (paper 1), it is 
fortunate that a careful prior investigation of the same subject had (apparently unknown 
to Taylor) been published by Olivier and Weber (Rec. Trav. chim., 1934, 53, 1087). A 
discussion of their results would be too long for inclusion here, but we may say that they 
are in full agreement with our own experiments and interpretation. 


EXPERIMENTAL. 


Careful attention was paid to the purification of the halides and the purification and complete 
drying of the ethyl alcohol. 

Kinetic Measurements.—In most experiments the method of sealed bulbs was used, portions 
of the reaction solution taken from the standard measuring flask being sealed up, with cooling 
where necessary, heated in the thermostat, and then broken under a cold solvent to stop the 
reaction. For titration with acid the bulb was broken under absolute alcohol, for titration with 
alkali under acetone, and for Volhard estimation under aqueous nitric acid covered with a large 
layer of ether, which was used to extract the organic material. Lacmoid was used as indicator 
for the acid-alkali titrations. Corrections for thermal expansion between the temperatures of 
the standard flask and the thermostat were applied to second-order rate constants. 

Olefin Estimations : Aspiration Method.—Owing to the length of this process, it was used 
only for the analysis of the products of completed reaction, not in the intermediate stages of a 
run. Usually the whole of the reacted solution was taken for this purpose, an equal amount of 
the original reaction medium being employed for the blank estimation. The method is described 
by Hughes, Ingold, and Shapiro (loc. cit.), except for the improvement (which is not so important 
as in the extraction method) of adding hydrogen bromide to the chloroformic bromine solution. 

Olefin Estimations : Extraction Method.—At certain stages of reaction, or in some cases after 
its conclusion, two bulbs were simultaneously removed from the thermostat, one for the estim- 
ation of the extent of reaction as described in the paragraph headed “‘ Kinetic Measurements,” 
and the other for olefin analysis by the extraction method. The latter was cooled to — 80°, and 





stabilising effect is indeed a “ factor of resonance,” and the involved electron displacement is that 
which was classified as ‘‘ inductive ” before its cause was understood; we now recognise, however, that 
it has not the simple electrostatic origin of the inductive effect proper, but is a peculiar manifestation 
of resonance, which becomes especially noticeable in the absence of any considerable electrostatic effect. 
More specifically, alkyl groups enhance radical stability by admitting additional electron density to 
that part of the molecule where (owing particularly now to the free radical centre) the spatial freedom 
of the electrons is greater, and their velocities (and energies) consequently smaller. Thus the more 
specialised theory of free radicals is also now completed. This matter is topical in that Dr. S. T. 
Bowden (private communication) has recently obtained new evidence concerning the stabilising influence 
of alkyl groups on triarylmethy] radicals. 
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introduced into a vessel, containing chloroform (200 c.c.) and a considerable excess of dilute 
sulphuric acid (25 c.c.), which was closed and cooled until the aqueous layer was partly frozen. 
At this stage the bulb was broken by shaking, and the chloroform layer, as well as a further well- 
cooled chloroform extract of the aqueous layer, was run on to pure calcium chloride in a closed 
flask, shaken with this reagent, and then allowed to react for 30 minutes with a chloroform 
solution of bromine containing hydrogen bromide. The reaction was initially very rapid, and 
the quantity of bromine used was so adjusted that the excess during most of the 30-minute 
period (i.¢., after the initial rapid absorption) was small. At the end of the period the excess of 
bromine was estimated in the usual manner. The precaution of minimising the excess of bromine 
is particularly important in order to avoid error due to bromine substitution in the estimation 
of isobutylene and styrene. A pair of bulbs were similarly treated after only a few minutes 
in the thermostat with corresponding precautions as to minimisation of the excess of bromine. 
These “‘ initial ” estimations controlled total reaction, and the development of olefin, during the 
warming-up period, and gave a good time-zero, identical for the measurement of total reaction and 
of olefin. Volatility errors remained, and these were estimated, after the method had been well 
standardised, by making solutions in chloroform, such that they would subsequently be com- 
parable in concentration with those which had been estimated, of prepared or commercial 
samples of ethylene, propylene, or isobutylene, estimating the olefin in one portion directly, 
and in another after running into a mixture of ethyl alcohol (20 c.c.), chloroform (200 c.c.) and 
dilute sulphuric acid (25 c.c.), and putting the whole through the process described above. _ The 
volatility losses were fairly uniform for each olefin, and the values obtained were used to correct 
the original analytical figures. For isobutylene the losses were 6%, for propylene 16%, and for 
ethylene about 55% of the quantities required to be estimated. The reason why our results for 
ethylene agreed sufficiently well with those obtained by the aspiration method, in spite of the 
enormous volatility correction, is mentioned earlier. 

Results.—These are summarised in Table I, except for those reactions of mixed order for 
which no constants can be quoted. In this section we illustrate these and some other experi- 
ments which involve some special difficulty or complexity. 

The following is an example of a run which was so rapid in relation to the time required for 
manipulation that the results had to be smoothed graphically before constants could be calcu- 
lated: Reaction of a-phenylethyl bromide in strongly alkaline solution: [bromide],.. = 
0-03248m, [NaOEt],... = 2-447Nn, [bromide], expressed in c.c. of 0-1015n-thiocyanate per 10 
c.c. sample (A, in sec.~g.-mol.-! 1.) : 
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Lidice covdéd devcee 184 163 1569 169 147 168 160 161 1683 —- — 























The result for 105k, is quoted in Table I as “‘ ca. 16,’’ because it is certainly not as accurate as 
the above figures make it appear. (Other results obtained by the smoothing method are 
similarly indicated in TableI.) The olefin was estimated by the extraction method in the product 
of the completed reaction, the “‘ initial ’’ reading being replaced in this case by a blank experi- 
ment with the medium on account of the rapidity of the reaction. Expressing bromine and 
olefin in equivalent c.c. of 0-05066N-thiosulphate, the results were as follows : Residual bromine 
(initial), 24-2, 24-3, 23-7. Residual bromine (final), 6-5, 6-7, 6-8, 6-8, 6-6 c.c.. Olefin, 17-6, 
17-4, 17-3, 17-3, 17-5. Mean, 17-4c.c. = 34:1%. 

We found it difficult to be certain whether any olefin is formed in the acid alcoholysis of 
a-phenylethyl bromide and therefore record the figures. [Bromide] is expressed in equivalent 
c.c. of 0-0500n-alkali per 10 c.c. sample. [Bromide],... was obtained by weighing, and not from 
an “ infinity ’”’ titration, since in long experiments the hydrogen bromide becomes involved in 
reaction with the medium. Bromine and [olefin] are in equivalent c.c. of 0-05066n-thiosulphate 






















peek: 0-0 110 180 28 
[Bromide] ... 15°89 14-01 12-89 11:55 10-10 8-29 
Be Leith . 194 19-1 


The final olefin value, if real, corresponds to 0-5%. 
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Cooper, Hughes, and Ingold showed (J., 1937, 1280) that isobutylene undergoes addition 
reactions in acidic aqueous alcohol, so that, in order to obtain the proportion formed from a 
tert.-butyl halide, it is necessary to trace the development of olefin from the beginning and 
discard the results when the apparent proportion begins to fall. It appears that a similar 
phenomenon occurs with anhydrous alcohol. The procedure is illustrated in the following run 
with tert.-butyl bromide. Each olefin figure is a mean of three concordant estimations which are 
omitted in order to condense the table. The solution being initially neutral, [Bu”Br],_. was 
obtained by weighing, and not from an “‘ infinity ” titre, because in prolonged runs the hydrogen 
bromide interacts with the solvent. [Bu”Br] is expressed in c.c. of 0-0482n-alkali per 10 c.c. 
sample (2, is in sec.) : 


47 79 
09 . 5-75 _ 
94 1-99 —_ 
0 22-6 18-7 


The last two readings represent the beginning of the portion of the run which is to be 
disregarded. 

We were afraid that in the estimation of ethylene by the aspiration method this olefin might 
fail to be completely absorbed in the bromine solution, because of the greater volatility and lower 
reactivity of this olefin than of its homologues. We therefore added a third bromine trap to the 
arrangement described by Hughes, Ingold, and Shapiro. That this precaution is adequate is 
shown in the following example of an ethylene estimation. The ethylene formed during 
reaction in a solution (220 c.c.) initially 0-820m with respect to ethyl bromide and 2-60N with 
respect to sodium ethoxide was caught, after alcohol vapour had been trapped in a strongly 
cooled empty bulb, in three bromine solutions whose initial and final volumes and concentra- 
tions, as measured by titration of 5 c.c. samples with 0-0879N-thiosulphate, were as shown 
below. Bromine vapour carried from the traps was caught in potassium iodide and titrated. 


Initial vol. Final vol. Initial titre. Final titre. KI titre. Loss of Br,. 
Br-trap (1) ............ 250 c.c. 23-5 c.c. 11-59 c.c. 3°36 c.c. 
Br-trap (2) ............ 25-0 25-5 11-59 9-13 5-88 c.c. 49-5 c.c. 


Br-trap (3) ccs... 35-0 35-0 11-59 11-02 


The loss of bromine corresponds to 0-00217 g.-mol. of ethylene. A Volhard titration on the 
residual alcoholic solution gave bromide ion equivalent to 0-749n, i.e., 0-166 g.-mol.; wherefore 
the proportion of ethylene is 1-3%. 

For mixed-order reactions containing a small proportion of a first-order component of known 
rate constant, Hughes, Ingold, and Shapiro’s method of calculation can be used to find the second- 
order constant; but this procedure is not possible in the reverse case if the constant of the minor 
second-order reaction can only be obtained directly from experiments subject to salt effects; 
and it is not accurate if the two reactions are present in comparable proportions. Owing to these 
difficulties two rate runs of the last kind, applying to a-phenylethyl bromide, for which also the 
determined second-order constants are subject to a salt effect, are given in detail : 


(1) [Bromide], _ ,» = 0-0489m, [NaOEt}],_, = 0-07185n. [Bromide] is expressed in equivalent 
c.c. of 0-0500N-acid per 10 c.c. sample. 


8 (amie) ccc ccncccccoecs OO 7-0 16-0 24 33 44 55 68 90 120 
[Bromide] 8-21 669 560 486 402 312 2-50 1-64 1-00 


(2) [Bromide], _, = 0-0614m, [NaOEt],_, = 0-1364N. [Bromide] is expressed in equivalent 
c.c. of 0-05995n-acid per 10 c.c. sample. 


é(mins.) —............... 0-0 5-0 11-0 16:0 23 32 42 55 75 110 
[Bromide] ............... 22°75 21:00 19-65 1830 17:10 16:05 15:10 1420 13-15 12-38 
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176. Mechanism of Substitution at a Saturated Carbon Atom. Part XI.* 
Hydrolysis of tert.-Butyl Bromide in Acidic Moist Acetone. 


By Lestie C. BATEMAN, KENNETH A. COOPER, and EDwArRD D. HUGHEs. 


The evidence recorded by Taylor in support of a bimolecular mechanism for the 
hydrolysis of tert.-butyl bromide in moist acetone is shown to be worthless. 
Taylor assumes that the halide is involved simply in a reversible reaction 


Bu’Br + H,O = Bu’OH + HBr, 


and he adduces “‘ two items of direct evidence ”’ in favour of a bimolecular hydrolysis. 
One is based on a claimed exact agreement between the ‘‘ observed ” equilibrium con- 
centrations and those “ calculated ”’ from measured rates on the assumption that the 
forward and the reverse reaction are of the second order. The other is based on the 
approximate identity of the recorded second-order rate constants for the hydrolysis 
in acetone containing 1 and 2 vols. % of water. 

Regarding the first “‘ item of evidence,” it is now shown that the represented equili- 
brium does not exist under the conditions of Taylor’s experiments in moist acetone. 
His method of “ observation ”’ is analysed and found to be illusory. Furthermore, rates 
which form an essential part of the basis of the ‘‘ calculation ” of equilibrium composi- 
tions are shown to have no quantitative meaning. Finally, the method of calculation 
which produces the perfect agreement out of the imperfect experimental material is 
shown to be an incorrect method for Taylor’s stated purpose. 

As to Taylor’s second “‘ item of evidence,’’ it is pointed out that this also is valueless, 
since, on making small additions of a ‘“‘ rapid”’ to a “slow’”’ (or inactive) solvent, 
initial proportionality between the specific rate and the concentration of the minor 
solvent constituent is to be expected on the unimolecular mechanism, i.e., when there 
is no stoicheiometric intervention by water in the rate-measured process. 


WE have now to record a criticism and revision of a group of Taylor’s experiments (paper 
5; references, this vol., p. 900) which he has repeatedly cited (cf., ¢.g., papers 6, 8 and 9) 
as evidence that the hydrolysis of tert.-butyl bromide in moist acetone is bimolecular, and 
that by implication the hydrolyses of all alkyl halides in aqueous solvents are likewise 
bimolecular. He employs two methods. 


(1) Taylor's First Method. 


This consists of three steps, of which the first was to follow the development of acid from 
tert.-butyl bromide in moist acetone. It is assumed that the halide is involved simply in 
the reversible reaction 


Bu’Br + HO _\ BwOH+HBr........ (I) 
(a) oO ye 86} (4) 

and that different, determinable equilibria are reached when the solvent acetone contains 
different proportions, 1, 2 or more vols. %, of water.t Having ‘“ determined” these 
equilibria, his next step was to measure the initial rates of the forward and the reverse 
reaction, and to express these rates as second-order constants, 7.¢., first order with respect 
to each of the two reactants shown on either side of equation (1). The third step was to 
calculate the concentration of ¢ert.-butyl bromide at equilibrium from these initial rates by 
means of that mass-law formula which assumes the reaction each way to be of the second 
order, and to compare the calculated equilibrium concentrations with the ‘“‘ observed ” 
values. 

An extremely accurate agreement was exhibited (mean deviation, 1-5%%), and it was 
contended that “ this constitutes a sound argument for the validity of the assumption 
made, viz., that both reactions are kinetically of the second order.” 


* The serial number was inadvertently omitted from the title of Part X (J., 1938, 881). 

+ If comparison be made with Taylor’s paper, it should be noted that we use k,’, k,”’, Ky, and *,, 
where he employs &,, ky, K and m respectively. In our notation. the subscripts to k and K indicate 
the assumed reaction order; one dash denotes the forward reaction, two the back reaction. 
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We will consider the first step, viz., the experimental determination of the supposed 
equilibria. Taylor found, and we confirm, that when hydrogen bromide is liberated in 
acetone containing small percentages (e.g., 1 or 2%) of water (or in dried acetone) the solu- 
tion turns brown, and, if tert.-butyl bromide is present, the further liberation of hydrogen 
bromide goes on continuously.* Taylor’s explanation of this is probably correct (though 
insufficient—see below), viz., that the self-condensation of acetone under the influence of 
hydrogen bromide liberates water, which then contributes to the further hydrolysis of the 
tert.-butyl bromide, However, it means that the supposed equilibria corresponding to 
equation (1) cannot be observed directly. Accordingly, Taylor “ obseryed”’ them by 
selecting from the reaction-time curves parts which he regarded as rectilinear, and produc- 
ing these backwards to cut off from the composition axis intercepts which he claimed to 
represent the “‘ equilibrium ”’ compositions. 

In Fig. 1 we have replotted Taylor’s own data for acetone containing 1 and 2 vols, % of 
water, and have reproduced his linear extrapolation. From this diagram alone it would 
appear that his method of “ observing ”’ the “‘ equilibrium ” compositions for these solvents 
is arbitrary. It would, of course, be possible to assess the equilibrium compositions with 
some degree of accuracy if the disturbance due to the solvent reaction were slow in com- 
parison with the hydrolysis, Taylor states that “a slow reaction persisted beyond the 
equilibrium position,” but a glance at the slopes of his “ straight lines” for 1 and 2% of 
water, in relation to the complete curves for these solvents (loc. cit., figure p. 1854; cf, 
Fig. 1), shows that this is not a just description. 

Our reaction—time curves for the two solvents of main significance in Taylor’s argument, 
those with 1 and 2% of water, are shown in Fig. 2, together with our curve for dried acetone. 
The temperature, 50-0°, is the same as that employed by Taylor. We took more readings 
than he records, and followed the reactions further. It will be seen that no part of these 
curves is free from curvature. One can, of course, draw tangents, but the slopes are arbitrary 
within wide limits, and it is certainly not possible to fix intercepts with anything like the 
accuracy of the claimed agreement with the calculated values. { 

In any case the whole procedure is meaningless, because there are other reasons, besides 
the decomposition of the acetone, why the equilibrium represented in equation (1) does not 
exist under the conditions of these experiments; at least three of the four indicated re- 
actants are otherwise occupied. The first of these is tert-butyl bromide. Taylor tried to 
detect tsobutylene by a method which could not be successful, He therefore decided that, 
since the amount of isobutylene formed in water is small, the amount produced in wet 
acetone would be small enough to be neglected. But we find that, in acetone with 2 vols, 
% of water, 55—60% of the product from tert.-butyl bromide is isobutylene. Probably 
with only 1% of water the proportion is higher (this vol., p.901). The other two reactants 
which cannot be concerned in reaction (1) alone are water and hydrogen bromide, These 
will never remain as such in presence of each other in moist acetone, but will give H,Q* and 
Br- to an extent varying with both the instantaneous acidity and the water content of the 
medium, 

Furthermore, in Taylor’s procedure it is assumed that all the bromine is present either 
as tert-butyl bromide or as hydrogen bromide [cf. equation (1)]. Independently of our 
foregoing remarks about the condition of hydrogen bromide, this assumption is demon- 
strably incorrect for acetone containing 1 and 2 vols. % of water. In the experimental 
section we describe a method suitable for the estimation of both of the halides in question. 
Briefly, it involves the complete hydrolysis of the unchanged ¢ert.-butyl bromide, and its 


* This disturbance does not apply to the solvent containing 5 vols. % of water, or to the still 
more aqueous solvents used by us in some of the following papers. , 

+ If comparisons of rates be made with Taylor’s data, it should be noted that our solvent and his 
were of slightly different composition (cf. experimental section). 

t A local and partial flattening of the curves for 1 and 2 vols. % of water is to be expected, because 
the acetone reaction must be autocatalytic and there would be some stage at which the upward curvature 
of its time-curve would tend to compensate the steady downward curvature which would be observed 
in the absence of this disturbance. If the autocatalytic contribution to the curvature were strong 
enough, the curves would exhibit a point of inflexion, as will be illustrated in the next paper. 
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subsequent estimation as hydrogen bromide, after the concentration of the acid already 
formed in the reaction has been determined. In the initial stages of the reactions the 
total halide, which can be estimated by this procedure, is in quantitative agreement with 
the amount of ¢ert.-butyl bromide originally introduced, but when the solvent decomposi- 
tion becomes obvious the combined estimate (Bu”Br + HBr) begins to decrease, 

We pass now to the consideration of Taylor’s second step, viz., the attempted determin- 
ation of rate constants for the two individual reactions of equation (1), as material for the 
calculation of the proportion of reactants at “ equilibrium.”’ This calculation was made 
for three solvents, viz., acetone containing 1, 2 and 5 vols. % of water. The six necessary 
rate constants are given to three significant figures, but they are deduced from titre differ- 
ences of the order of lc.c. One constant, quoted as 0-0581, comes from just two titrations, 
one of which can be calculated to be either 0-2 c.c. or 0-1 c.c., and the other either 1-1 c.c. 
or 0-55 c.c. (there is an ambiguity in the experimental description). The values of the 
constant, as calculated from these readings individually, are 0-0664 and 0-0498; and Taylor 
takes the average (0-0581). In another case the constant is again based on two titrations, 
of which the larger is either 1-6 c.c. or 0-8 c.c. In another it is also based on two titre 
differences, the larger being either 0-9 c.c. or 0-45 c.c., and “ corrections ”’ of up to 35% 
are applied to allow for the destruction of acidity by the acetone itself. At least one of the 
two “‘ constants ” employed in the calculation of the equilibrium composition for any one 
medium can be criticised similarly. (A further constant was obtained for acetone with 10 
vols, % of water, but its companion was too small to measure.) The claimed precise agree- 
ment of the calculated and the observed compositions is therefore even more remarkable 
than our previous comments (on the method of observation) indicated. 

Finally, we shall consider Taylor’s third step, viz., his method of calculation. As stated 
previously, Taylor expressed his rates as second-order constants, and used the formula 
appropriate to a balanced reaction of the second order in both directions, viz., 


_ Kya(a + 5) + (¢ +4) — V [Koo(a + 6) + (c + d)]? — 4(abKyg — cd)(Kyg —1) (2) 
: 2(Kgo—1) 

where x,, is the concentration representing the extent of the forward reaction at equilibrium, 

a, b, c and d are initial concentrations applying as indicated under equation (1), and 

Kop = kh,’ /k,'’. Taylor claimed that the great success of equation (2) justified the assump- 

tion of a second-order forward reaction. 

Now it does not require an algebraic analysis of equation (2) to see that, even if none of 
our previous criticisms was justified, 7.c., if the reactions of equation (1) were the only 
ones, if the compositions at equilibrium had really been measured, and if the individual 
rate constants had really been determined with precision, an agreement between observed 
and calculated compositions at equilibrium would owe nothing whatever to the special 
form of equation (2), and, in particular, nothing to the assumed second-order character of 
the forward reaction. For, in a pair of balanced reactions, each individual rate constant 
is essentially an expression of behaviour of the system in the early stages of reaction, and 
therefore an equation such as (2), which involves these constants, although it will be valid, 
will only be critical provided no reagent concentration is buffered in those early stages. But in 
all Taylor’s measurements of the rate constants for the forward reaction the water con- 
centration was strongly buffered, not only over the range for which the constants were 
determined, but also over any range for which they might individually have expressed the 
behaviour of the system, had all the various disturbances been absent. In the most 
favourable case the absolute value of the water concentration was ca. 20 times larger than 
its variation, and this factor was generally much greater. In order to illustrate the prin- 
ciple here involved, we have calculated x, from Taylor’s data on the assumption that the 
forward reaction is of the first order, whilst the back reaction remains of the second order. 
For this purposé we re-express his second-order constants, k,’, as first-order constants k,' 
(as we may do because of the buffered water concentrations), retain his second-order 
constants k,’’, and use formula (3) wherein Ky. = k,'/k,” : 


%,= 4V (Kya + ¢ +d)? + 4(Kyga — cd) —H(Kypte+d) . . « (3) 
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Taylor gives a table “‘ showing the practical identity of observed and calculated values of 
the equilibrium position, it being assumed that both reactions are kinetically of the second 
order.”” We copy his figures in Table I and add another column showing the value of x, 


as calculated by equation (3), which assumes that the forward reaction is kinetically of the 
first order, 





TABLE I, 
From Taylor’s Table. 
c “ . . Eqn. (3). 
Vols. % H,O. [H,O]. ky’. a. % (obs.). % eq (calc.). %q (calc.). 
1 0-5556 0-0291 3-96 0-0224 0-0233 0-0237 
2 11111 0-0311 1-08 0-0552 0-0558 0-0577 
5 2-7778 0-0599 0-0581 0-1510 0-1500 0-1537 
10 5-5556 0-184 0-000 0-1620 0-1620 (0-1620)* 


* This calculation and Taylor’s corresponding one are trivial because there is no measurable back- 
reaction: the figure 0-1620 simply represents the amount of éert.-butyl bromide taken. 


In judging the agreement it must be remembered that, in general,* neither the 
“ observed” values based on Taylor’s linear extrapolation, nor his experimental data 
underlying either set of calculated figures have any quantitative value. Thus it is far from 
our intention to claim that the agreement of an ill-founded application of equation (3) with 
“observed” values, which also agree excellently with an equally ill-founded application of 
equation (2), has any mechanistic consequences. 


(2) Taylor’s Second Method. 


This may be described in Taylor’s own words.t “‘ A further piece of direct evidence 
that the hydrolysis reaction is kinetically of this [the second] order is that, with the two 
lowest water concentrations, when the effect of the water may be taken to alter the general 
solvent properties of the medium to a similar extent, the second-order values of k,’ are nearly 
the same,” i.e., the fraction of halide initially decomposed per second is about twice as 
great with 2% as with 1% of water. Taylor continues: ‘‘ That water has an accelerating 
solvent effect on the hydrolysis is undoubted from the values of k,’ with the higher concen- 
trations of water (Table I).t It might therefore be argued that, in accordance with the 
ideas of Hughes and Ingold, the increase of k’ if this was calculated on a first-order basis 
(Ry’) is due to the effect of the increased ionising powers of the solvent medium on fert.- 
butyl bromide. If so, it would be a coincidence to have such direct proportionality between 
water concentration and ionising powers as would thereby be held to be exhibited 
by acetone containing 1% and 2% of water. From this evidence, then, it is contended 
that the mechanism of hydrolysis of tert.-butyl bromide is bimolecular; and the same is 
held to be true for ¢ert.-alkyl halides in general.” (Two passages are here italicised by us 
for convenience in later reference.) 

Consider for simplicity a reaction in which the solvent plays no stoicheiometric part. Let 
there be two fully miscible solvent constituents A and B such that the rate in pure B is, 
say, 10,000 times greater than the rate in pure A. For intermediate solvent compositions the 
rate will be given by some smooth curve : to make the illustration very simple, suppose that 
the curve is a straight line. Then, if we add 1% of B to A, we shall increase the rate from 
k,’ to 101k,’. If we add 2%, the value will be 201%,’. In fact we shall get practical 
proportionality. Now pass to the more general case in which the rate-composition curve 
is not straight. We can then draw a tangent at the A-end. Suppose that this cuts the 
B-axis at, say, 20,000k,’, or 5000,’ (depending on whether the curve is concave or convex 
to the composition axis). Obviously we shall still get initial proportionality, though with 
a different proportionality constant. As long as one makes sufficiently small additions of 
the much more active to the much less active solvent, proportionality is inevitable. It is 


* The observed value of x,, in acetone containing 5 vols. % of water may be reasonably accurate. 
+t Except that, for clearness, we keep to our own k-notation. 
¢t See our Table I. 
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clear that this holds also if the solvent does take stoicheiometric part in the reaction as a 
whole, but does not take such a part in the rate-determining stage,* 

An excellent illustration of this behaviour was recently given by Farinacci and Ham- 
mett (J. Amer. Chem. Soc., 1937, 59, 2542) in the example of the reaction of benzhydryl 
chloride with ethyl alcohol containing various percentages of water. There was a small 
first-order rate in pure ethyl alcohol, and the rate rose sharply and (at first) linearly with the 
proportion of added water (Fig. 3). The naive argument would be that the excess rate, 
1.¢., the excess over the part OA due to alcohol (the concentration of which is sensibly con- 
stant throughout the solvent range) represents the second-order reaction CHPh,Cl + H,O 


—>CHPh,‘OH + HCl. But Farinacci and Hammett showed that this was not so: the | 


main function of the water is not to produce benzhydrol, but to accelerate the formation of 
benzhydryl ethyl ether. It is an effect due to what Taylor calls “general solvent proper- 
ties,” and, in accordance with the preceding paragraph, must (and does) start linearly. 
Of course, if the alcohol had been acetone, the curve AB would have started not from A 
but from O (e.g., curve OP), and we should 
Fic. 3. have had proportionality (and, naturally, a 

; 00121 formation only of benzhydrol). 

Referring to the italicised passages, we see 
there is no justification for the statement 
that two percentages of water, one twice the 
other, will alter solvent properties to a similar 
extent. Furthermore, the “ coincidence” of 
proportionality in the initial stages of water 
addition is expected on Hughes and Ingold’s 
theory. 

Taylor’s research seems to have been 

_ designed in order to counter one of ours, 
7 On 33 wherein we added 1, 2,5 and 10% of water to 
lols/litre of He formic acid and obtained substantially identical 
(ata of Farinacci and Hammett) first-order rates for the hydrolysis of tert.-butyl 
chloride, t.¢., the specific rate was independent 
of the water concentration, Here, however, a different situation arises: the. whole point 
of the choice of formic acid was that its activity as solvent should at least not be very small 
compared with that of water (how much greater it might be does not matter), Again, 
taking the figure 10,000 to denote the solvent activity of water, that of formic acid might 
be represented by, say, 2000, or 50,000 or 500,000. Using, in illustration, the figure 2000 
for formic acid, we see that 1% of water should change this to 2100, 2% to 2200, and so on, 
if the rate-composition curve is rectilinear throughout. Initially, the curve must, as we 
have seen, be rectilinear. When this relationship begins to fail, it is impossible to predict, 
a priori, what form to assume, but general experience indicates that, for the type of reaction 
under discussion, the departure is as shown in Fig. 3, #.e., the effect of admixture is smaller 
in the initial stages than later. For small percentages of water, a serious departure from 
approximate constancy in the rate, in so far as this is determined by the solvent effect, is, 
therefore, very improbable. A similar result follows if we take the figure 500,000 for 
formic acid. 

The slope of the rectilinear portion of any such curve will depend jointly on the solvent 
effect and on the kinetic order (first or second) of the constants chosen to express the 
rates. If the solvent effect alone should give a horizontal, rectilinear curve, then that 
reaction order will be correctly chosen whose constants actually give a horizontal curve. 
In our case this order was first. Our purpose here is simply to make it clear that it is only 
in the case which Taylor chose, viz., the progressive addition of a much more active solvent 
to a much less active one, that the naive conclusion derived from the apparent reaction 
order fails; we shall deal in the next paper but two with Taylor’s suggestion that the 
reaction in formic acid consists in the formation and hydrolysis of éert.-butyl formate. 


* Adapting an old type of nomenclature, a unimolecular reaction, influenced by solvent in this way, 
might be called ‘‘ pseudo-bimolecular.” 
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Reverting to the acetone solvents, the conclusion of this paper is simply that Taylor’s 
evidence of mechanism is worthless. In later papers we shall present evidence of another 
type, leading to a somewhat detailed picture of what happens in aqueous hydrolysis. 


EXPERIMENTAL. 


Materials.—tert.-Butyl bromide, prepared as previously described (Cooper and Hughes, 
J., 1937, 1183), was dried over phosphoric oxide and fractionated, b. p. 72-8—73-8°/756 mm. 
Acetone was purified by the method of Conant and Kirner (J. Amer. Chem. Soc., 1924, 46, 246) 
—the method also employed by Taylor. 

Rate Measurements.—A suitable quantity of éert.-butyl bromide was dissolved either in pure 
acetone or in acetone containing a weighed amount of water, and the solution was made up to 
250 c.c. at 20°. Portions of 5 c.c. were enclosed in sealed tubes, which were immersed in a 
thermostat at 50-0° + 0-02° for known times, and then broken under 100 c.c. of cold acetone to 
stop the reaction. The acidity was titrated against 0-0406N-sodium hydroxide with lacmoid as 
indicator. In a number of cases the neutral acetone solution was then diluted with an equal 
volume of water to complete the hydrolysis of the unchanged ¢ert.-butyl bromide, and the 
additional acidity was determined as before. In order to eliminate error due to reaction before 
the mixtures had reached the temperature of the thermostat, an ‘ initial’ estimation was made 
on a sample which had been shaken in the thermostat for 5 minutes. The samples used for the 
other estimations were similarly treated for 5 minutes, the end of which period was taken as the 
zero of time. The results are in Table II, where # is the time in hours, and # and y the con- 
centrations of hydrogen bromide and unchanged ¢ert.-butyl bromide, respectively, in g.-mols. /l. ; 
the concentrations recorded are not corrected for expansion. 


TABLE II. 


Expt. 1; [BuYBr] = 0-1496N, [H,O] = 0. 


47 119 166 213 285 383 478 530 645 
0-:0048 0-0166 0-0295 0-0427 0-0639 0-0816 0-0987 0-1047 0-1135 


891 1054 
0-1241 0-1249 


Expt. 2; [BuYBr] = 0-1512n, [H,O] = 0-5386n. 
1-25 3-6 525 7-25 9-5 14-0 
0-0026 0-0071 0-0097 0-0122 0-0144 0-0177 
— 01492 0-1481 01474 — 01461 


62-5 72-6 87-4 97-5 119-4 144-3 
0-0386 0-0420 0-0476 0-0509 0-0589 0-0670 
— —_ 0-1398 0-1384 — — 


264 315 354 406 489 552 
0-0942 0-1025 0-1080 0-1142 0-1224 0-1247 


1003 1168 1384 
0-1330 0-1342 0-1345 


Expt. 3; [BuYBr] = 0-1527N, [H,O] = 1-0808n. 

2-0 3-4 5-0 7-0 925 140 
0-0083 0-0141 0-0200 0-0258 0-0316 0-0394 
01516 01519 — — 01519 0-1514 

625 724 874 97:3 1194 1443 
0-0729 0-0759 0-0802 0-0832 0-0896 0-0966 
0-1485 01493 0-1489 0-1480 01465 — 


264 315 354 406 489 552 
0-1150 0:1194 0-1231 0-1268 0-1287 0-1324 


ogee 1003 1168 1384 
. 01368 0- 0-1386 0-1390 0-1391 


_— 
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Estimation of isoButylene—The extraction method of olefin estimation cannot possibly 
succeed in the presence of acetone and its decomposition products*(cf. Taylor, Joc. cit.). We, 
therefore, adopted an aspiration technique which, essentially, Was carried out as previously 
described (cf. this vol., p. 901). Two solvents were investigated, viz., acetone containing 2 and 
10 vols. % of water. The results and experimental details of special importance are summarised 
on p. 920. 
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(a) 2% Aqueous acetone. The reaction mixture, made up as described for the kinetic 
experiments, was contained in a flask kept at 50°, and the olefin was aspirated through a vertical 
water condenser and a trap at 0° and finally absorbed in a dilute solution of bromine in carbon 
tetrachloride. In order to minimise disturbances due to the decomposition of the medium the 
estimation was carried out after the completion of about 10% of reaction. A blank experiment 
with the medium, ¢ert.-butyl alcohol and hydrogen bromide (quantities corresponding to 10% 
reaction) was similarly performed, and a correction was accordingly applied to the results of the 
olefin estimations; 55—60% of olefin formation was thus indicated. We do not claim great 
accuracy for this figure, but the formation of large amounts of isobutylene under these con- 
ditions is unquestionable (cf. below). 

(b) 10% Aqueous acetone. In this case a large-scale experiment was performed so that the 
olefin formed could be isolated, identified, and estimated in the form of its reaction products 
with bromine. In one experiment the dilute solution of bromine in chloroform or carbon tetra- 
chloride, normally employed by us for olefin absorption, was replaced by a very concentrated 
solution (60 g. of bromine in ca. 200 c.c. of solution) in methylene chloride and the reaction was 
allowed to proceed to completion (the solvent decomposition is negligible in this case). At the 
conclusion of the experiment, the contents of the bromine traps were decolorised with sulphur 
dioxide, dried over anhydrous potassium carbonate, and distilled under reduced pressure. The 
main fraction (11-4 g.), b.p. 58°/32 mm., was identified as isobutylene dibromide (Found: C, 
22-2; H, 3-8; Br, 74-4. Calc. for C,H,Br,: C, 22-2; H, 3-7; Br, 74-1%), a smaller, less vola- 
tile fraction (4-0 g.) consisting of a bromine substitution product (Found: C, 16-3; H, 2:2; 
Br, 81-2. C,H,Br, requires C, 16-3; H, 2-4; Br, 813%). It was again shown in a blank 
experiment that under the conditions employed no appreciable amount of unsaturated material 
could arise from the solvent containing éert.-butyl alcohol and hydrogen bromide. In another 
experiment the isobutylene was collected in carbon tetrachloride at —20°, and the bromine 
was subsequently added drop by drop until the solution was just permanently coloured. The 
product, isolated as before, was substantially isobutylene dibromide with but a small quantity 
of higher-boiling material. The yield of olefin, based on isolated material, was 38%. Again, 
we do not claim great accuracy, but it is undeniably established that olefin elimination 
accompanies the hydrolysis of tert.-butyl bromide in aqueous acetone. 


THE SiR WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 


University Cottece, Lonpox, WX. 1. (Received, April 18th, 1940.) 








177. Mechanism of Substitution at a Saturated Carbon Atom. Part XII. 
Hydrolysis of Benzhydryl Chloride in Acidic Moist Acetone. 


By Mervyn G. CuurRcH and Epwarp D. HUuGHEs. 


A criticism and revision are recorded of another paper by Taylor, in which he 
reports data held to support a bimolecular mechanism for the hydrolysis of benzhydryl 
chloride in moist acetone. . 

Again Taylor claims to observe compositions at equilibrium, and sets forth a calcu- 
lation which assumes a bimolecular mechanism and reproduces the figures with great 
precision (cf. p. 913). The equilibrium is, once more, shown not to exist under Taylor’s 
conditions. His “ observation” is the axial intercept given by back-production of 
the “ straight”’ part of a reaction-time curve. Actually the “ extrapolation ”’ is 
made in the most sharply bent region of his curve. Even the curves themselves could 
not be experimentally reproduced. Similarly the “ calculation” of equilibrium 
compositions is based on inaccurate rate data, and is incorrect in method. 

In an earlier paper Taylor claimed the proportionality to water concentration of 
the specific rate of decomposition of tert.-butyl bromide in acetone containing 1 and 2 
vols. % of water as direct evidence for the bimolecular mechanism. This argument 
is not applied to benzhydryl chloride: it would have given an inconsistent answer. 
Instead, the variation of rate with water content is treated by Taylor from a different 
point of view, which, however, is directly contrary to thermodynamics. The actual 
facts in this field are readily explained on the lines already indicated (loc. cit.). 


Soon after the appearance of the paper just criticised (5; references, this vol., p. 900), 
Taylor published another (paper 9) describing a similar treatment of the hydrolysis of 
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benzhydryl chloride in a set of solvents alleged to be the same as before (although actually 
they were not—see below), viz., acetone containing 1, 2, etc., vols. % of water. Of the 
two methods which he might have used, following the lines of paper 5, he actually em- 
ployed only the first (the second would have given the wrong answer). We shall, however, 
consider both methods, especially as a method essentially identical with his second has 
been again employed by him in yet another paper (10), which appeared while the present 
papers were being written. 
(1) Taylor’s First Method. 


The description of this is in the preceding paper. Broadly speaking, the same criticisms 
apply, but the paper by Taylor now considered contains certain points which necessitate 
special comment. 

In the present case there is no complication due to olefin formation. However, Taylor 
still assumes that the halide is involved only in the reversible process CHPh,Cl + H,O == 
CHPh,-OH + HCI, and therefore that the entities H,O and HCl do not interact variably 
to give H,O* and Cl- according to the conditions of acidity and hydration. The effect of 
the self-condensation of the solvent again produces serious disturbances; nevertheless 
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he continues to determine supposed equilibrium positions (in good agreement with calcu- 
lated values) by rectilinear extrapolation of selected portions of the reaction-time curves 
(cf. Fig. 2, p. 922). We have again shown that the solvent decomposition is accompanied 
by a loss, which he disregards, of ionised or hydrolysable halogen. 

Our reaction-time curves for acetone with approximately 1 and 2 vols. % of water 
(the exact concentrations are recorded in the experimental section) at Taylor’s temperature 
are shown in Fig. 1. Their complexity precludes any significant extrapolation procedure 
for determining the positions of the assumed equilibria. 

In Fig. 2 we give an illustrative curve showing Taylor’s data for a medium stated to 
contain 1 vol. % of water. The discrepancy between his results and ours is considered 
below. The point to be made now is that his linear extrapolation, also reproduced, which 
gives the very close agreement with the “‘ equilibrium composition ’’ calculated from rate 
values could scarcely have been made more inappropriately, having regard to the shape of 
his reaction-time curve. 

Turning now to the rate measurements, which form part of the basis of the second stage 
of Taylor’s three-stage argument, we find a marked discrepancy between his results and 
ours; Taylor’s data for his medium with 1% of water compare more closely with our data 
for a medium with about 2% of water than with those for 1% of water, and our results for 
acetone with 2% and 5% of water show similar disagreements with Taylor’s results, The 
comparatively slight differences between his recorded compositions and ours would not 
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explain discrepancies of this magnitude; however, in order to obtain a stricter com- 
parison, and to confirm our own results, we instituted experiments in two media (1% and 
2% of water) of the precise compositions recorded by Taylor. The results substantiated 
our previous findings, and a consideration of all the differences strongly suggests that the 
‘dry ” acetone used by Taylor to make up his solvent mixtures already contained about 
0-5% of water. A comparison of our initial rates, quoted formally as second-order rate 
constants, with Taylor’s rates, which he expresses in this form (,’ in 1./g.-mol.-hour), 
is given in Table I, and the reaction-time curves for acetone with 1% of water are 
compared in Fig. 2. 
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TABLE I. 












i Taylor. This paper. 
7. [HO] ccccccscsscsssscssescereee 05556 =-1-1111* = -2-7778* 0-551 1-111 2-632 
SEE dincscpnearonmagncaconsin. 4-15 17-1 1-19 1-99 8-31 





* We do not know whether all these significant figures were intended, because the water is svated 
to have been measured by volume. 












The unnoticed extra water in Taylor’s experiments has a serious effect on the rate 
constants from which he calculated the “‘ equilibrium ” compositions. Although the water 
concentrations in all his experiments were so strongly buffered that the data cannot justify 
the assumption of a second-order rate law, Taylor expressed his initial rates as second- 
! order constants, which, naturally, contained the supposed water concentrations as factors. 
There are clearly other errors in the rate constants employed in the calculation of the 
: proportion of reactants at ‘“‘ equilibrium.’ Thus one constant given as 0-127 is a mean 
of two values 0-140 and 0-114, the first of which depends on a titre difference of either 
0-2 or 0-1 c.c. (cf. preceding paper). Other constants, besides depending on very small 
titre differences, are affected by a large and doubtful correction for the removal of acidity 
by the secondary reactions of the acetone solvent. Having regard to the method of 
observation (cf. Fig. 2), we again conclude that the claimed significance of the precise 
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agreement of calculated and “ observed” compositions is not justified by the methods 
used in order to obtain the agreement. i 

Taylor’s final conclusion is that, as his observed and calculated equilibrium com- 
positions show “‘ practical identity,’”’ and since his calculation employs the mass-law, assum- 
ing reactions of the second order in both directions, the forward reaction, 7.e., the hydrolysis, 
is thereby shown to be a reaction of the second order. We quote his figures in Table II, 
and show also the values of the equilibrium compositions when calculated from the mass-law 
on the basis of first-order hydrolysis. The reason why the particular formula used is 
not critical has been explained (preceding paper), and we must again deny that any 
conclusions are to be drawn from our own calculation except that the whole method is 
worthless as a criterion of mechanism. 


TABLE II. 
From Taylor’s Table. ee 3), 





. P 
[H,O]. [CHPh,Cl]. k,’. k,”’. % (Obs.). %, (calc.). %,, (calc.). 
0-5556 0-0974 0-00230 0-658 90-0125 6-0127 0-0128 
1-1111 0-1052 0-00415 0-556 0-0270 0-0255 0-0257 
2-7778 0-1064 0-0171 0-127 0-0842 0-0860 0-0864 
5-5556 0-1170 0-0636 0-0186 0-1140 0-1157 0-1165 


(2) Taylor’s Second Method. 


In paper 5 (cf. preceding paper), Taylor claimed the approximate identity of 
the second-order constants, k,’, for the hydrolysis of tert.-butyl bromide in acetone con- 
taining 1 and 2 vols. % of water as direct evidence of the bimolecular character of the 
hydtolysis: he added that this could happen only “ by coincidence’ on Hughes and 
Ingold’s theory. In paper 9 he records the corresponding, but now widely different 
second-order constants, 0-00230 and 0-00415, for benzhydryl chloride, and does not refer 
to them specifically in this connection. Neither does he mention the previous argument 
based on the approximate identity of the constants for ¢ert.-butyl bromide, nor the previous 
contention that the effects of 1% and 2% of water on the solvent properties of acetone 
should be similar (preceding paper). 

He does make a statement, covering the whole set of k,’ values shown in Table II, that 
the rise with increasing water content is due to the depolymerising action of water on 
itself, the monomeric water molecule being regarded as more reactive than associated 
forms. That an increase in the concentration of a substance should tend to depolymerise 
it is an idea new to us. In any case it is not clear why these considerations do not apply 
in Taylor’s paper 5, where the identity of the second-order constants is claimed as evidence 
for, not a “ coincidence ” on, Taylor’s theory. 

The matter is really very simple. Initial constancy in the second-order coefficient 
means proportionality between the specific rate of disappearance of the alkyl halide and 
the water content. If there is no stoicheiometric intervention of water in the rate-measured 
process, the relationship between these variables must start linearly; and if the main 
solvent is inactive whilst the added solvent is highly active, initial linearity means initial 
proportionality. At some stage, which cannot theoretically be specified, and will evidently 
differ from case to case, the linear relation will begin to fail. Hence the only conclusion 
to be drawn is that the failure begins to be appreciable at concentrations above (and 
only just above) 2% of water in the case of tert.-butyl bromide, and at concentrations 
somewhat below 2% in the example of benzhydryl chloride. We now know that Taylor’s 
results for benzhydryl chloride do not refer to 1% and 2% of water and a correction for 
this would increase the deviation from the linear law. On the other hand, according to 
our results, the difference of behaviour between the two halides is not so great as would 
appear from his data; for whereas the ratio of his two second-order constants for benz- 
hydryl chloride is 1-80, our ratio of initial rates, calculated for comparison as second-order 
constants also, is nearer unity, viz., about 1-63. 

In paper 10 Taylor again takes the initial constancy of second-order k,’ values as 
“ unambiguous evidence ” for the bimolecular mechanism, this time for the hydrolysis of 
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triphenylmethyl chloride in dioxan with small additions of water; he denies the obvious 
truth that initial proportionality is the relation to be expected for the unimolecular 
mechanism. 

In both papers 9 and 10 Taylor cites Olson and Halford’s work (J. Amer. Chem. Soc., 
1937, 59, 2644) on the fugacity formula for the curve of rate against solvent composition 
as supporting his contention that the hydrolysis of tertiary and other halides in aqueous 
solvents is bimolecular, having evidently overlooked the circumstance (cf. Bateman, 
Hughes, and Ingold, J., 1938, 881) that a more complete application of Olson and Halford’s 
method reverses this conclusion. 


EXPERIMENTAL. 


Matevials.—Benzhydry| chloride, prepared from pure benzhydrol, had b. p. 141°/4 mm. 
Acetone was again purified by the method due to Conant and Kirner. 

Rate Measurements.—These were carried out essentially as described in the preceding paper. 
The reaction mixtures were made up either at 0° (expts. 1, 3, and 5) or at 20° (expts. 2 and 4). 
The results are in Table III, where ¢ is the time in hours, and # and y the concentrations of 
hydrogen chloride and unchanged benzhydryl chloride respectively (in g.-mols./l.). These 
concentrations are not corrected for the expansion of the solvent, but the water concentrations 
refer to the temperature of the experiments, viz., 50-10° + 0-05°. The recorded first-order 


TABLE III. 
Expt. 1; [CHPh,Cl] = 0-1014, [H,O] = 0-518 (cf. Fig. 1). 
65 101 113 137 160 185 233 281 


0-0038 0:0060 0-0072 0-0082 0-0099 0-0105 0-0115 0-0120 
5-88 6-04 6-50 6-15 6-42 5-90 (5-16) (4-48) 


548 665 809 973 1053 1220 1381 1511 
00127 00-0121 0-0122 0-0127 0-0133 0-0140 0-0142 0-0149 


Expt. 2; [CHPh,Cl] = 0-1032, [H,O] = 0-551 (cf. Fig. 2). 

44 ~—s 68 92 116 188 212 260 356 
0-0029 0-0049 0-0064 0-0074 0-0121 0-0127 0-0142 0-0150 
649 715 696 641 664 (6-20) (5-70) en 
01025 — 0:1020 01005 00995 — _ 

740 884 1100 1364 


0-0150 0-0154 0-0165 0-0188 
0-0766 0-0723 0-0675 0-0646 


Expt. 3; [CHPh,Cl] = 0-1011, [H,O] = 1-050 (cf. Fig. 1). 
19-5 44 53 68 76-75 93 116 
0-0032 0-0076 00-0094 0-0130 0-0156 0-0166 0-0196 
165 1-78 1:84 202 218 193 1-86 
285 333 4085 ~=—s«501 600 717 861 
0-0241 00-0243 0-0243 0-0248 0-0254 0-0267 0-0280 


— 


1563 
0-0366 


Expt. 4; [CHPh,Cl] = 0-1030, [H,O] = 1-111. 
18 42 66 90 114 162 
0-0035 00-0084 0-0155 0-0210 0-0247 0-0275 

192 202 247 253 240 1-92 
01029 — 01012 0-1002 0-0999 0-0943 


449 547 666 786 953 1193 
0-0301 0-0305 0-0322 0-0337 0-0358 0-0383 
_— 0-0766 — 0-0719 0-0710 0-0698 


Expt. 5; [CHPh,Cl] = 0-0980, [H,O] = 2-632. 
5 1-5 12 16 20 25 
0-0092 0-0139 0-0222 0-0298 0-0360 0-0442 
197 204 214 227 229 2-40 
100-5 150-25 240 
0-0704 00-0708 0-0705 


—s oo 
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rate constants (h,’, hrs.) are calculated from the formula k,’ = (1/t) log, {a/(a — x)}, where a 
is the initial concentration of benzhydryl chloride; no attempt is made to correct for solvent 
decomposition. 


We are greatly indebted to Professor C. K. Ingold, F.R.S., for invaluable advice and 
encouragement in the preparation of this and the preceding paper. 


THE Str WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
University CoLLeGE, Lonpon, W.C. 1. [Received, April 18th, 1940.) 





178. Mechanism of Substitution at a Saturated Carbon Atom. Part 
XIII. Mechanisms operative in the Hydrolysis of Methyl, Ethyl, 
isoPropyl, and tert.-Butyl Bromides in Aqueous Solutions. 


By Lesiize C. BATEMAN, KENNETH A. COOPER, EDWARD D. HuGuHEs, and 
CHRISTOPHER K. INGOLD. 


Contrary to versions of our theory published by Taylor (1937 and 1938), the 
variation of rate with structure in such a series as that indicated in the title 
should be linked with mechanism of substitution, and not with reaction order, 
where through the buffering of a reagent concentration, the reaction order cannot 
change when the mechanism changes. The theoretical connexion with mechanism is 
Sy2 :—Me>Et>Pr?>Bu’” and Syl :—Me<Et<Pr?< Bu’. 

In alkaline aqueous solutions the mechanisms are associated with different reaction 
orders, and rate inequalities consistent with the above can be demonstrated by reference 
toreaction order. A more systematic experimental demonstration has been given of this 
than was available heretofore. In acidic aqueous solution the water concentration is 
buffered, and all reactions are in close approximation of first order; but the rate varia- 
tion, which also has been illustrated, could be understood in the light of the above two 
sequences if we may assume that the bimolecular mechanism operates at the beginning 
of the series and the unimolecular at the end, with an overlapping of mechanisms 
at the isopropyl member, just as Gleave, Hughes, and Ingold originally demonstrated 
(1935) for the decomposition of sulphonium salts. That we may make this assumption 
is rendered probable by the consistent indication of several different sources of evidence, 
viz., (1) the sensitivity of the reactions of the earlier members of the series, and the 
insensitivity in the later members, to acceleration by powerful bases such as OH-; (2) 
the relative insensitivity in the earlier members, and sensitivity in the later, of the 
reaction rates to solvent changes ; (3) salt effects on reaction rate ; (4) the stereochemical 
criterion. Tests (1) and (2) are illustrated in this paper. The salt effects characteristic 
of the unimolecular mechanism are reported in accompanying papers. The stereo- 
chemical criterion has to be applied by elaborating the alkyl series so that it can include 
optically active compounds, and then noting where a change occurs in the stereochemical 
result of substitution : the necessary observations are in previous papers (1937). All 
this evidence coheres, as does the larger whole from which it is taken, and neither Taylor 
nor anyone else who has objected to the ionisation mechanism has succeeded in effecting 
such a synthesis on any other basis. 

[Added 20.1.40.] In an addendum (section la), two‘further, recent papers are 
criticised on the grounds that Taylor’s methods and data are incorrect, that widely 
divergent data are published in different places without adequate cross-reference or 
withdrawal of invalidated conclusions, that erroneous methods of calculation are 
employed, and that (as with papers elsewhere criticised) demonstrably unjustified con- 
clusions are supported by numerical agreements which cannot at present be explained 
in view of the errors made in their derivation. 


(1) Comments on Two Papers by W. Taylor. 


Tus paper contributes to the subject of structural effects on nucleophilic substitutions 
in the analogous forms, MeX, EtX, Pr®X, Bu”X. But it seems necessary to preface the 
description of results (Section 2) with a brief, recapitulatory, theoretical discussion, for the 
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reason that, subsequently to our original publications on the subject (Hughes, Ingold, and 
Patel, J., 1933, 526; Hughes and Ingold, J., 1935, 244), Taylor has twice (papers 3 and 8; 
references, this vol., p. 900) misrepresented our views, in mutually contradictory ways 
which have been found highly confusing by other investigators. 

We commence by supposing that for some one nucleophilic substitution under fixed 
conditions of reagent-concentration, solvent and temperature, it is found by kinetic 
observation that a change of reaction order occurs in the neighbourhood of the dotted line 
in the series EX 


the change being in principle gradual. The alkyl groups A,B . . . Q, are supposed to be 
arranged in order of increasing electron release. We shall find second-order reactions 
predominating increasingly towards the left, and first-order towards the right, of the 
transition region. Our conclusion will then be that the mechanism is bimolecular (Sx2) 
when the reaction order is second, and unimolecular (Sy1) when it is first ; and on theoretical 
grounds we shall expect each mechanism to have a characteristic structural effect on the 
reaction rate, as follows. For mechanism S,2 the rate will fall slowly, possibly with small 
irregularities, along the series (in some cases the “‘ curve’ may flatten out and even rise 
slightly, near the transition region—cf. Hughes, Ingold, and Shapiro, J., 1936, 225); 
and for mechanism Syl the rate will rise rapidly from the point at which this mechanism 
takes control. Now, of course, we can only expect to make observations of kinetic order, 
locating the transition region, if both interacting species are kept in small and controllable 
concentrations. If the concentration of one reagent is ‘“ buffered ’’ by making it many 
times larger than that of the other, all our reactions will, from an observational point of 
view, be necessarily of first order, and the observed order will then give no information 
concerning mechanism.* For the solution of the mechanistic problem we shall now be 
thrown back on other less direct methods. If the variation of rate with structure is such 
as we should expect from a change of mechanism in some particular position in the series, 
that fact itself might be taken as evidence; but we should desire confirmation. 

Taylor’s paper 3, the first of two dealing with the relative rates of hydrolysis of the 
bromides MeBr, EtBr, Pr*Br and Bu’Br in neutral or acid aqueous solvents, opens with 
the following passage, in reading which it must be noted that he was using “‘ unimolecular ”’ 
and “ bimolecular ”’ in the experimental sense for which we reserve the terms “ first 
order’ and “ second order”: ‘‘ According to Hughes and Ingold, for the hydrolysis and 
alcoholysis of alkyl halides in the series where Alk = Bu’, Pr®, Et, Me, the velocity of the 
unimolecular ”’ [7.e., first order] ‘‘ reaction should continuously decrease, and this reaction 
should, in fact, be unrealisable for Et and Me. Neither of these deductions, which these 
authors make from their ionisation theory, can be upheld, since it is now found that, 
not only do both methyl and ethyl bromide suffer unimolecular ”’ [first order] “‘ reaction 
in aqueous alcohol, but the velocities are in the order Bu*>Me>Pr®>Et. As this result 
is not in agreement with their theory, it casts doubt on their assumption . . .” that certain 
other reactions, which Taylor specifies, have a duplex mechanism like hydrolysis (the 
passage is too long to quote in full). Our comment on this must be that there has been a 
misunderstanding : Hughes and Ingold did not make either of the two deductions imputed 
to them. In particular, they did not claim that, when one reagent is taken in such large 
excess that the reaction is experimentally of the first order whatever the mechanism, then 
that first-order rate would decrease in the series Bu”>Pr?’>Et>Me independently of 
mechanism; on the contrary, the position was (and is) that, if there is a change of 
mechanism (which has to be proved), the rate should go through a minimum (which it 
does). Neither did Hughes and Ingold claim that the first-order reactions of methyl 
and ethyl halides would be unrealisable under conditions in which no other reaction order 
can possibly be realised. They did suggest that, where a bimolecular mechanism appears 
as a fast second-order reaction, it would be difficult to observe a simultaneous, slow first- 
order reaction representing a unimolecular mechanism; but, of course, if the bimolecular 


* We shall show in accompanying papers (this vol., p. 960, et seq.) that this is only a rough truth, 
the deviations from which are of great importance. 
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mechanism is made to give a first-order reaction by buffering one of the concentrations, 
one naturally observes a first-order reaction. In view of Taylor’s misconception we will 
repeat (because it is just as true in the light of our much wider knowledge of to-day as when 
we advanced the theory) that, whenever either kinetic evidence, or, when that is unavailable, 
consistent indirect evidence can be adduced to show that a reaction is unimolecular, then 
rates conforming to such series as Bu”’>Pr°>Et>Me are invariably observed. This 
statement, already extensively illustrated, is further exemplified in a number of different 
ways in the present group of papers (e.g., this vol., p. 945). 

Taylor’s paper appeared as one of us was passing proofs for this Journal; in which, 
therefore, a footnote was inserted (J., 1937, 1187) protesting against his travesty of our 
theory and briefly remarking that reaction order and mechanism are not synonymous. 
The point appears to have been noted, because some months later Taylor returned to the 
hydrolysis of the same four halides in acidic aqueous solvents (paper 8); and, without 
directing attention to his previous version of our views, allowed us an entirely different, 
but equally incorrect, set of conclusions. In this paper it appears that “ according to 
these authors’ (Hughes and Ingold) “ the second-order hydrolysis velocity coefficients 
should be Me>Et>Pr*>Bu’.”” He continues, ‘‘ The purpose of this investigation was 
to discover whether or not the coefficients vary in this manner. As shown in Table I, they 
do not, but are, in fact, Me>Et<Pr®<Bu’.” The statement quoted contains two 
remarkable inversions. First the series BuY>Pr®>Et>Me previously assigned to us, 
is completely reversed to Me>Et>Pr®>Bu”. This point need not be elaborated, for 
we have already remarked that there is no direct connexion between the expected sequence 
and the reaction order; that, indeed, a sequence cannot be predicted unless the question 
of mechanism is first settled. Secondly, in order to give plausibility to the inverted alkyl 
series, reactions such as were previously called ‘‘ unimolecular ’”’ are now called ‘‘ second 
order’; although, as can be seen from the experimental section of the same paper, they are 
first order—as they must be, since one of the reagent concentrations is buffered. 

Before presenting our own results on this subject (Section 2), we should state that there 
are considerable discrepancies between Taylor’s rate constants and ours, although the 
differences do not leave any doubt about the main qualitative relationships. It is true that 
rate constants for hydrolysis in mixed solvents are not always exactly reproduced by 
different workers, because some rates are sensitive to small differences of solvent com- 
position; but this consideration hardly affects the Arrhenius critical energies, which we 
have found to be rather slightly sensitive to solvent composition. When Taylor’s paper 3 
appeared recording critical energies for the acid hydrolysis of tert.-butyl bromide in aqueous .- 
alcohol, Cooper and Hughes had in the press a paper (J., 1937, 1183) which indicated dis- 
crepancies with Taylor’s values of 3—4 kg.-cals. in 20. We have since repeated and extended 
these determinations. The results closely confirm the values of Cooper and Hughes, and 
the magnitude (2-3—4-5 kg.-cals.) of the discrepancies. There are also discrepancies with 
some of the less sensitive rate constants (¢.g., those for ethyl bromide) which are quite out 
of proportion to any uncertainty in the specification of the solvent. 


[Added 20.1.40.] (la) Comments on Two Further Papers by W. Taylor. 


Paper 11 by Taylor and Read has just appeared. It duplicates and extends some of the 
errors of paper 10 (references, this vol., p. 900), which we had intended to pass by without 
comment. It now seems necessary to deal with these papers. 

In the first place, paper 11 contains data which, if accepted, show that Taylor’s observa- 
tions of paper 8, which we did not systematically repeat, on the hydrolysis of methyl, 
ethyl, isopropyl and ¢ert.-butyl bromide in aqueous acetone are in just as serious error as 
are his observations of paper 3, which we have repeated, on the hydrolysis of the same 
halides iri aqueous alcohol. Scrutiny is necessary in order to discover that the discrepancies 
are serious, that they change the order of the alkyl groups, and that they thereby cut away 
the basis of Taylor’s case as it was presented in paper 8. In the new paper the significant 
values are embodied with many others in a table, a footnote to which states that “ these 
values correct those in J., 1938, 841,” without any further indication of the magnitude or 
implications of the corrections. The necessary collation of data is given in Table Ia. The 
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experiments were done at 50° in acetone containing 5 and 10 vols.% of water. Second- 
order rate-constants, k, = (dx/dt)/[H,O](a — x), were calculated in accordance with 
Taylor’s thesis that all the hydrolyses are bimolecular; of course, [H,O] is constant. The 
rate constants noted are 10°, with , in hr.~1g.-mol.-41. 


TABLE Ia. 


Taylor's Data for Rates of Hydrolysis of Alkyl Bromides in Aqueous Acetone. 


Medium. [H,0]. MeBr. EtBr. PréBr. BuYBr, 
5 Vols. % aq. 2-7778 Paper 8 9-84 3-02 4-81 5,990* 
Paper 11 7-15 2-39 1-68 5,310 
10 Vols. % aq. 5-5556 Paper 8 16-5 5-22 7-30 18,400* 
Paper 11 12-6 4-72 3-91 14,400 


* These values were quoted in paper 8 from paper 5, wherein they contributed to a remarkable 
numerical agreement, which is a subject of comment in our accompanying paper (p. 913). 


With 60—80% aqueous alcohol as solvent, Taylor had (paper 3) obtained the order 
Bu’>Me>Pr*>Et, and claimed it to be contrary to our theory. With 90—95% 
aqueous acetone as solvent, he then (incorrectly, as it appears) reported the same sequence 
(paper 8), thus supporting his argument, in opposition to our idea of a change of mechanism, 
that the sequence was a fundamental characteristic of the alkyl groups in reactions with 
such reagents as water and alcohol: ‘‘ The minimum at Et in the series Alk.X is 
attributable, not to a break from a uni- to a bi-molecular mechanism, but solely to the 
varying nature of the group Alk.” Although the new figures lead to the different order 
Bu’>Me>Et>Pr*, this order is not actually set down, and the previous argument is not 
mentioned. 

It may be pointed out that such a change of order with change of solvent is quite 
consistent with our theory, and, indeed, is part of a general consequence of the theory 
that can be further illustrated. The rate minimum in the series Me, Et, Pr®, Bu’ is attri- 
buted to a change in the mechanism of substitution, the bimolecular mechanism taking 
charge at the left hand end, and the unimolecular mechanism at the right hand end, of 
the series (on account of the inductive effect *). As we change from less ionising to more 
ionising solvents, the unimolecular mechanism, which depends on ionisation, gains in 
relative importance, and hence the minimum shifts to the left. In weakly aqueous acetone 
the minimum has been found at Pr®. In strongly aqueous alcohol it is found at Et. We 
shall show (this vol., p. 945) that in aqueous formic acid it shifts to Me, 1.e., that the order 
is Me<Et<Pr*<Bu’ with no intermediate minimum. 

Much of paper 11 is concerned with the catalysis of the hydrolysis by mercuric bromide 
(cf. Nicolet and Stevens, J. Amer. Chem. Soc., 1928, 50, 135, 212; Bodendorf and Bohme, 
Annalen, 1935, 516, 1; Roberts and Hammett, J. Amer. Chem. Soc., 1937, 59, 1063), 
but the figures given do not support the statements made about them. Thus catalysis is 
said to increase in the series Me<Et<Pr*®<Bu’, and theoretical arguments are based 
on this statement; but actually the reported excess rates due to mercuric bromide yield 
various sequences, Et<Me<Pr’<Bu’, Pré<Et<Me<Bu’, Me<Et<Pr’<Bu’, ac- 
cording to the experiment selected. Again, it is stated that the accelerating effect of 
mercuric bromide is reduced by hydrogen bromide, but the data show both reductions 
and increases in different experiments. Furthermore, there seems to be little foundation 
for the claim that hydrogen bromide alone exerts a notable accelerating influence, much 
greater, for example, than that of sodium bromide. Moreover, the statement that added 
sodium bromide alone, even in concentrations up to 0-8M, does not sensibly modify the rate 
of hydrolysis of éert.-butyl bromide seems quite inconsistent with our observations (this 
vol., pp. 960, 966, 971, 974, 979) on salt effects in a number of unimolecular hydrolyses, 
including that of ¢ert.-butyl bromide in aqueous acetone, where we find quite large changes 
of rate (e.g., 40%) with salt concentrations no larger than 0-IM. Finally, the remarkable 
claim that ¢ert.-butyl bromide catalyses its own hydrolysis remains unsupported, since, 
owing to their peculiar method of making up their solutions, the authors change their 


* This too simple statement is expanded in accompanying papers (this vol., pp. 899 and 949). 
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acetone—water ratio quite considerably when they alter the concentration of tert.-butyl 
bromide. 

The authors’ figures as a whole are of dubious significance for another reason. They 
state that, as “ no olefin formation could be found ”’, their kinetic experiments are ‘ un- 
complicated by side reactions’ and therefore “‘ more easily interpreted ” than those of 
other investigators. But, in order to test for propylene and isobutylene, they first neutral- 
ised the acidic solutions with calcium carbonate (thus removing the olefin by generating a 
gas in the solution), then filtered (presumably on an open filter and possibly with a suction 
pump), and only then tried to distil the olefin (which had by that time disappeared) into 
standard bromine. A revision of their described test for isobutylene, but with precautions 
to avoid its loss (this vol., p. 934), has shown that, under these particular conditions, about 
42% of the total reaction results in olefin production. This alone renders the authors’ 
conclusions worthless. 

The authors’ methods of calculating their results are remarkable. For the forward 
reaction (assumed to be entirely hydrolysis), they used a second-order formula, allowing one 
kinetic order for water, the active mass of which is constant, but making no allowance 
for hydrogen bromide, which, according to their statement, accelerates the reaction more 
than water, and is generated in the process; and there are similar inconsistencies in the 
treatment of mercuric bromide. For the retrograde reaction, which Taylor also regards 
as bimolecular, they use the first-order formula, kt = Ina/(a — x), where a is the concen- 
tration of both alcohol and hydrogen bromide—a meaningless procedure, unless it be 
assumed that the concentration of one of the reagents is immaterial, which is certainly 
not the case. Excellent constants are reported. (The proper formula for a bimolecular 
reaction between equivalent amounts of reactants contains no logarithm.) 

Errors analogous to a number of those discussed above, and also to many pointed out 
in the two immediately preceding papers, appear also in Taylor and Read’s paper 10, 
which deals with the hydrolysis of triphenylmethyl chloride in moist dioxan. Good 
second-order rate and equilibrium constants are recorded for the reversible system 


CPh,Cl + H,O == CPh,-OH + HCl 
although there are two other systems, neglected by the authors, viz., 
H,O + HCl = H,O* + Cl- and CPh,-OH + HCl == CPh,-OH,* + Cl~ 


which must vary as to composition with the progress of the hydrolytic reaction and with 
the initial concentration of water or hydrogen chloride, because, over considerable portions 
of the reactions followed, the quantities of these materials were comparable. There are 
also other reasons of principle why the observation of any simple kinetic order is surprising. 
Thus, we have shown for the hydrolysis of benzhydryl halides that the liberated hydrogen 
halide has a marked retarding influence on the forward reaction (independently of any 
incursion of the back reaction), and we have given theoretical reasons for expecting a still 
stronger manifestation of the same phenomenon in the case of the triphenylmethy] halides 
(this vol., pp. 960 and 979). It is difficult to understand why Taylor and Read do not 
consider this effect in their example in view of the circumstance that we had made a pre- 
liminary report of its discovery (J. Amer. Chem. Soc., 1938, 60, 3080). Apart from the 
neglect of these general chemical matters, the authors’ data are affected by an extensive 
series of corrections, every one of which can be shown to be incorrect in principle. The 
methods of calculation are likewise incorrect. Claiming on this basis to have established 
that the hydrolysis is a reaction of the second order, the authors conclude, just as Taylor 
had already done in other examples (cf. the two preceding papers), that the kinetic results 
establish the bimolecular mechanism and cannot be accommodated by the unimolecular 
mechanism. Reference to the papers just cited will show that the reasoning is unsound 
independently of what truth may attach to the claim on which it is based. 

Finally we may comment on Taylor and Read’s discussion (paper 11), in which the idea 
is developed that the rate minimum in the series Me, Et, Pr®, Bu” may be due to a switch 
from nucleophilic to dominating electrophilic functions on the part of the reagent—our 
duplexity, S,2 + Syl, being now replaced by the duplexity Sy2 + S,2. This is pushed 
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to the logical, but unacceptable, conclusion that even a powerful base such as diethylamine 
must behave in a “ partly ” electrophilic manner, ¢.g., in the Menschutkin reaction; 1.¢., 
that it must really be trying to combine with electrons when it in fact finds itself com- 
bining with an atomic kernel. We refer to these proposals, because, although such a theory 
is unlikely to appeal, it could cause confusion by reason of its association with a correct 
classification of mercuric bromide as an electrophilic reagent. The point to be noted, 
however, is that mercuric bromide is here a catalyst, not the substituting agent, which must 
be nucleophilic since it combines with a carbon kernel. Cowdrey, Hughes, Ingold, Master- 
man, and Scott have already given a theoretical treatment of this type of case (J., 1937, 
1236, 1243, 1252) in the example of the heterogeneous catalysis of nucleophilic substitution 
by electrophilic silver ions : these assist the ionic fission of the alkyl halide, thereby facilitat- 
ing a mechanism of substitution that may be regarded as an elaboration of mechanism Sy]. 
Mercuric bromide acts similarly, probably through the tendency to form R*(HgBr,)-, 
and so likewise do many other heavy-metal halides (Bodendorf and Béhme, loc. cit.). 
Cowdrey, Hughes, Ingold, Masterman, and Scott pointed out that the Syl mechanism 
as modified by electrophilic catalysis will follow the uncatalysed S,l mechanism in its 
dependence on structure; so reaction rate should increase in the series Me, Et, Pr®, Bu’. 
Thus the “ electrophilic” series, Me<Et <Pr*<Bu’, which Taylor claimed (unjustifiably) 
to have illustrated by his experiments with mercuric bromide, elucidates no new point of 
theory, but is merely the sequence expected for the Syl mechanism in both its fundamental 
and its elaborated forms. 

In order to generalise these conclusions, reference may be made to another important 
class of electrophilic catalysts, viz., the non-ionised halogen acids (of course, in solvents for 
which these acids have little or no affinity). Their action, depending on their intense, 
polar, electrical field, is most often encountered as the autocatalysis of hydrogen halide 
elimination from alkyl halides in non-hydroxylic solvents (or in the absence of a solvent) ; 
but a well-investigated example of a similarly catalysed substitution is available in the 
“intramolecular substitution” in which camphene hydrochloride is converted into 1so- 
bornyl chloride (Meerwein e¢ al., Ber., 1920, 58, 1815; 1922, 55, 2500; Amnalen, 1924, 
435, 174, 207; 1927, 453, 16; Bartlett and Péckel, J. Amer. Chem. Soc., 1937, 59, 820; 
1938, 60, 1585; Nevell, de Salas, and Wilson, J., 1939, 1188). This has the catalysis 
described (e.g., in chloroform), and involves a Walden inversion; chloride ions as such do 
not affect the rate, but exchange with isotopically distinguished chloride ions proceeds 
faster than the isomerisation. The effect of solvent variation strongly suggests ionisation 
as the rate-controlling step; and contrary to an assumption of Nevell, de Salas, and Wilson, 
we suppose that the rate-controlling process is the ionisation (1), [v;<(v_ + v3)], which is 
accelerated by electrophilic catalysts such as heavy-metal chlorides and non-ionised 
hydrogen chloride; and that, otherwise, the formed cation is simply partitioned very 
unequally (v,>v,). This might be expected, since of the two succeeding processes, (2) and 
(3), only process (3) involves a rearrangement : 


CH;-C—Cl_ CH,C* 


qd) aN 
DF Ore 

(2) 
The rearrangement is really a bimolecular substitution at a saturated atom, and therefore 
necessitates inversion, even though inversion produces isobornyl chloride, the thermo- 
dynamically: less stable stereoisomeride. The latter changes in ionising solvents, although 
relatively slowly, into bornyl chloride, thus confirming the view that only the “ camphene 
hydro-”’ cation (formula above), and not the bornyl (= isobornyl) cation, is produced in 
the isomerisation ; for when the bornyl cation is formed, then it associates with an anion 
to produce a bornyl, and not an isobornyl, compound.* 

* We think that further experiment is needed to determine definitely whether hydrogen exchange, 
which Nevell, de Salas, and Wilson also investigated, is not to be correlated essentially with the revers- 
ible formation of camphene from the cation. There seems to us to be no sufficient reason against this 
simple explanation. 
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In general, we may conclude that there is nothing in the known authentic observations 
on the electrophilic catalysis of nucleophilic substitution that requires Taylor’s theory or 
that cannot be interpreted on the model already given in the example of catalysis by silver 
ions. 

(2) Mechanism of Hydrolysis of Alkyl Halides in Acidic Aqueous Solvents. 


We now take up the question of whether or not there is a change of mechanism in the 
series MeBr . . . . Bu’Br for hydrolysis in acidic aqueous solvents. Reaction order tells 
us nothing, and we are therefore dependent on less direct indications, which we accept as 
evidence if they are mutually confirmatory. We justify this attitude on the ground that, 
although Taylor, for example, has produced such items of theory as are cited in this and in 
preceding papers, nobody has yet succeeded in harmonising completely the large mass of . 
known results concerning structural influences on rate for reactions of many types, with 
kinetic order, with effects due to changes of reagent, effects due to solvent changes and salt 
additions, and with stereochemical phenomena, by means of any one simple theory except 
that which we have proposed and here employ: every apparent discord is shown in one 
or other of these papers to be traceable to faulty experiment or misleading record. 

Our comparative data are in Table I. The figures for methyl and ethyl bromide 
represent new measurements. Those for ¢ert.-butyl bromide are obtained by temperature- 
extrapolation of mutually confirmatory new results and published measurements by 
Cooper and Hughes (loc. cit.). Those for ssopropyl bromide are derived by temperature- 
interpolation from data by Hughes, Ingold, and Shapiro (loc. cit.). Those parts of the 
total first- or second-order rates which represent olefin formation have been removed from 
the measured total rates, so that the figures in the Table relate to substitution only. The 
allowance to be made for olefin formation is negligible for ethyl bromide and for the first- 
order reaction of isopropyl bromide. For the second-order reaction of the isopropyl 
bromide it was exactly measured by Hughes, Ingold, and Shapiro. For tert.-butyl bromide 
the proportion of olefin was found by Cooper, Hughes, and Ingold (J., 1937, 1280) to be 
12-6% in our solvent at 25°, and we have allowed 19% because the temperature of our 
comparison is higher. We do not exactly know the temperature effect on olefin proportion 
for tert.-butyl bromide, but we know it for ¢ert.-butyl chloride (Cooper and Hughes, unpub- 
lished) and ¢ert.-amyl chloride (Hughes and MacNulty, J., 1937, 1283), and have used 
these results in arriving at the figure 19%. This may well be 2% out, but exact value makes 
no difference to the discussion given below. 


TABLE I, 
Rates of Substitution of Alkyl Bromides in 80% Aqueous Ethyl Alcohol at 55-0°. 


k, = first-order constant in sec... k, = second-order constant in sec. g.-mol.* 1. 
[Taylor’s values (papers 1] and 3) are given in parenthesis. ]} 


MeBr. EtBr. BuyBr. 
a rr erm PréBr. . 


———. —" 
Solvent alone: 105%, (obs.) ............... 0-349 (0-479) 0-139 (0-200) 0-237 1010 (240)t 
Solvent + NaOH : 105k, (obs.) 2140 — 171* (108)t 4-75 — -- 
Solvent with [NaOH] = 1: 10°, (calc.) 2140 — 171 aa 4-99 1010 — 

* This value is a little lower (as it should be) than that which MacNulty, Masterman, Hughes, and 
Ingold (this vol., p. 899) found for the same reaction at 55° in absolute alcohol, viz., 197. The last 
figure may be compared with an interpolated value, 213, derived from Grant and Hinshelwood’s results 
(J., 1933, 258). Taylor’s directly determined value for absolute alcohol as solvent was 142. 

+ Graphically interpolated from a series of Taylor’s values applying to different percentages of 
water in aqueous alcohol at 55°. Taylor worked with ca. 0-2N-alkali, a somewhat higher concentration 
than we have employed (cf. Table II, p. 934). 

¢ Extrapolated for temperature. Most of the discrepancy between Taylor’s value and ours arises 
from the considerable difference between Taylor’s temperature coefficient and ours. As he disregards 
olefin formation, we have applied the 19% correction to his value to make it comparable with ours. 


Examining the first line of figures in the Table, we find, from MeBr to EtBr a small 
fall in the rate; from EtBr to Pr®Br a still smaller rise; and from Pr®Br to Bu’Br a very 
large rise. This is the variation characteristic of a change of mechanism at, or somewhat 
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to the right of, the rate minimum—the latter alternative arising in a refinement of theory 
given by Hughes, Ingold, and Shapiro. We infer that the reaction may be bimolecular 
for MeBr, essentially so for EtBr, partly so for Pr*Br, and essentially unimolecular for 
Bu’Br. 

The simplest type of confirmation we may seek is that obtained by studying the effect 
of adding a strongly basic reagent to the solvent : we added sodium hydroxide. Wherever 
the reaction with water or alcohol is bimolecular, that with hydroxide or ethoxide ions is 
sure to be; and is sure to be much faster. The second-order rate constants are given by 
the second-row figures in Table I. If we imagine the sodium hydroxide concentration 
to be buffered to n, the figures of the first and second rows become directly comparable, 
the latter now becoming first-order constants under the mass-law; and thus the total 
‘reaction should be represented by constants which are numerically the sum of the two, 
as is shown in the bottom line of figures. Comparing these totals with their components, 
we find pure second-order reactions for MeBr and EtBr, a reaction predominantly of second 
order for Pr*Br, and an inappreciable second-order reaction for Bu’Br. Taking account 
of the concentration of the solvent for the purposes of an order-of-magnitude calculation, 
we see that the specific rate which would have to represent the activity of water and alcohol 
in the assumed bimolecular reaction with methyl bromide is 10 times smaller than the 
corresponding rate for the reaction with hydroxide and ethoxide ions. This is entirely 
consistent with the known relationship between specific rates and basic strengths, which 
Brénsted has so extensively illustrated. The same is true for ethyl bromide, for, although 
the rate disparity is reduced by a factor of 4, the ratio is still of order 10°. We emphasise 
that this does not exclude the possibility that some small part of the total rate of the reaction 
of ethyl bromide with the solvent is contributed by a unimolecular reaction. A duplex 
constitution for the reaction between isopropyl bromide and the solvent is rather definitely 
indicated, since the rate ratio here is only of order 10-*—10-*; whilst for ¢ert.-butyl bromide 
the absence of a measurable second-order reaction with sodium hydroxide shows the solvent 
reaction to be essentially unimolecular. 

Reverting to Section (1) of this paper, we may note the confirmation that, when the 
reaction really is a second-order one, and demonstrably bimolecular, the rates (Table, 
row 2) diminish through the series as they should. 

Unfortunately the evidence to be obtained from the effect of solvent variation is not 
qualitatively diagnostic; for theory requires (see Hughes and Ingold’s Table, J., 1935, 
252, cases 3 and 4) that a change to a more highly solvating solvent should increase the rate 
both of the unimolecular process and of the bimolecular reaction with the solvent; quite 
unlike the bimolecular reaction with hydroxide and alkoxide ions, the rate of which should 
be decreased (case 6), as it is known to be for methyl and ethyl iodide (loc. cit.) and iso- 
propyl bromide (Hughes, Ingold, and Shapiro). Nevertheless, it is worth seeing whether 
methyl and ethyl bromides, whose behaviour from a kinetic standpoint is different from 
that of the higher bromides, exhibit the required effect in their solvent reactions: at least 
if they did not, we should be proved wrong. We find, in agreement with Taylor, that more 
aqueous solvents increase the rate of hydrolysis of ethyl bromide, as they should. However, 
it is interesting and probably significant that, as Taylor’s results also show, the solvent 
effects for methyl, ethyl and isopropyl bromide in the reactions with solvent alone are 
similar to one another and considerably smaller than for ¢ert.-butyl bromide; and, further- 
more, that for the most highly aqueous solvents, which should bring out most prominently 
the unimolecular reaction of isopropyl bromide, this halide separates itself distinctly from 
the two lower homologues, its solvent effect rising towards that of ¢ert.-butyl bromide. 
From a rather different point of view, it has already been shown (Bateman, Hughes, and 
Ingold, J., 1938, 881) by means of a comparison of rates and product compositions for the 
solvolysis of tert.-butyl chloride in aqueous methyl or ethyl alcohol that these reactions 
are definitely not bimolecular in mechanism. 

We do not discuss salt effects here because the evidence relating to these is sufficiently 
important to deserve separate publication: a part of this evidence is reported in accompany- 
ing papers (this vol., pp. 960 and 979). 

Thete remains the stereochemical criterion. It is true that we cannot apply this directly 
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to the simple compounds here treated, but we can make substitutions in, and extensions to 
our series, thus permitting the conclusions to be checked stereochemically at certain points, 
e.g., those marked * : 


CORSCHBr, MeBr, EtBr, °4asScHpr, BurBr. 


Here we have replaced isopropyl bromide by sec.-octyl bromide, which is known to display 
a closely similar behaviour, not only in the kinetic form of its hydrolytic reactions, but 
also in their absolute reaction rates (Hughes and Shapiro, J., 1937, 1192). It has been 
shown that the solvent reactions of sec.-octyl bromide exhibit in considerable amount the 
racemisation which is diagnostic of the unimolecular mechanism (Hughes, Ingold, and 
Masterman, J., 1937, 1196). In a-bromopropionic acid, or its methyl ester, we have added 
a strongly electron-attracting group, thus extending our series to the left. By way of 
contrast, it has been found that this acid and ester exhibit no racemisation in their solvent 
reactions, but only the quantitative inversion of configuration characteristic of the bi- 
molecular mechanism (Cowdrey, Hughes, and Ingold, J., 1937, 1208). 

We fully admit that the evidence presented in this paper on the subject of the solvent 
reaction is circumstantial; but it is wholly consistent, not only internally, but also with 
the varied evidence of our previous papers and those of the present group (this vol., pp. 
899, 935, 940, 945, 960, 979). On account of the consistency and variety of the evidence 
we are strongly inclined to accept it as proving that there is a change of mechanism in 
the investigated solvent reactions of the series MeBr Bu’Br. 

It was not surprising to find, after the publication of Taylor’s papers, that some authors 
had doubts as to whether our theory of hydrolyses and other substitutions possessed the 
diagnostic quality and guiding power we claim for it. We illustrate these doubts with a 
single quotation from a recent paper by Hinshelwood, Laidler, and Timm (J., 1938, 849), 
who write : ‘‘ Reactions have been classified as class A or class B according as the reaction 
is facilitated by accession of electrons to or recession of electrons from the point of attack 
(Ingold and Rothstein, J., 1928, 1217). This terminology is convenient in classifying data, 
but gives no insight into actual mechanism. In particular, it is impossible to predict to 
which class the reaction belongs, as was clearly pointed out by Oxford and Robinson for 
the case of hydrolysis (J., 1926, 384) . . .” (Taylor is cited later). Now no such simple 
statement as this can really summarise the situation fairly. It is true that, if we knew 
no facts at all, we could not predict any. But, if in the theoretically constructed series, 
AX QX, we are told that the already discussed change of kinetic type has been 
observed at, say FX, then at once we can assert that all members to the right of this point 
will belong to Ingold and Rothstein’s class A, and that (possibly after a short gap) all 
members to the left will belong to class B. Thus a considerable element of prediction is 
present in our theory. - It should be emphasised that what Oxford and Robinson wrote in 
1926 was perfectly true. The diagnostic quality referred to entered only with Hughes, 
Ingold, and Patel’s paper of 1933, though it had been widely illustrated before 1938, the 
date of the above quotation. 
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EXPERIMENTAL. 


Except for the experiments at low temperature which were done by withdrawing aliquot 
portions of the reaction mixture as usual, the sealed bulb technique was employed. Portians 
of, e.g., 5 c.c. of reaction mixture were enclosed in sealed bulbs, which were placed in the thermo- 
stat for known times, and then broken under 100 c.c. of either cold acetone or cold ethyl alcohol, 
according as the solution was acid or alkaline, to stop the reaction. Lacmoid was used as 
indicator for the acid—alkali titrations. Second-order rate constants obtained by the bulb 
method were corrected for thermal expansion. 

In the acid hydrolyses of methyl and ethyl bromide, analysis during the end part of the te- 
action is disturbed by reaction between the hydrogen bromide and the solvent; however, this 
did not prevent the determination of good constants from the earlier portion of the reaction 
(cf. Table III). In order to avoid, having to weigh methyl and ethyl bromide accurately, the 
initial concentration of this material was obtained by mixing samples of the reaction mixture 
With alcoholic potassium hydroxide and estimating the bromide ion by Volhard’s method. 
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Owing to the volatility of methyl bromide it was felt desirable in experiments at 55° to make sure 
that no error was being caused by some part of the material “‘ hiding ” in the gas phase. To this 
end bulbs of two different sizes were used for the duplicate runs of our usual routine, the gas- 
space ratio being 1: 2-3. The results agreed. The unlikely possibility that the discrepancies 
with Taylor’s values could be attributed to an uncontrolled peroxide effect was also checked by 
doing a few runs in the presence of quinol; however, this made no difference. 

The new rate constants are listed in Table II. In all cases the initial concentration of the 
organic halide was of the order of 0-05m (cf. Table III). By ‘“‘ 80% EtOH ” we mean the solvent 
obtained by mixing at room temperature 80 vols. of absolute ethyl alcohol with 20 vols. of water ; 
the other indications of solvent composition in Table II have a like significance. It should be 
noted that the constants of Table II are otal first- and second-order constants. As we have 
already pointed out, an appreciable part of the first-order rates for ¢ert.-butyl bromide (e.g., 
12-6% for 80% EtOH at 25°) corresponds to olefin formation. Some individual runs are illus- 
trated in Table III, each recorded reading being a mean of duplicate determinations, 


TABLE II. 
Summary of First- and Second-order Rate Constants. 


(k, in sec.-1; k, in sec.—? g.-mol.“1.) 
Medium. Initial{[NaOH]. Temp. 105k,. 


80% EtOH — 55-0° 0-349 
- 0-0709 oe 


* wee 0-139 

ra 0-0697 — 
80% Me,CO 50-6 0-0264 
90% Me,CO 0-00583 
60% EtOH* 376 

" . 13-3 
80% EtOH . 36-3 

ss ; 35-7 

* . 1-16 
90% EtOH 7-14 
80% Me,CO ; 176 
90% Me,CO 20-7 


* E = 21-7 kg.-cals. Taylor (paper 4) gave 17-2 kg.-cals. 
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TABLE III. 


Illustrating Determination of First- and Second-order Rate Constants. 
Hydrolysis of MeBr in 80% EtOH at 55-0°. [NaOH],.o = 0. [MeBr] expressed in equivalent 
c.c. of 0-0104N-alkali per 5 c.c. sample. , in sec.-}. 


Ic scnsctninioentitibaemaiintien: 5 a 4:5 90 1575 245 390 470 880 
[MeBr] .......ccscccccseressereceeeee S110 29°47 27-98 25:22 22:74 19:20 17-22 9-88 
PU | sintdcid cab bedeactebecdabeta: {am 334 326 371 3655 344 350 3-62 


Hydrolysis of EtBr in 80% EtOH at 55-0°. [NaOH],.o = 0-0698N. [EtBr},—0 = 0-0299M. 
{EtBr] expressed in equivalent c.c. of 0-0498N-acid per 10 c.c. sample. , in sec.g.-mel.-4l. 


PETS.) Loceccesccccccccesccccsecscess!| OD 0-50 0-75 1-02 1-97 2-51 3-99 
PERE Sie ccksnssevecisscccestccccete! 4-84 4-45 3-96 2-88 2-45 1-48 
BPR g — ceccccccccccccccccccccccecsess 1-79 1-69 1-76 1-70 1-67 1-76 


Hydrolysis of BuyBr in 60% EtOH at 24-95°. [NaOH],-»9 = 0. [BuyYBr] expressed in equivalent 
c.c. of 0-0421N-alkali per 5 c.c. sample. &, in sec.-. 


Meth! oo Lsccissidsssiniaiiide ct} @ 55 117 184 255 420 542 729 « 
TROT <cthinasinannndenioh ondsdesng! 308 7-21 572 444 333 £180 1:07 0:56 
SL: | koohhaisthaleiivetitineens' 7m 3-75 374 '375 384 380 390 3-79 


[Added 20.1.40.] isoButylene from the Reaction of tert.-Butyl Bromide with Aqueous 
Acetone containing Mercuric Bromide.—A solution of freshly distilled tert-butyl bromide 
(13-7 g.) and mercuric bromide (1-8 g.) in a mixture of water (10 c.c.) and acetone (100 c.c.)— 
these were the proportions used by Taylor and Read for their reported estimation of 
isobutylene—was heated at 50-0°, whilst the isobutylene was led away in a stream 
of air. A slight modification of our usual trapping system was introduced in order 
more effectively to cope with acetone solvent. Any acetone not returned by the 
well-cooled reflux was held by means of a trap containing saturated aqueous sodium 
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hydrogen sulphite at 0°, and the dried gases were then passed on through two bubbling 
tubes containing methylene chloride at — 80°. The isobutylene thus collected was estimated 
by means of standard bromine solution as usual. Blank experiments, with omission of the 
tert-butyl bromide, were conducted similarly, The quantities of isobutylene formed were 
close to 42% of the theoretical. We confirmed by further experiments, what is already 
clear from results published elsewhere (J., 1937, 1280; this vol., p. 899), viz., that the 
proportion of olefin is a somewhat sensitive function of conditions; but we have not yet 


discovered any conditions in which the proportion approximates to the zero value reported 
by Taylor and Read, 


Tue Str WiLtttAM RAMSAY AND RALPH FORSTER LABORATORIES, 
University CoLtecz, Lonpon, W.C. 1. [Received, April 18th, 1940.] 





179. Mechanism of Substitution at a Saturated Carbon Atom. Part 
XIV. Unimolecular Substitutions of tert.-Butyl Chloride with Water, 
and with Anions, as Substituting Agents in Formic Acid Solution. 


By Lestige C. BATEMAN and Epwarp D. HuGHEs. 


In a previous paper (J., 1937, 1187) we recorded that the rate of reaction of éert.- 
butyl chloride with water in formic acid as solvent was of the first order and independent 
of the water concentration; we concluded that the reaction was unimolecular. The 
main products were tert.-butyl alcohol and (under some conditions) isobutylene. Our 
conclusion was challenged by Taylor (ibid., p. 1852) on the ground that he had isolated 
tert.-butyl formate “ from Kahlbaum’s formic acid and ¢ert.-butyl chloride at room 
temperature.” He implied that this ester was in our experiments the main product, 
which we had overlooked through faulty experimental technique. 

We have re-examined our technique and found that it is correct: we show that 
tert.-butyl formate cannot be isolated in quantity simply from Kahlbaum’s formic acid 
and tert.-butyl chloride at room temperature. In fact, Taylor did not do it in this way, 
but added an enormous excess of the soluble salt, calcium formate, which we show to be 
the responsible reagent. Likewise, by adding calcium chloroacetate, we obtain #ert.- 
butyl chloroacetate. We show, however, that these salts form their characteristic 
products without an increase of the total reaction rate, so that even these substitutions 
are unimolecular, the anions intervening only after the rate-controlling ionisation of 
the alkyl halide. In the absence of added salts, éert.-butyl formate, of which 19% 
should be present according to Taylor, is actually not formed in more than traces, that 
can adequately be accounted for by the demonstrated direct esterification of tert.-butyl 
alcohol with formic acid. 

Taylor’s own explanation of the invariance of rate with water concentration assumes 
that water and formic acid have equal reactivity in bimolecular attack on ¢ert.-butyl 
chloride. We show on both general and specific grounds that the reactivity of the 
latter is negligible in comparison with that of the former (cf. the following paper). 
Thus we confirm our previous conclusions in every detail. 


TayLor having disagreed with our previous conclusions (J., 1937, 1187) concerning the 
aqueous hydrolysis of ¢ert.-butyl chloride in formic acid as solvent (paper 4; references, 
this vol., p. 900), we shall here summarise the evidence adduced by both parties, and also 
submit new evidence. 


(i) Our Previous Evidence and Interpretation. 


Our previous experimental findings were as follows; (a) Kinetic study showed that the 
tate of development of chloride ions from #ert.-butyl chloride in “ anhydrous ” formic acid 
and in formic acid containing various proportions up to 10% of added water is practically 
constant. (b) The main organic product in aqueous media is fert.-butyl alcohol, although 
a second reaction, significant in the most nearly anhydrous solvents, leads to isobutylene ; 
furthermore, a doubtful trace (too small for certain identification) of tert.-butyl formate is 

3B 
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produced. (c) The reactions are reversible, and, in contrast to the forward reactions, 
the rates of the reverse reactions are reduced by added water. 

By way of discussion it was stated: ‘‘ We interpret these results as follows. The 
rate-determining process in all the media examined is the same, viz., the ionisation of ¢ert.- 
butyl chloride. The ionising medium for the halide is primarily the formic acid and not 
the water, and hence the velocity of ionisation is not appreciably changed by increasing 
the concentration of water within the experimental limits. The fate of the éert.-butyl 
cation depends, however, on the conditions. It may eliminate a proton with the formation 
of isobutylene. If water is present, it will largely or exclusively undergo the more facile 
reaction with a water molecule to produce ¢ert.-butyl alcohol. The formation of ¢ert.- 
butyl formate by reaction with formic acid cannot be excluded. But none of these 
sequale affects the rate of formation of chloride ions, which is determined solely by the 
rate of electrolytic dissociation of the alkyl halide.” Concerning the retrograde reactions 
our interpretation was as follows: ‘‘ The solvated form of hydrogen chloride, (H,O)*CI-, is 
comparatively inactive in additions to olefins and reactions with alcohols; and hence 
the rates of the retrograde reactions are strongly affected ’’ (t.e., reduced) ‘“‘ by water 
solvation of the hydrogen chloride.” 


(ii) Taylor’s Evidence and Interpretation. 


In considering Taylor’s evidence it is necessary to distinguish between what he states 
to be “ fact”’ in discussion and his experimental record. His opening statement runs 
thus: “The interpretation offered by Bateman and Hughes . . . is shown to be inadequate, 
since they did not take into account the formation of ¢ert.-butyl formate. An alternative 
explanation of their kinetic results is based on this fact, viz., that tert.-butyl chloride reacts 
with formic acid to give ¢ert.-butyl formate.” It is clearly implied here that the chloride 
and formic acid interact to give tert.-butyl formate under the conditions of our kinetic experi- 
ments: the statement would be meaningless otherwise. It is implied, furthermore, that 
the tert.-butyl formate is produced under these conditions, not merely in traces as we had 
suggested, or in the way. we did take into account as the previous paragraph shows, but as 
the principal reaction product, which, as Taylor later suggests, we ought to have isolated 
in quantity instead of ¢ert.-butyl alcohol. Taylor claims that he has isolated ¢ert.-butyl 
formate ‘‘ from Kahlbaum’s formic acid and ¢ert.-butyl chloride at room temperature.” 

This apparently simple “‘ fact” appears, however, in the later part of Taylor’s paper 
to be actually the result of an uncertain argument based on a not strictly relevant experi- 
ment. It is first stated (also as fact) that there is a balanced process Bu’Cl + H-CO,H == 
H-CO,Bu” + HCl which normally proceeds to the extent of 19% towards the right. 
(All this is assumption, the figure 19% being based, apparently, on Taylor’s own interpre- 
tation of one of our kinetic observations.) Next it appears that, for the purpose of isolating 
tert.-butyl formate, this ‘“ equilibrium ’”’ was ‘‘ pushed over to the right by having 
present an excess of powdered calcium formate ”’ (in order to remove hydrogen chloride). 
Only by comparing the experimental particulars with the solubility of calcium formate 
(which Taylor does not give) can it be discovered that the actual reagent by which, according 
to his description, he produced ¢ert.-butyl formate from ¢ert.-butyl chloride was, not formic 
acid, but a 0-3n-solution of calcium formate in formic acid containing a large excess (66 g. 
in 200 c.c.) of suspended calcium formate. The evidence that, even under these conditions, 
Taylor isolated the pure ester is not free from ambiguity, since he records as its molecular 
weight, obtained by quantitative saponification, ‘‘ M, 113-7 (Calc.: 114).” This excellent 
agreement is difficult to understand, as the molecular formula of ¢ert.-butyl formate is, 
not C,H,,0, (M, 114), but C;H,,O, (M, 102). The isolation of ¢ert.-butyl formate is 
considered in section (iii) (a) and the mode of action of calcium formate in section (iii) (b). 

Taylor’s explanation of the fact that in our experiments (in which, of course, no calcium 
formate was employed) ¢ert.-buty] alcohol rather than ¢ert.-butyl formate was isolated, is 
that the ester is very rapidly hydrolysed: “It is mainly to this ease of hydrolysis that 
Bateman and Hughes’s failure to isolate the ester must be attributed, for in order to extract 
the end-products they added water to the reaction mixture before adding the organic 
solvent, ether or carbon tetrachloride’ (Taylor added the organic solvent before the 
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water). We shall show later that ¢ert.-butyl formate can easily be isolated when present 
(and, according to Taylor’s reasoning, 19% is present, without calcium formate), whatever 
the order of the addition. 

Taylor’s alternative explanation of our finding that the rate of hydrolysis of ¢ert.- 
butyl chloride is independent of water concentration is that a main bimolecular reaction 
(I) is “ probably ” partly replaced when water is present by a bimolecular reaction (II) of 
approximately equal rate, the total rate being therefore independent of the water 
concentration : 

Bu’Cl + H-CO,H —> H-CO,Bu”+ HCl . ... . (I) 

Bu’Cl + H,O —> Bu’OH + HCl Gri, oy, ae Ye 


His argument is that the comparable reactivities of water and formic acid in these 
bimolecular substitutions are indicated by the rough equality between our constant rate in 
aqueous formic acid and the rate of reaction of ¢ert.-butyl chloride with 50% aqueous 
ethyl alcohol (Hughes, J., 1935, 255). We do not understand this reasoning; in particular 
we fail to see the special relevance of the comparison with 50% aqueous alcohol, or even 
with aqueous alcohol at all. We shall see in section (iii) (c) andin the following paper whether 
or not formic acid and water are equally active in nucleophilic bimolecular substitutions. 


(iti) New Evidence and Conclusions. 


(a) The Formation and Significance of tert.-Butyl Formate.—We have repeated and 
extended our previous experiments, and also Taylor’s on the isolation of this ester. We 
find that his criticism of our extraction method is unwarranted. Provided the elementary 
precaution is taken of doing the extraction quickly with cooled solutions, it matters not 
in what order the solvents are added. Even if these precautions are omitted—if the 
addition of water is carried out at room temperature, and the subsequent extraction with 
ether is performed at leisure—there is no difficulty in isolating the ester when present, 
though the yield may be slightly impaired. From solutions equivalent to those obtained 
at the end of our formerly published kinetic runs, and by employing both methods of 
isolation, we again found traces, too small for certain identification, of liquid which probably 
contained ¢ert.-butyl formate. . From solutions to which much calcium formate had been 
added as in Taylor’s description, we isolated (by both methods), approximately in his 
yield, tert-butyl formate (of the correct composition and molecular weight). Taylor’s 
phraseology implies that he had established the truth of his explanation of why ¢ert.- 
butyl formate did not appear in quantity in our isolation experiments, but it now appears 
that his statement was an incorrect guess, and that he had really carried out no direct tests 
at all. 

In case the same significance should be claimed for the probable trace of ester as Taylor 
applied to the 25% produced in the presence of calcium formate, viz., that it can arise only 
by direct action of tert.-butyl chloride on formic acid, we have now verified the anticipated 
interaction of ¢ert.-butyl alcohol with formic acid, which Taylor disregarded. It follows 
from our previous considerations that, starting either with ¢ert.-butyl chloride, or with 
equivalent quantities of ¢ert.-butyl alcohol and hydrogen chloride, the main substances 
present (in an analytical sense) in the moist formic acid solvent after a length of time 
sufficient for the completion of a corresponding kinetic run are those of the equilibrium 


Bu’Cl + H,O == Bu’OH + HCl 


In these new experiments we started with the alcohol, but left out the hydrogen chloride, 
and after an appropriate length of time isolated about 22%, of tert.-butyl formate. This 
shows that the probable trace obtained in the presence of hydrogen chloride, or alternatively 
when the starting point is ¢ert.-butyl chloride, could have been formed by the esterification 
of tert-butyl alcohol: it is not necessary to assume that it is formed directly from tert.- 
butyl chloride and formic acid. Of course, esterification being reversible, the same argu- 
ment applies the other way round: all we can say on the basis of isolation experiments 
is that the main product into which éert.-butyl chloride is converted (directly or indirectly) 
is tert-butyl alcohol. In relation to the question of what is the substituting agent (water 
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or formic acid), and to that of the mechanism of its interaction with ¢ert.-butyl chloride, 
isolation experiments alone are, therefore, indecisive; evidence of a different type is 
considered in the sequel and in the following paper. 

(b) The Mode of Action of Calcium Formate and the Action of Calcium Chloroacetate.— 
Although the removal of hydrogen chloride from the balanced action formulated above 
must promote the production of ¢ert.-butyl alcohol, and, therefore, in accordance with the 
experiments just described, its esterification to tert.-butyl formate, there is no doubt 
that the mode of action of calcium formate in Taylor’s experiment is both more 
profound and more direct than that of a mere absorbent of hydrogen chloride. In order 
to show this we have investigated the behaviour of calcium chloroacetate with ¢ert.- 
butyl chloride in formic acid. This salt was chosen, first, because its solubility in 
formic acid is comparable with that of calcium formate; and, secondly, because 
chloroacetic acid is so much stronger than formic acid that we may expect the chloro- 
acetate ion to remain essentially stable in formic acid solution. We find that much of 
the ester which in Taylor’s experiment was tert.-butyl formate appears in this parallel 
experiment as fert.-butyl chloroacetate. We have also shown that the latter does 
not arise from tert.-butyl alcohol, formic acid and calcium chloroacetate. This seems to us 
definite evidence of interaction between the added salt and ¢ert.-butyl chloride, because the 
only way of explaining the formation of ¢ert.-butyl chloroacetate on Taylor’s scheme of 
bimolecular interaction between ¢ert.-butyl chloride and an undissociated acid would 
involve the improbable double assumption that the anion of the stronger acid becomes 
replaced by that of the weaker, and that the undissociated form of the stronger acid is a 
more powerful reagent in bimolecular nucleophilic substitution than that of the weaker 
acid. A part of the total ester isolated in the presence of calcium chloroacetate consists 
of tert.-butyl formate, and the most natural explanation is that it is formed through the 
expected increase of direct esterification of tert.-butyl alcohol; for we have already noted 
that when hydrogen chloride, and any substance that could yield it, are completely removed, 
then the main reaction undergone by #ert.-butyl alcohol is esterification with the formic 
acid. , 

Direct interaction between a formate or chloroacetate ion and ¢ert.-butyl chloride 
could be unimolecular, bimolecular, or, under Taylor’s conditions, which involve the 
presence of a very large excess of suspended salt, heterogeneous. In the last two cases 
the addition of the salt should produce an increase in the reaction rate. We have studied 
the kinetics of the reactions taking place in the presence of an excess of suspended salt, and 
find that there is no increase of rate, but in both cases a small decrease. We have also 
examined the effect of a 0-1N-concentration of calcium formate (homogeneous) and find 
a rate constant in good agreement with our previous result in the absence of added salt. 
The decrease in rate is therefore associated with the presence of undissolved salt, and 
may be due to the temporary removal of part of the ¢ert.-butyl chloride by adsorption on the 
saline surface. We conclude that the reaction with formate or chloroacetate ions, as with 
water molecules, is unimolecular, the salts intervening after the reaction-stage which 
fixes the rate : 

Bu’Cl —-> Bu”t + Cl~ (slow) 
Bu’t + H,O —> Bu’OH + Ht fast)* 
But + R-CO,- —> R-CO,Bur fast) 


If this is so, the conclusion that the solvolytic process is also unimolecular is almost 
inescapable, because water must be a much weaker reagent in bimolecular nucleophilic 
substitution than the formate ion, and formic acid enormously weaker still (next sub- 
section). The argument is just the same as that which has been based on the failure of 
sodium hydroxide to increase the hydrolysis rate in aqueous solvents. 

(c) Activity of Formic Acid and Water in Bimolecular Substitution.—As has been 
indicated on numerous occasions, the activity of undissociated carboxylic acids in 

* Calculation shows (cf. this vol., p. 979) that, under the conditions of our experiments in homo- 


geneous solution, the “ionic strength effect’ of calcium formate is probably within the limits of 
precision of the measurements. 
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the bimolecular substitution reactions of alkyl halides must be small in comparison with 
that of water. Independently of general chemical theory, the point has been clearly 
established in the work of the late Professor Dawson. For example, Brooke and Dawson 
(J., 1936, 497) wrote down the ten possible reactions that might (without the guidance of 
theory) be supposed to contribute to the displacement of bromine in the aqueous hydrolysis 
of bromoacetic acid (either as acid or anion); and they showed experimentally that, of 
these ten, six had finite rates, including the reactions in which the water molecule was the 
substituting agent, and four had zero rates. These four were just those in which the 
assumed reagents were undissociated carboxylic acids. This, and indeed much more wide- 
spread, evidence of specificity in reagents is neglected by Taylor when he assumes that 
molecular formic acid and water have nearly equal activity in what he regards as similar 
bimolecular substitutions. In the following paper this assumption is subjected to a further 
experimental test. 

(d) Conclusions.—Having regard to the additional evidence described in section (iii) 
of this paper, we have no desire to change anything in our previous conclusions, which 
are quoted in full in section (i) (p. 935). 


EXPERIMENTAL. 


(1) Reaction of tert.-Butyl Chloride with Wet Formic Acid and Calcium Formate.—(A) 
Products. (a) From a repetition of Taylor’s experiment (loc. cit.) we obtained a 25% yield of 
tert.-butyl formate of the correct composition and molecular weight [Found: C, 59-4; H, 
9-9; M (by quantitative saponification), 103-1. Calc. for C;H,,0,: C, 58-8; H, 98%; M, 
102}. 

(b) The reaction with calcium formate was again repeated, but the isolation technique was 
changed. The mixture was now diluted with water (600 c.c.) and then extracted with ether 
(250 c.c. and 25 c.c.). The ethereal extract, after washing, etc., gave a 20% yield of terj.-butyl 
formate (Found: C, 59-4; H, 9-8%). In this illustrative experiment no special precautions 
were taken, the dilution and extraction processes being carried out at room temperature. 

(B) Rate measurements. (a) For the reaction in the presence of an excess of suspended salt, 
finely powdered calcium formate (35 g.) and ¢ert.-butyl chloride (2 c.c.) were made up to 100 
c.c. at 15-00° + 0-02° with ‘‘ Kahlbaum ” formic acid. At suitable intervals 5 c.c. portions 
were removed, and the chloride-ion concentration determined as previously described (Bateman 
and Hughes, loc. cit.). The results are in Table I, where a is the initial concentration of the 
organic halide, * and x, ate the concentration of hydrogen chloride after ¢ seconds and after 
large times respectively (all expressed as equivalent c.c. of 0-100Nn-silver nitrate per 5c.c. sample), 

' and Rk, (sec.-*) is the first-order rate constant, calculated as before. 
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TABLE I. 
a = 10-09, x,, = 9-16. 

B screcsocscensaccsssesecs BaD 258 456 666 1002 3012 5034 
H sscceccosccgevnscesbicss. . aD 0-75 1-18 1-61 2-35 | 5-60 7-33 
i er 299 2-73 2-61 2-65 , * 2-69 2-77 

(b) The homogeneous reaction ([calcium formate] = 0-101N) was carried out similarly. 
The results are in Table II, where the previous definitions of quantities apply, except that the 
concentrations are now expressed as equivalent c.c. of 0-1024n-silver nitrate per 5 c.c. sample. 


TABLE II. 
a = 8-30, +, = 4-67. 

soe bee seetecvenssecscescecs 156 288 492 750 1032 1620 2400 
B .cosaspooarsecegoccaccceces _ , OWE 0-87 1-37 1-92 2-47 3-38 4-09 
BN, * emsccnepeascegecespes = OUT 3-87 3-72 3-63 3-65 3-77 3-93 

(2) Reaction of tert.-Butyl Chloride with Aqueous Formic Acid.—We have repeated and 
extended our previous experiments on the isolation of fert.-butyl formate under the conditions 
of our kinetic measurements. In particular we applied the method of isolation which Taylor 
employed in his experiment with calcium formate, and obtained, after fractionation of the 
ether, traces of liquid, b. p. > 62°, which probably contained the ester. 
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(3) Reaction of tert.-Butyl Alcohol with Wet Formic Acid.—tert.-Butyl alcohol (19 g.) and 
“ Kahlbaum ”’ formic acid (200 c.c.) were left for 1 day at room temperature. Ether was then 
added and the solution was washed with water, dried, and distilled. A fraction (16 g.), b. p. 
78—82°, was redistilled and gave 5-8 g. (22%) of pure /ert.-butyl formate, b. p. 82°/760 mm. 
(Found : C, 59-2; H, 10:1%; M, 102-4). 

(4) Reaction of tert.-Butyl Chloride with Wet Formic Acid and Calcium Chloroacetate,—(A) 
Products. tert.-Butyl chloride (24 g.), anhydrouscalcium chloroacetate (124g.), and “‘ Kahlbaum”’ 
formic acid (200 c.c.) were kept at room temperature for 2 days. Fractionation of an ethereal 
extract, obtained as above [section (3)], gave three crude fractions: (1) b. p. 40—75° (1 g.), 
(2) b. p. 75—83° (6 g.), (3) b. p. > 83° (4 g.). Redistillation of (2) gave: (2a) b. p. 76—81° 
(1-5 g.), (2b) b. p. 81—82° (3 g.) (Found: C, 59-2; H, 10-2%), (2c) b. p. > 82° (ca. 1 g.). 
Redistillation of (2c) and (3) gave: (3a) b. p. 82—150° (1 g.), (3b) b. p. 150°/760 mm. (3 g.) 
(Found: C, 47-8; H, 7-1. Calc. for CgH,,0,Cl: C, 47-8; H,°7-3%). 

(B) Rate measurements. A reaction mixture (100 c.c.), containing 30 g. of anhydrous 
calcium chloroacetate, was made up as described in section (1) (B), and the reaction was followed 
as before. In this case there was a slight complication due to the slow removal of chloride ion 
from calcium chloroacetate in formic acid. The rate of this reaction was determined separately 
and a small correction was applied to the results of the experiments with éert.-butyl chloride. 
In Table III, a and * have their previous significance [section (1) (B)], and are expressed 
in equivalent c.c. of 0-100n-silver nitrate per 5 c.c. sample. Owing to the above-mentioned 
disturbance, x, could not be determined accurately, and the constants (k,, sec.-!) were therefore 
calculated from the equation for a simple first-order reaction, k, = (1/t)log,{a/(a — x)}. 


TABLE III. 


a = 7-07. 
O i ndadindiliteceineinindéstintgeits 378 870 1500 2340 3360 4860 
S. xeriedinctarasiaccsiattance:, ee 1-09 1-73 2-54 3-44 4-26 
ills. ‘ntisinledbenconaambancens 2a 1-92 1-87 1-90 1-99 1-90 


(5) Reaction of tert.-Butyl Alcohol with Wet Formic Acid and Calcium Chloroacetate.—tert.- 
Butyl alcohol (19 g.), ‘‘ Kahlbaum ”’ formic acid (200 c.c.), and calcium chloroacetate (42 g.) 
were left for 1 day at room temperature. The usual methods of separation gave 4 g. of tert.- 
butyl formate, but no ¢ert.-butyl chloroacetate could be isolated. 


Str WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
UNIVERSITY COLLEGE, Lonpon, W.C. 1. [Received, April 18th, 1940.] 





180. Mechanism of Substitution at a Saturated Carbon Atom. Part XV. 
Unimolecular and Bimolecular Substitutions of n-Butyl Bromide with 


Water, and with Anions, as Substituting Agents in Formic Acid 
Solution. 
By LesitieE C. BATEMAN and Epwarp D. HUGHEs. 


This investigation on n-butyl bromide was carried out as a control on our study of 
tert.-butyl chloride (preceding paper). It had already been concluded (p. 925) that, 
whilst in ionising media the solvolytic reactions of tertiary halides are essentially uni- 
molecular, those of primary halides are at least partly (predominantly in some solvents) 
bimolecular. We have now found that, in contrast to the invariance, with changing 
water concentration, of the rate of reaction of éert.-butyl chloride in formic acid 
containing water, the rate for u-butyl bromide increases linearly with the water 
concentration. Clearly there is a difference of mechanism, the former reaction being 
unimolecular, and the latter largely bimolecular. There is, in the case of n-butyl 
bromide, probably some accompanying unimolecular reaction also, but this is extremely 
slow in comparison with the corresponding reaction of éert.-butyl chloride (factor 
~10*, equivalent to a factor of ~10® for identical halogen atoms). 

Similarly, added formate ions, which intervened in the reaction of tert.-butyl chloride 
to produce fert.-butyl formate without increasing the total rate, intervene in the reaction 
of n-butyl bromide with a strong acceleration of the rate. Evidently the intervention, 
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which in the former case was unimolecular, the formate ion attacking the carbonium 
ion only after the rate-determining ionisation, is in the latter case largely bimolecular, 
the attack being on the alkyl halide molecule, and making, therefore, an additive 
contribution to the total rate of its destruction. 

These results and others, obtained in a case in which a bimolecular mechanism is 
agreed to be at work, show the incorrectness of Taylor’s suggestion that water and 
formic acid are about equally reactive in bimolecular substitution, and of his claim 
that calcium formate is not a direct reagent for the production of formic esters. 


OuR investigation (J., 1937, 1187; preceding paper) on the hydrolysis, and other sub- 
stitutions, of ¢ert.-butyl chloride in formic acid seemed to us to create a demand for a parallel 
investigation of a n-alkyl halide. The project was in any case a natural extension of our 
exposure of Taylor’s treatment of the problem of the reactions of the tertiary halide, since 
nothing could show up more effectively than a control research of the kind indicated the 
strength or weakness of any treatment. 

Tertiary and primary halides are each typical of a class, in that, in general, the uni- 
molecular mechanism predominates in the solvolytic reactions of the former and the bimole- 
cular in those of the latter. Thus in an accompanying paper (this vol., p. 925) it is concluded 
that the reaction of tert.-butyl bromide w'th aqueous alcohol is exclusively unimolecular, 
whereas that of ethyl bromide is largely, but perhaps not wholly, bimolecular. A similar 
distinction of mechanism might be expected to apply to the reaction in formic acid, and in 
this case added water should produce acceleration in the hydrolysis of the primary halide, 
although it does not disturb the reaction rate of the tertiary halide. On the other hand, 
Taylor’s explanation of the latter phenomenon as due to the closely similar reactivities of 
water and formic acid, in analogous bimolecular substitutions, would be shown by such an 
observation to fail in its direct application to a case in which a bimolecular mechanism is 
agreed to be at work. 

Furthermore, Taylor’s argument that water and formic acid had similar reactivities in 
their bimolecular substitution because the rates of hydrolysis of tert.-butyl chloride in formic 
acid and 50% aqueous alcohol were of the same order of magnitude could be tested by 
application to the admittedly bimolecular substitutions of the primary halide. Contrary 
to Taylor we envisaged a difference of mechanism with the result that, as there happens 
to be rough equality of rates for the one halide in the two solvents, there should not be for 
the other halide, because the solvent influence on the two mechanisms is different. 

We chose for study n-butyl bromide rather than a methyl or ethyl halide because we 
anticipated slow reactions necessitating a fairly high temperature. Furthermore, the 
products were more conveniently isolated than they would have been with a lower halide. 

Measurements have been made at 100° in “‘ Kahlbaum ”’ formic acid, which contains 
about 0-5% of water, and in aqueous mixtures containing up to 10% of added water. As 
will be seen from the right-hand side of Fig. 1, the rates increase sharply and approximately 
linearly with the water concentration, in marked contrast with the behaviour of the 
tertiary halide, which is illustrated for comparison on the left. It is our provisional 
opinion * that the residual rate for the primary halide at low water concentration is due 
largely to a unimolecular reaction which is (as it should be) exceedingly slow in comparison 
with the corresponding reaction of the tertiary compound, viz., about 200 times slower at a 
temperature 85° higher, the factor of difference at equal temperatures being probably of the 
order of 10°. Qur comparison is, of course, between n-butyl bromide and ¢ert.-butyl 
chloride, but bromides are more reactive than chlorides, and hence the difference of rate 
between, for example, the primary and the tertiary chloride would be even larger. Con- 
cerning the linear increase of rate, Taylor will no doubt agree with us that it represents a 


* An alternative explanation would be that the residual rate is due to a bimolecular reaction with 
formic acid in one of its various modifications. A study of the effect produced by extraneous formate 
ions, however, eliminates the ionised form of the acid (in its equilibrium concentration) from serious 
consideration, and the work of Dawson (cf. preceding paper) makes it improbable that the undissociated 
form has any appreciable influence in bimolecular substitution. Valuable confirmation of the inter- 
pretation adopted is provided by the work described in the following paper. 
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bimolecular reaction ; nevertheless, there is no question of equal activity between water and 
formic acid as reagents. 

A study of the reaction products in “‘ Kahlbaum ” formic acid showed the presence of 
n-butyl alcohol, n-butyl formate and olefin, although the amount of olefin formed was 
negligible, in agreement with previous observations relating to the hydrolysis of primary 
halides (cf. this vol., p. 899). No special significance can be attached to the production of the 
formate, for we have isolated it from n-butyl alcohol and formic acid under the conditions 
obtaining in the hydrolysis experiments (cf. preceding paper). The production of olefin 
is trivial also when the solvent is ‘‘ Kahlbaum ”’ formic acid with 10% of added water. 

We can obtain a further check on these conclusions. If water participates in a bimole- 
cular reaction with n-butyl bromide, formate ions must do so too, because formate ions are 
more strongly nucleophilic than water molecules. In the case of tert.-butyl chloride we 
found that calcium formate in homogeneous solution had a negligible effect on the rate. If 


Fie. 1. 
Effect of Water Concentration on Rate of Hydrolysis of a Tertiary and a Primary Halide in Formic Acid. 
(Note temperature and scale difference.) 


tert.-BuCl at 15° 51 n-BuBbr at 700° 





0 














—— ’ * ob 
KT 2 5 Whtyot "7 2 5 W%H,0* 
* For n-butyl bromide the initial rates are calculated formally as first-order constants for com- 
parison with the first-order constants of ¢ert.-butyl chloride. In both diagrams A, is in sec.-. 
+ The aqueous mixtures were made up from ‘‘ Kahlbaum ” formic acid (cf. experimental section). 


the mechanism for n-butyl bromide is different and, in particular, if any considerable part 
of the reaction is bimolecular, then we should observe a marked increase of rate due to the 
gteater nucleophilic activity of formate ion than of water. Using calcium formate, we found 
a strong effect of this kind: a 0-1N-concentration of the salt increased the rate as much as 
an extra 1-7m-concentration of water would have done. The amount of olefin formed 
under these conditions remained insignificant. 

Finally, in the case of n-butyl bromide we do not find even an approximate equality of 
rates in 50% aqueous ethyl alcohol and in “‘ Kahlbaum ” formic acid—the first-order rate 
constant is forty times larger in the former medium. This is, again, in marked contrast 
with the behaviour of tert.-butyl chloride, for which the constant in the alcohol solvent is 
nearly four times smaller than that in formic acid. With both halidessthe hydrolysis in 
aqueous alcohol is accompanied by alcoholysis and the measured rate includes both, a 
circumstance’ which still further invalidates Taylor’s choice of the 50% mixture for the 
purpose of assessing the activity of water in comparison with that of formic acid in bimole- 
cular substitution. 

From our point of view, the experiments with n-butyl bromide form -n exceedingly 
satisfactory control on the conclusions which we drew in 1937 relating to the reaction of 
tert.-butyl chloride. 

EXPERIMENTAL. 

(1) Reaction of n-Butyl Bromide with Aqueous Fbrmic Acid.—(A) Rate measuremenis. Owing 

to the slow reaction of the primary halide, and to the development of considerable pressure in 
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the tubes after long heating, we have not yet determined the composition at equilibrium from 
kinetic data, but we have been able to measure initial rates quite accurately. Measurements 
were carried out in ‘‘ Kahlbaum ”’ formic acid and in “ 5% ” and ‘‘ 10% ” aqueous solutions 
(cf. Bateman and Hughes, J., 1937, 1187). The method was as follows: A known quantity of 
n-butyl bromide was dissolved in the medium, and the solution made up to 100 c.c. at room 
temperature. Portions of 5 c.c. were enclosed in sealed tubes, which were then heated for a 
known time at 100°, cooled in solid carbon dioxide—alcohol, and broken under 75 c.c. of carbon 
tetrachloride, and the contents estimated by the method previously adopted for the tertiary 
halide (Bateman and Hughes, loc. cit.). The results, together with those of an experiment with 
added calcium formate (cf. below), are in Table I, where a is the initial concentration of »-butyl 
bromide, * the concentration of hydrogen bromide after ¢ hours (both expressed in equivalent 
c.c. of 0-0294N-silver nitrate per 5 c.c. sample), and k,(sec.-*) is the formal first-order rate constant, 
(1/Alogea /(a — x). 

TABLE I. 


Development of Bromide Ion from n-Butyl Bromide in Formic Acid at 100°. 
(a = 14-50 throughout.) 


“ Kahlbaum ” formic ‘ Kahlbaum” + “5%” ‘‘ Kahlbaum” + “10%” ‘‘ Kahlbaum ” formic 
acid. H,0. 20. acid 
t. * 10®%,. é. %. 108R,. zt. #. 10®R,. +0-101N-calcium 
375 0-43 2-25 20 0-33 3-22 50 1:26 5-05 formate. 
6-0 O72 2-35 40 068 3-33 97 199 4-22 t x 10%, 
93 103 2-20 66 1:06 3-66 15-0 2-97 4-26 2-75 043 3-08 
13-5 165 2-49 95 155 331 200 401 4-50 5-0 0-73 2-86 
175 206 2-44 145 2-36 3-41 270 516 453 7-0 lll 316 
200 231 “2-41 19-5 3-12 3-44 32-75 590 4-44 9-0 1:28 2-86 
23-25 2-67 2-48 23-5 358 336 440 735 447 Mean 2-99 
Mean 2-37 Mean 3-39 633 924 4-44 
Mean 4-49 


(B) Reaction products. (a) n-Butyl alcohol and n-butyl formate. n-Butyl bromide (48 g.) 
and ‘‘ Kahlbaum ”’ formic acid (400 c.c.) were refluxed for 28 days and cooled in ice, ether 
(200 c.c.) and then water (800 c.c.) added, and the mixture shaken. The aqueous layer was 
extracted with ether (ca. 30 c.c.), and the combined ethereal extracts were washed (4—65 times) 
with water (300 c.c.) until the washings were substantially free from formic acid. Distillation 
of the dried ethereal portion gave a fraction, b. p. 103—106°, which when redistilled gave 5-3 g. 
(15%) of pure n-butyl formate, b. p. 104-5—105-5°/750 mm. (Found: C, 58-2; H, 9-7. Cale. : 
C, 58-8; H, 98%). The aqueous portion was neutralised with sodium carbonate, saturated 
with sodium chloride, and extracted thrice with ether (total, ca. 250c.c.). Distillation of the dried 
extract gave ca. 1-5 g., b. p. 114°, of slightly impure n-butyl alcohol (Found: C, 63-1; H, 13-6. 
Calc.: C, 64-9; H, 13-5%). This was treated with p-nitrobenzoyl chloride and the p-nitro- 
benzoate was crystallised from light petroleum (m. p. and mixed m. p. 35-5°) (Found: C, 59-7; 
H, 5-9. Calc.: C, 59-2; H, 5-8%). 

The isolation of these products is, of course, far from complete. We did not attempt to 
develop a quantitative separation, because no special significance can be attached to the results 
on account of the esterification of n-butyl alcohol [cf. section (3)]. The amount of n-butyl 
formate formed under the strict conditions of our kinetic experiments is probably considerably 
less than that which is formed in the isolation experiments, because the latter were conducted in 
open vessels and were accompanied by the partial loss of hydrogen bromide, a circumstance 
which increases the final yield of ester (cf. preceding paper). It is noteworthy that the quantity 
of formate is increased by the presence of calcium formate [section (2) (B)] and that an even 
better yield is easily obtainable from n-butyl alcohol and formic acid in the complete absence of 
hydrogen bromide [section (3)]. 

(b) Olefin. We employed an aspiration method similar in its essential features to that 
previously described (this vol., p. 901). The reaction mixture was kept at 100° in a flask con- 
nected to a long vertical condenser, and the volatile products were swept in a slow current of air 
through a trap at 0° and two bubbling tubes containing a standard solution of bromine in methyl- 
ene chloride. The second tube was kept at —78°, and a trap containing aqueous potassium 
iodide was placed at the end of the gastrain. After about 50 hours’ heating, the experiment was 
discontinued, the absorption tubes were allowed to attain room temperature, and the remaining 
bromine was finally estimated by the usual method. Since the hydrolysis was generally 
incomplete under these conditions, it was also necessary to estimate the amount of unchanged 
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halide. The combined contents of the flask and the first trap (free from olefin) were, therefore, 
extracted with ether, and, after washing and distillation of the ether, the »-butyl bromide was 
completely hydrolysed with hot aqueous alcoholic potassium hydroxide and estimated by 
Volhard titrations. The results were in substantial agreement with estimations based on 
kinetic data obtained as described in section (1) (A). Estimations were carried out in ‘ Kahl- 
baum ”’ formic acid, in 10% water in formic acid, and in ‘‘ Kahlbaum ”’ formic acid containing 
calcium formate; the amount of unsaturated material thus indicated was always less than 2% 
of the total decomposition. 

(2) Reaction of n-Butyl Bromide with Wet Formic Acid and Calcium Formate.—(A) Rate 
measurements. Powdered calcium formate and n-butyl bromide were made up to 100 c.c. with 
“‘ Kahlbaum ” formic acid ([calcium formate] = 0-101N), and the reaction followed as described 
above [section (1) (A)]. The results are in Table I. 

(B) Reaction products. n-Butyl bromide (48 g.), anhydrous calcium formate (70 g.), and 
“ Kahlbaum ” formic acid (400 c.c.) were refluxed for 28 days. Fractionation of an ethereal 
extract, obtained as previously described [section (1) (B)], gave 7-8 g. (22%) of n-butyl formate 
(Found : C, 59-0; H,9-9%). The aqueous portion was not examined. Olefin estimations were 
carried out with the results indicated in section (1) (B). 

(3) Reaction of n-Butyl Alcohol with Wet Formic Acid.—n-Buty]l alcohol (26 g.) and ‘‘ Kahl- 
baum ”’ formic acid (400 c.c.) were refluxed for 24 hours. Ether was added, and the solution 
washed with water, dried, and distilled. A fraction, b. p. 104—106°, was redistilled and gave 
18 g. (50%) of pure n-butyl formate, b. p. 105-5—106°/760 mm. (Found: C, 59-0; H, 9-9%). 
The formate was also obtained in 25% yield when the alcohol (9-6 g.) was mixed with formic acid 
(400 c.c.) and left for only 15 minutes at room temperature. 

(4) Reaction of n-Butyl Bromide with 50% Aqueous Ethyl Alcohol.—({A) Rate measurements. 
A known quantity of n-butyl bromide was dissolved in the medium, and the solution made up to 
100 c.c. at room temperature. Aliquot portions were enclosed in sealed tubes. Each tube was 
shaken vigorously in the thermostat at 100° for 1 minute, left at this temperature for known 
times, quenched rapidly, and broken under 100 c.c. of absolute alcohol. The acidity was 
titrated against standard alkali with lacmoid as indicator. An ‘“‘ initial ’’ estimation was made on 
a sample which had been shaken in the thermostat for 1 minute and immediately quenched. 
The results are in Table II, where ¢ is the time in minutes, a — x the concentration of n-butyl! 
bromide, expressed in c.c. of 0-0490N-alkali per 5 c.c. of solution, and k, the first-order rate 
constant in sec.-!. 


TABLE II. 


15 30 50 75 105 145 180 235 295 355 
780 7:27 643 569 4-91 3-82 3:25 2-44 1-67 1-16 
928 965 915 889 932 900 897 925 9-40 


. (B) Isolation of n-butyl ethyl ether. n-Butyl bromide (32 g.) and 50% aqueous ethyl alcohol 
(500 c.c.) were refluxed in an all-glass apparatus. Frequent and exact neutralisation (phenol- 
phthalein) of the mixture was effected by cautious addition of a concentrated solution of sodium 
hydroxide in a medium of the same composition. After completion of the reaction, the mixture 
(vol., 600 c.c.) was diluted with water (400 c.c.) and distilled with an 8-pear column to give the 
following fractions: (la) 10-5 c.c., b. p. 72—75°; (1b) 8c.c., b. p. 75—78-8°; (lc) 20c.c., b. p. 
78-8—80-8°; (ld) 25c.c., b. p. 80-8—81°. With water (la), (1b), and (Ic) gave an upper layer, 
which was washed with water, but (1d) gave no separation of layers. The aqueous portions and 
washings from (la), (1b), and (Ic) were combined, diluted-with water, and distilled : (2a) 2 c.c., 
b. p. 72—78-8°; (2b) 4c.c., b. p. 78°8—85°; (2c) 10 c.c., b. p. 85—88°. With water (2a) gave 
an upper layer, which was washed with water, but (2b) and (2c) gave no separation. Fraction 
(1d), water, and the aqueous portions and washings from (2a), (2b), and (2c) were now combined 
and distilled : (8a) 2 c.c., b.p. 72—85°. Addition of water and calcium chloride gave an upper 
layer. The top layers (crude ether) from (la), (1b), (1c), (2a), and (3a) totalled 10c.c. This was 
subjected to the following distillations: (I) From fused barium oxide: yield 9-0 c.c., b. p. 
91—96°. (II) From potassium: yield 7-9 c.c., b. p. 91—92° (Found: C, 70-2; H, 13-5. Calc. 
for Bu*OEt : C, 70-6; H, 13-7%). 


THE Str WILLIAM RAMSAY AND RALPH FoRSTER LABORATORIES, ' 
UNIVERSITY COLLEGE, Lonpon, W.C. 1. [Received, April 18th, 1940.) 
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181. Mechanism of Substitution at a Saturated Carbon Atom. Part XVI. 
Hydrolysis of Methyl, Ethyl, isoPropyl and tert.-Butyl Bromides in 
Acidic Solutions under Conditions believed to be conducive to Uni- 
formity of Mechanism. 


By LeEsLiE C. BATEMAN and Epwarp D. HuGuHeEs. 


In this paper we present data for the rates of hydrolysis of the halides, named in 
the title, in wet formic acid, i.e., under conditions especially favourable for the uni- 
molecular mechanism (cf. preceding paper). The order of the alkyl groups is found 
to be that which we have predicted for the unimolecular reactions, viz., Syl :— 
Me<Et<Pr?<Bu’. By studying the effect of added water on the rate, we show that 
the bimolecular mechanism, even in this solvent, is important at the left-hand end 


of the series, though not sufficiently so to produce an actual rate minimum, such as is 
observed in less ionising media such as wet acetone. 


THIs paper is closely related to the three papers immediately preceding, the first of which 
dealt with the variation of rate with structure in the series indicated in the title. 

The theoretical connexion depends on the mechanism of hydrolysis, as determined by 
the sequences S,2:—Me>Et>Pr®>Bu” and Syl :—Me<Et<Pr’<Bu”. In alkaline 
solution, in which a powerful base such as hydroxide ion may make the dominating contribu- 
tion to hydrolysis, it was possible kinetically to establish mechanism S 2 in the first three 
examples: and, consistently, the rate sequence was found to be Sy2 :—Me>Et>Pr’*. 
In acid solution, a rate minimum was observed at the second member of the series. Here, 
first-order kinetics is consistent with either mechanism, but we were able to give a number 
of reasons for the belief that the mechanism changes in the series; that a second-order 
mechanism obtains with the first two members, and a first-order with the last two; and 
that there is probably a certain overlapping of mechanisms in the middle two members of 
the series. This evidence restored consistency to the observed rate variations: we had 
Sy2 :—Me>Et and Syl :—Pr’<Bu’. 

The present work arose from a desire to improve upon the previous very partial 
demonstration, represented by Syl :—Pr®<Bu’, that in unimolecular hydrolysis the rate 
variation really is governed by the full sequence Syl :—Me<Et<Pr’<Bu’. The 
theoretical conditions for securing the requisite uniformity of mechanism throughout the 
series are the use of a sufficiently low concentration of a sufficiently weak nucleophilic 
reagent, in a solvent of sufficiently high ionising power for alkyl halides. The preceding 
two papers suggest that wet formic acid might largely fulfil these conditions, the most 
significant indication being our conclusion that, in formic acid containing only small 
proportions of water, the hydrolysis of the primary halide, m-butyl bromide, is mainly 
unimolecular. We therefore decided to employ wet formic acid. 

We record below the first-order rate constants (k, in hr.~") of hydrolysis of the four 
halides, at 100-2°, in ‘‘ Kahlbaum ” formic acid (which contains about 0-5% of water), 
and in formic acid with 10% of added water. The reaction of ¢ert.-butyl bromide is much 
too fast to measure and the figures in parenthesis are orders of magnitude estimated from 
the measured rate for the chloride at a lower temperature (Bateman and Hughes, J., 1937, 
1187) with reasonable allowances for the change in the temperature and the halogen atom : 






















** Kahlbaum ”’ formic acid. 


EtBr. Pr®Br. 
1-45 37-9 


10% Water in formic acid. 


> 


PréBr. 
61-9 








MeBr. 
0-847 


BuYBr. 
(ca. 108) 


BuYBr. 
(ca. 108) 


The rate constants for the isopropyl and ¢ert.-butyl halides are composite inasmuch 
as small but appreciable proportions of the reactions measured are due to olefin elimination. 
It is probable, however, that the elimination process is also substantially unimolecular 
(cf., for example, Hughes, Ingold, and Scott, J., 1937, 1271), the rate-controlling stage in 
both substitution and elimination being the ionisation of the alkyl halide, which is what the 


MeBr. 
2-76 


EtBr. 
3-15 





10%, 
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first-order rate constant measures in so far as the reactions are indeed unimolecular. In 
any case the proportion of olefin is too small to affect the main conclusions. In the case 
of the primary halides some formate is also produced in the reaction (cf. experimental 
section), but, as shown in the preceding papers, no special significance attaches to this, 
since the alcohols react with formic acid under the conditions of the experiments. 

The most noteworthy feature of both sets of figures is that the order of the alkyl groups 
is that which we have predicted for the unimolecular reaction dependent on ionisation 
(Syl). It will be observed also that the rate ratios are less divergent from unity in the more 
aqueous solvent, because the factors by which the 10% of added water increases the rate 
diminish in the order Me, Et, Pr, Bu : 

MeBr. EtBr. PréBr. BuYBr. 
3-26 2-17 1-63 (1-0) 


The figure in parenthesis is based on the investigation of tert.-butyl chloride (Bateman and 


Hughes, loc. cit.). 
Fic. 1. 








Me ft Pré Bu” 


In the case of methyl bromide we made a more detailed study of the variation of the 
rate with water concentration. The results indicate a linear variation, and suggest the 
incursion of a bimolecular mechanism of substitution (cf. preceding paper) : 

Added H,O (%) ..cccccsssecssscesseree 00 1-0 2-0 5-0 10-0 

10%% (hours?) ..........sccccccccceseseee 0-847 1-01 1-26 1-67 2-76 
In these experiments the initial concentration of methyl bromide was about 0-18m and the 
quantities of water noted were added to “‘ Kahlbaum ” formic acid which already contained 
about 0-5% of water. 

Reviewing the results as a whole, we suppose that even in “ Kahlbaum ”’ formic acid 
the differences of rate between the halides that would characterise a purely unimolecular 
reaction are modified by bimolecular contributions. These should be most marked in the 
methyl end of the alkyl series, and will increase with the water content of the medium. It 
is clear that a more serious incursion of the bimolecular mechanism than appears to arise 
in any of the experiments here reported would introduce a minimum into the rate series. 
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This is what happens in less ionising and more strongly nucleophilic solvents such as 
aqueous alcohol or aqueous acetone. The situation may be schematically pictured with 
the aid of curves connecting points representing rates plotted on an arbitrary scale (Fig. 
1). Curve (1) represents a pure unimolecular mechanism and expresses the sequence 
Syl :—Me<Et<Pr®<Bu”. Curves (2), (3), and (4) represent a progressively increasing 
incursion of the bimolecular mechanism. The graded divergence of any of these curves 
from curve (1) expresses the sequence Sy2 :—Me>Et>Pr’>Bu’. Only after mechanism 
Sy2 is well established does a minimum enter, which may shift from the second to the 
third member as this mechanism gains in importance. 


EXPERIMENTAL. 


Materials.—The bromides used were carefully purified commercial samples. The formic 
acid media were made up as previously described (Bateman and Hughes, J., 1937, 1187). 

Kinetic Measurements.—A weighed quantity of the halide was dissolved in the medium, 
and the solution made up to a definite volume, usually at 0°, Portions of 5c.c. were then enclosed 
in small sealed tubes and the progress of the reaction (at 100-2° + 0-1°) was followed as before 
(cf. this vol., p. 943). It was observed in the experiments with methyl bromide that the reaction 
rate varied appreciably with the volume of the ‘‘ free’’ space above the liquid (Table I). All 


TABLE I. 


Illustrating Dependence of Rate on Volume of Reaction Tubes. Initial [CH,Br] ~0-18N. 
Constants, Rk, in hours=!. 


Medium. Total vol. of tube (c.c.). 

10% Water in formic acid  .,........seseeereceeees 6-5 

 Kahlbaum ” formic acid .......cssssesesenceeeee 
the comparative experiments were therefore carried out in small bulbs which were specially . 
blown from narrow glass tubing. It was arranged that the portion of reaction mixture intro- 
duced filled the bulb and part of the narrow tube, which could then be sealed leaving a minimum 
of ‘‘ free”’ space. Failure to observe this precaution may lead to serious errors in rate measure- 
ments with volatile compounds at high temperatures, particularly if the reactants are but 
sparingly soluble in the medium. 

As with n-butyl bromide (this vol., p. 940) we were able to measure initial rates quite 
accurately. The results of a few typical experiments are recorded in detail in Table II. All 
the constants are of the first order, and are calculated from the formula k = (1/é)log,a/(a — x). 
The initial [Halide] was ca. 0-18Nn throughout, and the total volume of the reaction tubes (except 
in the experiments recorded in Table I) was ca. 6-5 c.c. 

Reaction Products.—Previous experience (cf. this vol., pp. 935, 940) had shown that a study of 
the proportions of alcohol and alkyl formate in the final products gives no reliable information 
about the mechanism of hydrolysis in aqueous formic acid. Consequently we did not undertake 
an extended investigation of this subject, but, employing the technique previously described 
(this vol., p. 943), we were able to show that the yield of isopropyl formate in the reaction 
of isopropyl bromide in ‘‘ Kahlbaum ”’ formic acid is very small, the secondary halide resembling 
tert-butyl chloride in this respect. The situation with regard to a typical primary halide (n- 
butyl bromide) is described elsewhere (loc. cit.). We also carried out olefin estimations with 
isopropyl bromide in ‘“‘ Kahlbaum ”’ formic acid, and in ‘‘ 10% ”’ aqueous formic acid, employing 
the technique previously described (this vol., p. 943). The results indicated 6% elimination 
in the former medium, and 7% in the latter. In‘‘ 10% ” aqueous formic acid the propylene 
dibromide was isolated as follows: isopropyl bromide (43 g.) and the medium (400 c,c.) were 
refluxed for 19 hours, and the olefin was absorbed in a solution of bromine in methylene chloride. 
The methylene chloride solution was washed with water, with dilute aqueous thiosulphate, 
and again with water, dried, and distilled. The solvent was removed below 45°, and the residue 
(4-4 g.) was fractionated under reduced pressure: (1) 0-8 g., b. p. below 59°/47 mm.; (2) 3-0g., 
b. p. 59°/47 mm. (Found: C, 18-3; H, 3-0; Br, 78-7. Calc. for C,H,Br,: C, 17-8; H, 3-0; 
Br, 79-2%). As in the case of n-butyl bromide (/oc. cit.), olefin elimination in ethyl bromide is 
negligible under the experimental conditions here employed. 
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TABLE II. 


Illustrating Determination of First-order Rate Constants. a@ (initial [RBr]) and x 
((HBr]) expressed as equivalent c.c. of 0-0249n-AgNO, per 5 c.c. of solution. ¢ is 
in hours and & in hours“. 


1. Hydrolysis of MeBr in “‘ Kahlbaum ”’ formic acid (4 = 37-55). 
b ccccccccccccccccsccocce LD 2-0 3-4 4-2 
H sccrsesseccecrscceessess OOS 0-65 1-00 1-30 
VOPR ccccccccccsccccce 0875 0-875 0-793 0-839 
. Hydrolysis of MeBr in “ 5% ’’ aqueous formic acid (a = 40-88). 
1-0 1-5 2-0* 
0-70 0-96 1-36 
1-75 1-60 1-70 
* These tubes contained ca. 0-5 g. of crushed glass. 


. Hydrolysis of MeBr in “‘ 10% ” aqueous formic acid (@ = 37-97). 
S siceresartsacmsenceesses ee 2-35 3°5 
 cicvesscccesesvesececsen | SOD 2-35 3-41 
BOR iscsivessccssccsce DUS 2-72 2-68 
. Hydrolysis of EtBr in ‘‘ Kahlbaum ” formic acid (4 = 34-47). 
b sigvcinnncnenaiens . 3@ 2-0 2-5 3-0 
Mf scssrsiecsssresascece SD 0-97 1-33 1-45 
TPR cccivcdcoceiocceses , ASI 1-41 1-58 1-44 
. Hydrolysis of EtBr in ‘“ 10% ” aqueous formic acid (4 = 43-42). 
Bb ccsccsssciessaccscsasess &@ 2-0 3-0 4-0 
iP ctctictmmnviniens Lae 2-66 3°88 5-29 
BPR ccvccceccccccsccee §=SOG 3-17 3°12 3-25 
|. Hydrolysis of PréBr in “‘ Kahlbaum ” formic acid (a = 36-58). 
B sseccscccemeyecsscsccsse DRO 0-20 0-30 0-40 
D ccadcedtnsscstesevesecss Ee 2-65 3-98 5-18 
BOR ccccecccaccnverscecee EO 3°77 * 3-85 3-83 
. Hydrolysis of Pr®Br in ‘‘ 10% ” aqueous formic acid (a = 39-14). 
G. ssedccdvcacccccccscceces ‘ORO 0-20 0-30 0-40 0-60 
B ecsscscccccccsccccccsess SSB 4-56 6-58 8-70 12-10 
FOR. rcccoscccessencsseocce |} GUG 6-19 6-13 6-28 6-16 
Reaction of Methyl Bromide in 50% Aqueous Ethyl Alcohol at 100-2°.—The method employed 
was similar to that described for the corresponding reaction of n-butyl bromide (loc. cit.) except 
that the sealed tubes employed were specially designed (cf. p. 947). In Table III, a is the 
initial concentration of methyl bromide, % the concentration of hydrogen bromide (both expressed 
in equivalent c.c. of 0-0422N-sodium hydroxide per 5 c.c. of solution), ¢ the time in mins., and 
k the first-order rate constant in min.". This constant is nearly two hundred times larger than 
the corresponding first-order rate constant in ‘‘ Kahlbaum ”’ formic acid (cf. preceding paper). 


TABLE III. 
a = 19-73. 
B cacecccenasedencessonece 15 20 30 40 60 
H sivcsvescsacdscccscsccss | POR . 6-33 8-31 10-74 13-45 16-34 
IO: cisscriscrcissccs BOB } 2-58 . 2-73 2-62 2-86 2-94 
We wish to acknowledge with gratitude our indebtedness to Professor C. K. Ingold, F.R.S., 
for his interest in the work described in this and preceding papers. 
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182. Mechanism of Substitution at a Saturated Carbon Atom. Part 
XVII. Polar Effects in Alkyl Groups, as illustrated by Solvolytic 
Substitutions of p-Alkylbenzhydryl Chlorides. 


By Epwarp D. HuGHEs, CHRISTOPHER K. INGOLD, and NAZEER AHMED TAHER. 


The expected consequences of electron release according to the sequence 
Me<Et<Pr?<Bu” required for the inductive effect is often disturbed, and Baker 
and Nathan have suggested that this is due to the tautomeric displacement of the 
electrons of non-ionising CH-groups toward attached unsaturated carbon. This 
factor of electron release should work in the order Me>Et>Pr*>Bu”. The diffi- 
culty hitherto experienced in attempts to demonstrate this is that the differential 
effects of the co-existing inductive and tautomeric displacements are opposed, and 
that the significant quantity is the further difference of their combined influence either 
on initial and transition states, or on initial and final states, according as reaction 
rates or equilibria are under observation. Only by making an appropriate one of the 
four terms of this sum-difference combination much bigger than all the others can the 
new effect be isolated sufficiently to be demonstrated by the undisturbed exhibition 
of its special consequences. 

The unimolecular substitution of p-alkylbenzhydryl halides has afforded an 
opportunity to effect such an isolation: the transition state is the determinative state, 
because a carbon atom which was saturated has become unsaturated; and the tauto- 
meric electron displacements, for which the system provides a mechanism, will be 
dominating, because the large electron-demand created in ionisation is not compensated 
by an electron-transfer from a reagent as in bimolecular substitution. Employing 
both the hydrolysis and the alcoholysis of benzhydryl chloride and its p-alkyl deriv- 
atives, complete series of rates and activation energies have been established in accord- 
ance with the electron-release sequence H<{Me>Et>Pr*>Bu’}. This is the 
first definite demonstration of the reality of the tautomeric electron displacements of 


the electrons of non-ionising CH-groups. The absence of CH-ionisation has been 
confirmed by an isotopic indicator test. 


(1) Electron Displacement in Alkyl Groups. 


It has been shown in many previous papers (¢.g., this vol., p. 925) that the effect of alkyl 
groups R in promoting the ionisation of alkyl halides RX is in the order to be expected for 


a reaction facilitated by electron release from the alkyl groups through the operation of 
the general inductive effect : 


Electron release by R:—Me<Et<Pr°<Buwy .. . . (I) 


If the general inductive effect were the only operative mechanism for electron displacement 
in alkyl groups, this order should apply universally to reactions requiring electron accession 
to the reaction-zone (reactions of Ingold and Rothstein’s “‘ Class A”’). Baker and Nathan 
have pointed out (J., 1935, 1844), however, that this order is sometimes subject to dis- 
turbance, and that the simplest, though up to the present largely hypothetical, epitomisation 
of the known disturbances is expressed in the statement that, for reactions of the same 
general category (‘‘ class A ’’), subject to a certain structural condition, there is a factor of 
electron release amongst alkyl groups which works in the order 


Electron release by R:—Me>Et>Pr*>Bu” .. . . (II) 


The structural condition for the incursion of this factor (superposed on the usual effect 
arising from general inductive electron displacement) is that the alkyl group must be 
directly attached to an unsaturated atom, t.e., an atom that either is unsaturated or be- 
comes unsaturated in the course of reaction. Baker and Nathan’s interpretation was that 
the electrons of CH-bonds are capable of partial conjugation with an attached unsaturated 


‘/™ 
atom, thus permitting tautomeric electron displacement, H—C—-C= , much as if the 
electrons were unshared as in chlorine. From the standpoint of ordinary organic 
chemical theory, this may seem a rather drastic assumption; but, as one of us pointed out 
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(Chem. and Ind., 1936, 55, 962), a similar assumption has to be made for BH-bonds in order 


(™ 
to explain the existence of the diborane, etc. H—B 8B; and, as the organic chemical 
facts have also to be accounted for, Baker and Nathan’s hypothesis may be accepted 
provisionally as expressing a general property of all HX-bonds—even those that do not 
ionise. 

The importance of conjugation in producing conditions wherein the tautomeric electron 
displacement can create disturbances which are distinctive enough to have some chance of 
being detectable may be illustrated by a simplified example, related closely to the experi- 
mental evidence presented later. Consider comparatively the effect of tautomeric electron 
displacement from the alkyl groups in promoting the ionisation of simple alkyl and 
p-alkylbenzyl halides. For these reactions it is so obvious that the electron demand of the 
loosening halogen ion will be much greater in the course of reaction than it was originally 
that we need not go into further detail regarding existence and development of unsaturation 
in these systems. Evidently in the simple alkyl series tautomeric electron displacement 
(T) reinforces the general inductive electron displacement (J), both absolutely and differ- 
entially as between one alkyl group and another; whilst in the alkylbenzyl series the 
tautomeric displacement reinforces the general inductive absolutely, but opposes it 
differentially as between one group and another. The two extremes of the alkyl series 
Me .. . Bu’ are represented : 


(™ (™ 
H,C—Br H,C-> CMe,> Br 
[I (->) leads to sequence (I) whilst T (CX) leads also to (I)] 


"s (x 
H,cx<I Sco, —Br HC>CMey>€>>CHy>Br 
[I (+) leads to sequence (I) whilst T (x) leads to sequence (II)] 


Accordingly in the simple series we shall obtain sequence (I), whether the assumed tauto- 
meric effect is really present or not. As to the benzyl series, we cannot say in advance 
whether the differential tautomeric effect will or will not dominate the differential inductive, 
but if it does we shall obtain sequence (II), thereby detecting the tautomeric effect. 
Because the two modes of electron displacement always reinforce each other in an absolute 


sense, the complete order in this case, including the unsubstituted benzyl compound, should 


be H<{Me>Et>Pr*>Bu’}. 

In practice, chemical evidence can come from studies of either reaction equilibria or 
reaction rate. In the former case we have to consider differentially the initial and the final 
state of the system: each will be subject to general inductive, and each to tautomeric 
electron displacement. In the case of reaction rate we have to treat the initial and the 
transition state in a differential manner : and each of these will be subject both to a general 
inductive and to a tautomeric electron displacement. Thus in either case our result 
depends on a sum-and-difference combination of four effects, two relating to the initial 
state and two to the final or to the transition state. In problems of reaction rate, in con- 
trast to those of chemical equilibrium, it is important to distinguish between polarisation 
and polarisability effects, For instance, the unsaturation permitting alkyl conjugation 
may be present in the initial state of the system, when the consequential electron dis- 
placement (CY) is classifiable as a polarisation, viz., the mesomeric effect; or it may be 
present only, or may be enhanced, in the transition state, when the displacement, or the 
part of it due to the enhancement of unsaturation in the transition state, will be a polaris- 
ability, viz., the electromeric effect. In like manner the general inductive electron 
displacement (—>) in the initial state is a polarisation, the inductive effect, whilst its 
enhancement in the transition state is a polarisability, the inductomeric effect. 

In view of the inevitable complexity of the circumstances outlined in the previous 
paragraph it is not surprising to find that, although there are numerous indications of a 
disturbance which might be the postulated alkyl conjugation, considerable difficulty has 
hitherto been experienced in producing unequivocal evidence that this is so, such as, ¢.g., 
a well-spaced, regular and complete sequence (II) of rate or equilibrium constants, backed 
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by corresponding and analogously regular activation or reaction heats. Probably the best 
previous example is Baker and Nathan’s original one of the rates of combination of 
p-alkylbenzyl bromides with pyridine. They obtained a rate series H<{Me>Et>Pr* = Bu”} 
which is nearly of the desired type for electron-demanding reactions, but the extreme 
range of rate (H: Me) was only 1: 1-65, and, for well-known reasons, it is impossible 






















































, to be confident that so closely spaced a rate series means what it may appear to mean. 
f Not unnaturally the gaps were irregular and the Arrhenius critical energies, far from 
‘ being confirmatory, gave only a “ muddled” series. Evidently no clear result should 
. have been expected because the reaction is a bimolecular nucleophilic substitution, which, 
| on account of the mutually accommodating electron-transfers, has only a small electron- 
e demand, as the internal evidence of the rates confirms: the small electron-demand means 
y that there must be a large amount of mutual cancellation in the four-term combination of 
n effects on which each of the rates depends. Subsequent investigations on the rates of 
it electron-demanding reactions are subject to the same comments to the same or a greater 
r degree, viz., Brynmot Jones’ chlorination of p-alkylbenzyloxyphenols (J., 1938, 1414), 
e which produced the series H<{Me = Et<Pr?>Bu’}, and W. C. Davies’ methylation 
it of p-alkyldimethylanilines (J., 1938, 1865), which gave H<{Me>Et<Pr°>Bu’}. 
es Work on equilibria has also produced only muddled series hitherto, the difference between 
the electron-demand in the initial and the final state being insufficient to prevent an 
approximate mutual cancellation of the component effects. These investigations are 
T. T. Davies and Hammick’s addition of tetranitromethane to alkylbenzenes (J., 1938, 
763), which led to H<{Me<Et>Pr*<Bu’}, W. C. Davies’ proton-addition to p-alkyl- 
dimethylanilines, which gave H<{Me>Et<Pr*>Bu’}, and Baker, Dippy, and Page’s 
proton-addition to p-alkylbenzoate ions, which gave H<{Me>Et = Pr®<Bu”}. Other 
investigations, including one* on the rate of a reaction requiring the withdrawal of 
electrons (Ingold and Rothstein’s “Class B”), have so far yielded only incomplete 
series, which, though indicating the presence of a disturbance, are still less satisfactory 
to- than the above complete researches as evidence of the nature of the disturbance (Baker, 
ice Nathan, and Shoppee, J., 1935, 1847; Baker and Nathan, J., 1936, 236; Burkhardt e¢ al., 
ve, J., 1936, 17, 25, 1649, 1654). 
ct. What we need in order to get over the difficulty revealed in all this work is a device for 
ute making one of the four contributing factors (and it must be one of the two which involve 
uld alkyl conjugation) much greater than all the others; and this can be done. We decide to 
study reaction rate in a strongly electron-demanding reaction, and there can hardly be any 
L OF reaction more suitable than a unimolecular nucleophilic substitution, where there is only a 
inal single electron-transfer involving carbon in the rate-affecting stage. We must provide 
eric that form of conjugative connexion between the alkyl group and the reaction site which 
the will favour in an absolute sense tautomeric electron displacements originating in the alkyl 
eral groups, but will lead to general inductive and tautomeric electron displacements which 
sult oppose each other differentially as between one alkyl group and another. Then, if alkyl 
itial conjugation is real, the general inductive effects in the initial and the transition state 
con- and the tautomeric effect in the initial state may all be unimportant in comparison 
tion with the tautomeric effect compensating the electron transfer in the transition state, and 
tion alkyl conjugation will determine a distinctive and diagnostic series of rates and activation 
ce energies, such as we seek to establish. 
fag (2) Hydrolysis of p-Alkylbenzhydryl Chlorides.+ 
laris- All the necessary conditions are fulfilled for the hydrolysis of the p-alkylbenzhydryl 
stron @ chlorides. These have the right type of conjugation ;{ and as it was known (section 3) that 
st its * This is being discussed in some detail in a contemporaneous paper by Dr. J. W. Baker. [Added 
: 20/1/40: The paper has now appeared (J., 1939, 1150).] 
vious ¢ Hughes and Ingold promised (J., 1935, 247) to investigate the p-alkylphenylethyl halides in this 
; of a connection, but afterwards decided to change to p-alkylbenzhydry]l halides in order to avoid the possible 
y has [J complication of olefin formation. 
, CBr ¢ It was to be expected that the double conjugation of #-alkyl with -C,H,— and of the latter with 
acked ionising C ...Cl would produce a substantial “ extra resonance energy” (excess over the additive 





contributions) in the transition state; or, in other words, that the presence of the ~-C,H,-system 
38 : 
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the alcoholysis of benzhydryl chloride is unimolecular, it was certain in advance that the 
hydrolysis of this halide, as well as of its p-alkyl derivatives, would be unimolecular also. 
Using “‘ 80% ”’ aqueous acetone as solvent, we have confirmed this, and have obtained the 
“ideal” rate sequence 

H<{Me>Et>Pr*>Bu’} 


with a rate-range (H : Me) of 1 : 30, regular spacing amongst the alkyl groups, and a quali- 
tatively supporting series of Arrhenius critical energies. Table I illustrates these points 
(the first-order rate constants, k,, and likewise the non-exponential rate factors B, are in 
sec.-1, and the apparent energies of activation, E, are in kg.-cals.). Note that for each 
alkyl group the rate is greater by almost exactly one-third than the rate for the next higher 
homologue. Further rate data will be found in the experimental section. 


TABLE I. 


First-order Rate Constants at 0° and Arrhenius Parameters for the Hydrolysis of Benzhydryl 
Chloride and its p-Alkyl Derivatives in “‘ 80°% ’’ Aqueous Acetone. 


(Initial [Halide] about 0-015m throughout.) 
III, isn ticnssencninnrucnioiniti Me Et Pr8 Buy 
IT disks ctnientsdnaieoneliiadie . 83-5 62-6 46-95 35-9 
ED seccnccrsins ococsnncescessnsonesossn ° 1-23 2-19 3-47 4:07 
IF euiahdesexiomethionnntineneaagaik Oe 18-9 19-4 19-8 20-05 

We regard this as the first satisfactory evidence of the reality of alkyl conjugation as 
envisaged by Baker and Nathan. 

The suggestion (Robinson, Chem. and Ind., 1936, 55, 962) that the phenomena which 
point in this direction are due to the actual loss of a proton from the methyl, ethyl or 
isopropyl group during the course of reaction, possibly under the influence of the strongly 
basic reagents, which had been employed in most of the older work, at least does not apply 
to our case. We employ no strongly basic (or acidic) reagents, for our reactions are of first 
order and are not accelerated by bases and acids. We can directly show, moreover, that 
no loss of proton occurs at any intermediate stage of our reactions; for if such loss occurred, 
then on carrying out the hydrolysis of, say, -methylbenzhydryl chloride in aqueous acetone 
containing deuterium water in place of ordinary water we should find deuterium in the 
methyl group of the resulting #-methylbenzhydrol. We have done this experiment with the 
result that the ~-methylbenzhydrol, after isotopic normalisation of its hydroxyl hydrogen 
by exchange with cold alcohol, was found to be completely free from excess of deuterium. 
The experimental method would certainly have detected a proton-loss equivalent to one 
hydrogen atom in every 250 molecules. 


(3) Ethyl Alcoholysis of p-Alkylbenzhydryl Chlorides. 


On commencing the work of the previous section, our theoretical conviction tggt the 
method should succeed was a little shaken by a previous inconsistent observation on the 
ethyl alcoholysis of -alkylbenzhydryl halides. Ward established the unimolecular and 
irreversible character of the ethyl alcoholysis of benzhydryl chloride (J., 1927, 2285). 
Norris and his collaborators concluded that the reactions were measurably reversible, and 
for p-alkyl derivatives obtained the rate series H<Me<Et (relative rates 1 : 16-2 : 20-9) 
(J. Amer. Chem. Soc., 1928, 50, 1795, 1804, 1811). Kny-Jones and Ward reinvestigated 
the parent halide, and conclusively proved that its alcoholysis is not measurably reversible 
(tbid., 1935, 57, 2394); and Farinacci and Hammett closely confirmed Ward’s absolute 


would enhance the conjugative effects due to alkyl substitution, thus increasing our chances of securing 
a clear supremacy of the differential conjugative effect over the differential inductive effect. For this 
reason it was considered important to retain the C,H,-system, which had been present also in all the 
reactions studied by previous investigators (locc. cit.), rather than pass over to purely aliphatic examples, 


such as the unimolecular reactions of R,C-CMe,*Hal, R,C-C(CO,),*Hal, etc. (R = H or Me). Such 


systems will in later publications be used to illustrate the scope and limitation of the effects established 
in this paper. 
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value for the rate constant (bid., 1937, 59, 2542), from which Norris’s value differed appreci- 
ably. Apart from these criticisms of Norris’s conclusions, we noticed that those parts of 
his calculations that could be checked contained a high proportion of serious arithmetical 
errors ; and therefore, when it subsequently became clear that hydrolysis was yielding the 
sequence H<{Me>Et>Pr*>Bu’}, we thought it desirable to repeat Norris’s deter- 
minations on the H-, Me-, and Et-compounds, and extend the work to the Pr®- and 
Bu’-homologues, which he did not examine. 

On completing this programme we obtained the constants, shown in Table II, which 
again give the sequence H<{Me<Et>Pr*>Bu’}. The constants , are in sec.~}, 


TABLE II. 


First-order Rate Constants at 25° for the Alcoholysis of Benzhydryl Chloride and its 
p-Alkyl Derivatives in Dry Ethyl Alcohol. 
(A: [Halideo ~0-013m. B: [Halide),.» ~0-084m.) 
p-Substituent Me Et Pr8 Buy 
on ane energie otlilae — thet hase. apart 


125 120 — —_ 

SINIEE  seccltieicaeiaes Oe 23-4 22-6 20-0 18-6 

»  » for hydrolysis (at 25°)... 1: 21-4 17:3 13-8 10-9 
We add a few detailed comments. (1) The constant for benzhydryl chloride is a little 
lower than that obtained by Ward and by Farinacci and Hammett (10°, = 5-73); but 
these authors used ordinary lime-dried alcohol, whilst our solvent was further purified by 
the Lund-Bjerrum method: 0-2% of water in the lime-dried material would account for 
the difference. (2) The rate constants of series A apply to solutions of about the dilution 
used in our study of hydrolysis, whilst the rate constants B relate to more concentrated 
solutions such as Norris used. For reasons explained in following papers (this vol., 
p. 960, e¢ seq.), it is important, in order to obtain first-order constants for some unimolecular 
reactions, to maintain quite low concentrations; but the disturbances which in principle 
may enter in more concentrated solutions are evidently not the cause of the discrepancy 
between Norris’s results and our own. One contributory cause may be that his p-ethyl- 
compound was impure, since ours melted 10° higher; and, as we have noted, his measure- 
ments and calculations as a whole do not seem to be very accurate. (3) It will be observed, 
on comparing the last two lines of Table II, that the spacing of the rates amongst the 
alkyl compounds is appreciably closer than for hydrolysis. The meaning of this in terms of 
electron displacement must be that, in the transition state, the electron-demand on the 
alkyl group due to the ionising link is less for alcoholysis than for hydrolysis, or, in other 
words, that the developing positive charge on carbon is more compensated by solvation in 
alcoholysis than in hydrolysis; which, perhaps, is natural in view of the known solubility 

relations of hydrocarbons with alcoholic and aqueous solvents. 


EXPERIMENTAL. 


Materials.—The p-alkylbenzhydryl chlorides were all prepared according to the scheme : 
R-C,H,+C,H,-COCl —> R’C,H,°CO-C,H, —> R’C,H,°CH(OH)-C,H, —> R’C,H,CHCIC,H,. 
The ketones, carbinols, and chlorides of the isopropyl and ¢ert.-butyl series are new. The 
original hydrocarbons were carefully purified, the isopropylbenzene and #ert.-butylbenzene 
having been prepared by ourselves from isopropyl and ¢ert.-butyl chlorides, benzene, and 
aluminium chloride; yields 70 and 55%, b. p.’s 152-8—153-1°/765 mm. and 169°/764 mm. 
respectively. 

p-Alkylbenzophenones.. The method of Montagne (Rec. Trav. chim., 1908, 27, 357) was made 
the basis of these preparations, which are illustrated with respect to the ¢ert.-butyl compound. 
A mixture of benzoyl chloride (190 g.), aluminium chloride (145 g.), and carbon disulphide 
(1000 c.c.) was heated on the steam-bath under reflux for 2 hours and cooled. After the addition 
of tervt.-butylbenzene (210 g.), heating was continued for 4 hours, and the product.was then 
cooled and added to ice-water. The filtered carbon disulphide solution was washed successively 
with dilute hydrochloric acid, water, saturated aqueous sodium hydrogen carbonate, and 
water, and was dried and distilled. The four homologous ketones were obtained all in about 
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55% yield. In order (methyl- to #ert.-butyl-) they had: b. p. 185°/17 mm., m. p. 54—55°; 
b. p. 186°/11 mm. (Found: C, 86-2; H, 69. Calc.: C, 85:7; H, 6-7%); b. p. 197°/16 mm. ; 
b. p. 205°/15 mm. They are probably not free (except the crystalline methyl compound) from 
o- and m-isomerides, but the elimination of these is effected in the carbinols. The ethyl compound 
was analysed because of the discrepancy between the m. p. of its carbinol and that of Norris’s 
preparation. 

p-Alkylbenzhydvols. We used a modification of Marvel and Hansen’s method of reduction 
(“‘ Organic Syntheses,” 8, 24). They employed zinc and a solution of sodium hydroxide in 
ethyl alcohol containing 5% of watet for the reduction of benzophenone, and they state that the 
water is not harmful, though the use of absolute alcohol as solvent is recommended in previous 
literature. We found that the presence of water, in even larger proportion than Marvel and 
Hansen employed, is not only not harmful, but is positively necessary for complete reduction. 
We illustrate with respect to p-tert.-butylbenzhydrol. The ketone (80 g.) and sodium hydroxide 
(110 g.) were dissolved in a mixture of ethyl alcohol (720 c.c.) and water (80 c.c.). After the 
solution had been heated under reflux with mechanical stirring, zinc powder (140 g.) was added 
and the heating and stirring were continued for 2 hours. The filtered solution, combined with 
alcoholic washings, was added to a large volume of ice-water and neutralised with hydrochloric 
acid (d 1:19). The precipitated crude carbinol was dried, crystallised once from ether, and three 
times from light petroleum. The yield of fully purified carbinol was 75%, and for all the carbinols 
it was in the range 62—80%. The m. p.’s of the four carbinols in order (methyl- to ¢ert.-butyl-) 
are 52—53° (Norris, 51-5—53°), 43-5° (Norris 33°) (Found: C, 84-8; H, 7-6. Calc.: C, 84-9; 
H, 76%), 60° (Found : C, 85-2; H, 7-8. C,,H,,0 requires C, 85-0; H, 8-0%), and 82° (Found : 
C, 85-1; H, 8-5. Cy,H,ggO requires C, 85-0; H, 8:3%). 

p-Alkylbenzhydryl chlorides. The following is illustrative.  -‘ert.-Butylbenzhydrol 
(30 g.) was treated with a stream of dry hydrogen chloride in ether (200 c.c.) solution for 2 hours, 
and the solution was dried with calcium chloride, decanted therefrom, and treated with a further 
quantity of hydrogen chloride in the presence of fresh anhydrous calcium chloride. The ethereal 
solution was concentrated, shaken with anhydrous sodium carbonate, and finally distilled (oil- 
bath). Yield of chloride, 50%. The b. p.’s of the four halides in order (methyl- to éert.-buty]l-) 
are 136°/0-4 mm. (Found: Cl, 164. Calc.: Cl, 16-4%), 148°/1-0 mm. (Found: C, 78-2; 
H, 6-7; Cl, 15-2. Cale.: C, 78-1; H, 6-5; Cl, 15-4%), 155°/0-3 mm. (Found: C, 78-4; H, 6-9; 
Cl, 146. C,gH,Cl requires C, 78:5; H, 7:0; Cl, 145%), and 158—160°/1-5 mm. 
(Found: C, 791; H, 7-4; Cl, 13-3. C,,;H,Cl requires C, 78-9; H, 7-4; Cl, 137%). The 
unsubstituted benzhydryl chloride had m. p. 18°. 

Solvents. Acetone was purified by Conant and Kirner’s method (J. Amer. Chem. Soc., 1924, 
46, 245) and ethyl alcohol by Lund and Bjerrum’s (Ber., 1931, 64, 210). The “80%” 
aqueous acetone used in the rate measurements was a mixture of 8 vols. of dry acetone with 
2 vols. of water, the volumes being measured at room temperature. A large quantity of this 
solvent was prepared, and in all comparative kinetic measurements the solvent was taken 
from the same stock. 

Kinetic Measurements.—The experiments were carried out either at 0-0° or at 25-0° (+.0-05°) 
by the ordinary sampling method, the samples being run into a large volume of cold acetone in 
order to stop the reaction, and titrated with sodium hydroxide with lacmoid as indicator. 

Hydrolysis of chlorides in 80% aqueous acetone. Table III illustrates one of the runs of this 
series. Benzhydryl chloride was initially in 0-01652m-solution. Its concentration, a — x, at 
time #, in seconds, is expressed in c.c. of 0-00980n-sodium hydroxide per 10 c.c. sample. 
Table IV contains the complete duplicate sets of determined mean constants, from which the 
data of Table I were computed. All first-order constants are in sec.-. 


TABLE III. 
Hydrolysis of Benzhydryl Chloride at 25-0° in 80% Aqueous Acetone. 
t. a —*%. 10°. zt. a~— %, 10®R,. . . 10°. 
0 16-85 _ 5,161 11-50 73-9 73-6 
1078 15-58 72-7 6,713 10-30 73-3 725 
2280 14-30 71-9 8,520 9-10 72-2 . 72-6 
3658 12-90 72-9 10,330 7-90 73-2 . 72-2 
Mean 10°, = 72-8. 


Alcoholysis of chlorides in anhydrous ethyl alcohol. These experiments are reported fully 
in Table V in view of the disagreement with Norris’s results. The rate constants are summarised 
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TABLE IV. 


Summary of Mean Rate Constants for Hydrolysis of Benzhydryl Chloride and its p-Alkyl 
Derivatives at 0-0° and 25-0° in 80% Aqueous Acetone. Duplicate Series “a” and 
“b.” Initial Concentrations of Halide between 0-013 and 0-018. 

DDG 506090 stn ins Hevesi on Prf Buy 
10%, (0-0°){ {F - Rog 


We MONG LI 


“9 36-0 
47-0 ' 35-8 
02-0 79-5 
99-2 79-7 
in Table II (p, 953). In the experiments of series A, a — x is expressed in c.c. of 0-01036N-sodium 
hydroxide per 10 c.c. sample, and in those of series B, a — # is given in c.c, of 0-02012N-alkali 
per 2c.c. sample, Other units are as before. 


TABLE V. 


Alcoholysis of Benzhydryl Chloride and its p-Alkyl Derivatives in Anhydrous Ethyl Alcohol 
at 25-0°. Series A (more dilute) and B (more concentrated solutions), 
(A) ~-Substituent = H. (A) ~-Substituent = Me. (B) p-Substituent = Me. 
[Halide], 9 = 0-01160m. [Halide], = 0-01487M. [Halide], .o = 0:0865m. 
t. . 10. 105%,. 
0 — pL 
110 . 126 124 
243 ° 121 123 
374 . 123 125 
532 D 122 124 
725 ° 125 127 
950 * 122 125 
1255 121 127 
1560 . 121 121 


PY 
> | 
» 


tot tot BD G9 HB EH AI GD 
Sseuasss | 


i) 
i) 


(A) p-Substituent = Et. (B) p-Substituent = Et. (A) p-Substituent = Pr®, 
[Halide], —»9 = 0-01326m. -  [Halide},.o = 0-0820m. [Halide],.9 = 0-01450m. 
t. a—%. 105k. 


nde dob kk 
SSAGRKRARS 


119 


(A) ~-Substituent = Buy. [Halide], 9 = 0-01336m. 
10°. t. a—*. 105k. t. 


_ 622 7-60 101-0 1675 
99-3 705 6-40 99-3 2260 
98-6 952 4-90 102-0 3432 
98-8 1243 3-75 99-3 


Products.—Products in ordinary aqueous acetone, Benzhydryl chloride (16-5 g.) was dissolved 
in “‘ 80% ” aqueous acetone (1 1.), the solution, after being kept for 48 hours at 25°, was made 
faintly alkaline with ammonia, and most of the acetone was pumped off at about this temper- 
ature. The concentrate was poured into ice-water, and the precipitated product was collected, 
washed with water, and dried. It weighed 14-58 g. (theoretical yield of benzhydrol = 15-0 g.), 
and had m. p. 67—68° (mixed m. p. with benzhydrol, the same). Extraction of the residues 
with ether failed to yield any further substance. 

The corresponding experiment with p-methylbenzhydryl chloride was carried out with a 
rather more concentrated solution for reasons of economy, because the parallel experiment 
described below had to be carried out with a deuterium-containing solvent. A solution of the 
chloride (5-44 g.) in the “‘ 80% ” aqueous acetone (100 c.c.) was kept at 25° for 48 hours. In 
order to make sure that in this rather concentrated solution (ca. 0-2m) the hydrolysis goes to 
completion (i.e., that the reaction is not measurably reversible), a 6 c.c. sample was withdrawn 
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for titration; this showed hydrolysis to be quantitative. The remaining material, worked up 
as described above, gave 4-36 g. of product (theoretical yield of p-methylbenzhydrol = 4-73 g., 
allowing for the analysis sample), which had m. p. 52—53° (mixed m. p. with p-methylbenz- 
hydrol, the same). No further substance was obtained by extraction of the residue with ether. 

Product in deuterated aqueous acetone. The preceding experiment with p-methylbenzhydryl 
chloride was repeated with aqueous acetone made from heavy water (5 c.c., containing 99-6 
atoms % of deuterium), ordinary water (15 c.c.), and acetone (80 c.c.). The precipitated 
p-methylbenzhydrol was washed well with water, and the alcoholic hydrogen was then iso- 
topically normalised by several times dissolving the substance in cold ethyl alcohol and reprecip- 
itating it with water. Combustion of the dried product gave water of the same density as 
ordinary water to 1 in 10°, which is the error of measurement. We are indebted to Dr. E. 
de Salas for this combustion and pyknometric density determination. 


Str WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
UNIVERSITY COLLEGE, LoNnDoNn, W.C. 1. [Received, April 18th, 1940.] 





183. Mechanism of Substitution at a Saturated Carbon Atom. Part 
XVIII. Polar Effect of the Carboxylate Ion Group as illustrated by 
the Hydrolysis of the Bromomalonate and «-Bromomethylmalonate Ions. 


By Epwarp D. HuGHEs and NAZEER AHMED TAHER. 


In this paper we show that the hydrolysis, with moderately dilute alkali, of the 
anions named in the title proceeds by the unimolecular mechanism (Syl), and we 
thereby complete the evidence establishing a duplexity of mechanism in a series of 
halides involving an accumulation of carboxylate-ion groups at the seat of substitution, 


e.g., R°CH,Br, R*CH(CO,)Br, R°C(CO,),Br (R = H or Me). The position of the 
mechanistic transition point is dependent on R: when R = H, it occurs between the 
second and the third member, but when R = Me it is located between the first and the 
second member, consistently with the known facilitation of the unimolecular mechanism 
by a methyl substituent. 

The main evidence of a unimolecular mechanism for the hydrolysis of the 
bromomalonate and bromomethylmalonate ions is the insensitivity of their rates to 
alkali, but there are other indications. Thus the B-factors in the equation k = Be~#/RT 
are of the order 10!*—101” sec.-1, and, while this is readily interpretable for a uni- 
molecular reaction, corresponding B-values are unusual for bimolecular reactions. 
The E-values are also abnormally large for reactions of this type and recall similar 
results for the unimolecular decompositions of sulphonium salts (von Halban). 

Comparative rates for the unimolecular hydrolysis of the «-bromomethylmalonate, 
a-bromomalonate, and «-bromopropionate ions show that the methyl and carboxylate- 
ion substituents increase the rate by factors of about 200 and 30, respectively. The 
former effect is correlated mainly with a decrease in E. 


In their discussion of the Walden inversion, Cowdrey, Hughes, Ingold, Masterman, and 


Scott (J., 1937, 1252) stated that the electron-repelling CO,-substituent should (like alkyl 


substituents) operate against the bimolecular mechanism of hydrolysis (or alcoholysis) of 
a C-halogen compound, 


H,O + Alk-Hal —> H*-+ Alk-OH + Hal- 
or OH- + Alk-Hal —> Alk-OH + Hal- } (Sx?) 
and favour the incursion of the unimolecular mechanism : 
Alk-Hal ——-> Alk* + Hal- 
either Alk+ + H,O ——> Alk-OH + Ht } (Syl) 
or  Alkt + OH- ——> Alk-OH 


followed by { 
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In series (1) and (2), for example, the accumulation of carboxylate-ion groups would be 
expected to lead to a change of mechanism in the sense Sy2 —-> Syl: 


Cu ‘cans Cea eo a 
CH,Me, CHMe(CO,), CMe(CO,),. . .. . . (2) 


Although there was a certain amount of evidence of this at the time, it was fragmentary : 
in particular, little was known of the third members of the two series. It was known that 
methyl and ethyl halides, the first members of the series, undergo reactions with alkali in 
alcohol or aqueous alcohol by the bimolecular mechanism, and there was some indirect 
evidence (which is reinforced in an accompanying paper—this vol., p. 925) that their 
solvolysis in neutral and acidic solutions proceeds essentially by the same mechanism. 
The position with regard to the middle members of the series was as follows. The bromo- 
acetate ion (series 1) undergoes hydrolysis in alkaline solution by the bimolecular 
mechanism, but Dawson’s work led to the suggestion that in acid aqueous solution there is 
a partial incursion of the unimolecular mechanism. [This argument, which is later 
corrected, was not conclusive, because it was based on a small enhancement of rate, such 
as is sometimes observed slightly earlier in a series than the point at which actual change 
of mechanism sets in (Hughes, Ingold, and Shapiro, J., 1936, 225); and also because the 
rates themselves are too critically sensitive to the approximations implicit in the 
method of analysis used by Dawson.] The «-bromopropionate ion (series 2) was shown by 
Cowdrey, Hughes, and Ingold to undergo hydrolysis by a mixture of mechanisms, 
the bimolecular mechanism predominating in strongly alkaline, and the unimolecular in 
dilute alkaline, solution. 

In order to complete the evidence, and, in particular, to establish the expected change of 
mechanism in series (1) and (2), we have now undertaken a kinetic examination of the 
hydrolysis of sodium bromomalonate and of sodium «-bromomethylmalonate in aqueous 
alkaline solution. 

The hydrolysis of sodium bromomalonate has been previously examined by Madsen 
(Z. physikal. Chem., 1914, 86, 538), who obtained good first-order rate constants in alkaline 
aqueous solution at 25-2°. He did not study the effect of variation in the initial concentr- 
ation of alkali, however, and the evidence relating to the order and mechanism of the 
reaction was thereby weakened; for the constancy of an integrated velocity constant in 
one experiment is an insensitive test for purity of kinetic form. The hydrolysis of the 
a-bromomethylmalonate ion does not appear to have been previously studied. 

We found the rate of reaction to be inconveniently slow at 25°, but, by working at two 
higher temperatures, we have determined the temperature coefficients and can therefore 
compare our data with those of Madsen. The results are summarised in Table I. 


TABLE I. 


Summary of the First-order Rate Constants of the Hydrolysis of Sodium Bromomalonate 
(NaBM) and Sodium «a-Bromomethylmalonate (NaBMeM) in Aqueous Solution. 
([Halide] ~ 0-05 ; k, in sec.-}.) 

Initial Initial 
Expt. Halide. [NaOH]. [NaBr]. Temp. 105%,. Expt. Halide. [NaOH]. [NaBr]. Temp. 
1 NaBM* 0-116 ~- 100-0° 202 6 NaBM 0-0549 65-3 
2 199 7 NaBMeM 0-0514 ” 
370 8 
132 9 P ” 
81-4 10 35-0 


* Madsen’s result for sodium bromomalonate at 25-2° was 105k, = 0-00363; from our results at 
65-3° and 100-0° we calculate, for 25-2°, 105k, = 0-00330 sec.. 


” 


In each experiment we obtained good first-order constants (cf. experimental section), 
and, except in the hydrolysis of the bromomalonate ion in concentrated alkaline solution 
(Expt. 3), the rate is practically the same when the initial alkaline concentration is widely 
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varied (Expts. 1, 2 and 7, 8,9). The results with added sodium bromide (Expts. 4 and 5) 
may indicate that an even more marked dependence on the concentration of hydroxide 
ions than Expt. 3 exhibits is partly masked by a negative salt effect.* It is, however, 
clear that hydroxide ions in moderately small concentrations take no significant part in 
controlling the rate of these reactions, and we therefore conclude that they are of the 
unimolecular type (Syl). We ascribe the substantial increase in the rate of hydrolysis of 
the bromomalonate ion in the presence of high concentrations of alkali to the incursion 
of a bimolecular reaction with hydroxide ions (Sy2).t The absence of any appreciable 
increase in the rate of hydrolysis of the «-bromomethylmalonate ion, even utes these 
conditions, is in harmony with our knowledge that alkyl groups stabilise the unimolecular 
mechanism. 
The following is a comparison of rates, and of the parameters of the equation 
k — Be-2RT « 
10®k¢s.s° (sec.-"). E (kg.-cals.). B (sec."). 
Sodium bromomalonate  .........sssseseeeeeeees 2-22 32-54 2-46 x 1016 
Sodium a-bromomethylmalonate ...,........ 435 30-27 16-2 x 103% 


(If we combine Madsen’s rate for sodium bromomalonate at 25-2° with our rate for this substance 
at 100°, we obtain an E-value, 32-30 kg.-cals., in close agreement with that tabulated.) 


There are several points of interest in these figures. First, the 200-fold increase of rate 
produced by the methyl group in the second compound is correlated mainly with a decrease 
in E, but partly also with an increase in B. We should expect an idealised energy of 
activation to be reduced by the electron-releasing methyl group. Secondly the E-values, 
taken together, are considerably greater than those previously found for simple alkyl 
halides (Hughes, Ingold, and Shapiro, Joc. cit.; Hughes and Shapiro, J., 1937, 1177; 
Cooper and Hughes, 1bid., p. 1183). Similarly large values have been found by von Halban 
for the unimolecular, non-solvolytic decompositions of sulphonium salts (Z, phystkal. 
Chem., 1909, 67, 129), and by workers in these laboratories for corresponding solvolytic 
reactions of these substances; and now that we have obtained such values for the 
unimolecular solvolytic reactions of anions, the suggestion presents itself that they may be 
characteristic for unimolecular decompositions of ionic reactants (concerning the 
mechanistic similarity of solvolytic and non-solvolytic reactions, cf. the last three papers 
of this consecutive series). Finally, the B-values are abnormally large. Hinshelwood 
has asserted (Trans. Faraday Soc., 1938, 34, 105) that correspondingly large values are 
theoretically improbable for bimolecular reactions, but that large B-values are readily 
interpretable for unimolecular reactions: the distinction will be of interest as an auxiliary 
indication of mechanism to those who attach such significance to analysis in terms of 
Arrhenius parameters. The slightly larger B-value of the methyl compound fits in with the 
idea of associating high values with the storage of energy in many degrees of freedom 
(Hinshelwood, loc. cit.; cf. Lewis and Smith, J]. Amer. Chem. Soc., 1925, 47, 1508). 

Returning now to a consideration of the carboxylate-ion series discussed on p. 957, we 
conclude that, for hydrolysis in dilute alkaline solution, a duplexity of mechanism is 
established in both series (1) and (2) as follows : 


CH, CH,(CO,) CH(CO,), (1) 


Syl 
CH,Me CHMe(CO,) CMe(CO,), (2) 








Sy2 Si 


The earlier location of the point of mechanistic change in the second series is consistent 
with the known facilitation of the unimolecular mechanism by methyl substituents. 


* Further experiments are needed to show whether the influence of sodium bromide is, at least in 
part, due to the operation of a mass-law effect (cf. this vol., pp. 960, 979). 


+ A good first-order rate constant is found in this case because the hydroxide-ion concentration is 
buffered. 





; 
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It has been stated in previous papers of this series that a change of mechanism with 
change of structure may not only be associated with a change in the reaction kinetics, 
but should also be characterised by certain rather definite variations in the rates of reaction. 
In the region of the bimolecular mechanism the electron-repelling carboxylate-ion group 
(like alkyl groups) should decrease the rate of substitution (with possible exceptions, as 
already mentioned), whereas in the region of the unimolecular mechanism the effect should 
be an increase. The comparative rates required to test this statement fully are not yet 
available, but for the unimolecular hydrolysis of the «-bromopropionate and «-bromo- 
methylmalonate ions it is now established that the second carboxylate-ion group in the 
latter produces a 30-fold increase of rate. The comparative figures (k, in sec.) for the 
hydrolysis in aqueous solution at 64-0° are as follows, the figure for the «-bromopropionate 
ion being taken from Cowdrey, Hughes, and Ingold’s results (J., 1937, 1208), and that for 
the a-bromomethylmalonate ion being calculated from our results at higher temperatures : 


CHMe(CO,)Br, 102, = 1-18; CMe(CO,),Br, 104, = 36-5. 


For the hydrolysis of the bromoacetate and bromomalonate ions in aqueous solution 
at 25°, the following rates (sec.“4) are available : 


CH,(CO,)Br, 10%, = 5-66; CH(CO,),Br, 108%, = 3-63. 


The first-order rate for the bromomalonate ion (Madsen, Joc. cit.) is undoubtedly that of a 
unimolecular reaction, since we have demonstrated its insensitivity to alkali. The constant 
for the bromoacetate ion (Brooke and Dawson, J., 1936, 497) may not be accurate, since 
it emerges as a relatively small difference in a complicated analysis, wherein a completely 
satisfactory method of allowing for salt effects is difficult to devise; but it is probably of 
the right order of magnitude, and, on this account alone, having regard to the value for the 
bromomalonate ion, we draw the provisional conclusion that the solvolytic reaction 
of the bromoacetate ion is, at least largely, bimolecular. 


EXPERIMENTAL. 


Materials —Bromomalonic and a-bromomethylmalonic acids, prepared by well-known 
methods and crystallised from chloroform, had m. p. 113° (decomp.) and 145° (decomp.), 
respectively, 

Rate Measurements.—The thermostats at $5-0°, 65-3°, and 100-0° could be set to within 
+0-1°. Portions of 10 c.c. of the reaction mixture containing the halide (~0-05m) in the 
appropriate aqueous alkaline medium were enclosed in small, thin-walled, glass tubes, which 
were placed in the thermostat for known times, quickly cooled, and opened. The contents 
were estimated either by the change in alkalinity of the solution, or by titration with silver 
nitrate. In the former method, the tubes were broken under about 100 c.c. of ether, and the 
alkali was titrated with, e.g., 0-1n-hydrochloric acid, phenolphthalein being used as indicator. 
In the latter method, the tubes were broken under ether as before, and to the contents were 
added excess of nitric acid, 10 or 20 c.c. (excess) of a standard solution of silver nitrate, and the 
ferric alum indicator. The excess of silver ions was determined by titration with standard 
ammonium thiocyanate solution. The first method is suitable for hydrolysis in dilute alkaline 
solutions in the presence of comparatively large concentrations of halide ions, and the second 
method is especially applicable to the reactions in concentrated alkaline solutions, For dilute 
alkaline solutions in the absence of added halide ions either method may be used, and in some 
experiments both were employed with concordant results. In order to eliminate error due to 
reaction before the mixtures, which were sealed up at 20°, had reached the temperature of the 
thermostat, an ‘‘ initial ’’ estimation was made on a sample which had been shaken in the 
thermostat for, e.g., 1 minute. The samples used for the other estimations were similarly shaken 
in the thermostat for the same period, the end of which was taken as the zero of time. 

The rate constants, recorded in the tables, are all of the first order and are calculated from the 
formula k, = (1/#)log.{a/(a — x)}, where a is the initial concentration of the halogeno-acid 
and * the decrease in concentration; @ was determined by measuring the asymptotic value 
of x at large times, The initial concentrations of sodium hydroxide in the various experiments 
were obtained by titration of the contents of ‘‘ initial ’’ tubes with standard acid, phenolphthalein 
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being the indicator. The rate constants (k, in sec.-!) are listed in Table I, and some individual 
runs are illustrated in Table II. 


TABLE II. 


Illustrating Determination of First-order Rate Constants. 


(1) Hydrolysis of sodium bromomalonate in dilute aqueous alkali at 100-0°. [NaOH};—o = 0-116n. 
[NaBM] expressed in equivalent c.c. of 0-0500N-NH,CNS per 10 c.c. sample. 


OS EEA 210 300 420 600 780 1020 1320 
[NaBM] .............. 1010 675 5650 425 295 215 1:22 0-70 
Ss cxtcchiniidiakies oe 202 206 205 198 207 202 


(2) Salt effect in the hydrolysis of sodium bromomalonate in dilute aqueous alkali at 100-0°. 
[NaOH}],—0 = 0-0549nN. [NaBr] = 0-500N. [NaBM] expressed in equivalent c.c. of 0-0508N-HCI per 
10 c.c. sample. 


0 300 420 600 780 1380 
9-40 7°35 6-68 5-78 4-98 3-05 
81-9 81-2 81-0 81-3 81-5 


(3) Hydrolysis of sodium bromomalonate in concentrated aqueous alkali at 100-0°. [NaOH];.0 = 
1-02n. [NaBM] expressed in equivalent c.c. of 0-0500N-NH,CNS per 10 c.c. sample. 


EE |_ D 90 210 300 420 600 780 1020 
[NaBM] ..........00. 1020 730 470 340 210 1-10 . ; 
Ie 368 366 376 371 374 


(4) Hydrolysis of sodium a-bromomethylmalonate in dilute aqueous alkali at 65-3°. [NaOH] ~o = 
0-0514N. [NaBMeM] expressed in equivalent c.c. of 0:0466N-NH,CNS per 10 c.c. sample. 


E (BOCK) — cc ccccreccecceese 120 180 240 330 420 540 
[NaBMeM] ............04+ } P 5-12 3-95 3-05 2-10 1-40 0-85 
De vsacencnvesonsnesscns 441 438 436 430 435 430 


(5) Hydrolysis of sodium a-bromomethylmalonate in concentrated aqueous alkali at 65-3°. 
{NaOH};=o0 = 1-01n. [NaBMeM] expressed in equivalent c.c. of 0-0466N-NH,CNS per 10 c.c. sample. 
0 120 240 330 420 
8-80 5-17 3-00 1-93 1-35 
- 443 448 459 . 446 
Str WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
UNIVERSITY COLLEGE, LoNDOoN, W.C. 1. [Received, April 18th, 1940.] 





184. Mechanism of Substitution at a Saturated Carbon Atom. Part XIX. 
A Kinetic Demonstration of the Unimolecular Solvolysis of Alkyl 
Halides. (Section A) Kinetics of, and Salt Effects in, the Hydrolysis 
of tert.-Butyl Bromide in Aqueous Acetone. 


By LEsLiz C. BATEMAN, EDWARD D. HUGHES, and CHRISTOPHER K. INGOLD. 


The statement that both the bimolecular and the unimolecular mechanism of 
substitution require essentially first-order kinetics for substitutions in which the 
reagent is a sufficiently important constituent of the solvent to have a buffered con- 
centration is substantially true for bimolecular substitution (S,2); but for unimolecular 
substitution (Syl) it is only true as a limit, from which large deviations of a highly 
characteristic nature are possible. These deviations arise essentially from the 
reversibility of the rate-determining ionisation. This reversibility gives rise to a 
distinctive type of retardation in what may be a completely irreversible substitution. 
For the same reason those added salts whose anions are identical with that given by 
the alkyl halide will, in contradistinction to all other salts, depress the rate of sub- 
stitution. These special effects are opposite in direction to the general effect, due to 
electrostatic causes, of all electrolytes, which is to increase reaction rate. All these 
influences are capable of quantitative theoretical treatment. The effects which sharply 
distinguish the unimolecular mechanism are expected to vary in intensity with the 
alkyl group in such a way as to require the investigation of a graded series of those 
alkyl halides which, on less direct evidence, are already believed to undergo solvolysis 
by the unimolecular mechanism. 
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In order to provide data for the application of the kinetic criterion mentioned, such 
an investigation is here commenced with the hydrolysis of tevt.-butyl bromide in aqueous 
acetone, at two temperatures and in two acetone—water mixtures, since theory predicts 
quantitatively how the deviations from first-order kinetics should vary with temp- 
erature and solvent composition. The addition of three salts was studied, one 
‘‘common-ion ”’ salt, lithium bromide, and two “ non-common-ion”’ salts, lithium 
chloride and sodium azide. The reason for using sodium azide was that any inter- 
vention by azide ions in the substitution process, in contrast to intervention by 
bromide or chloride ions, leads to a stable substitution product (éert.-butyl azide), 
so that the extent of intervention can be directly checked. Detailed discussion of the 
results is deferred to p. 979. 


Introduction to a Group of Papers. 


Tuis is the first of a small group of connected papers within the main series. The con- 
clusions reached are set out in the fifth and last paper of this internal group (this vol., 
p. 979). We therefore confine our preliminary statement to the general plan underlying 
this section of our work. 

We have repeatedly emphasised the distinction between mechanism and reaction 
order in aliphatic substitution, pointing out that, although bimolecular substitutions are 
usually of second order and unimolecular of first, the correlation is not general. The 
familiar example is that in which the reagent is the solvent, and the usual statement is that, 
as the bimolecular mechanism now requires first-order kinetics, the reaction order provides 
no criterion of mechanism. We are going to consider, however, whether it is not possible 
even in this case to devise a kinetic criterion of mechanism; and we shall find that this is 
possible, because, although it remains true that bimolecular solvolytic substitutions must 
belong to the first-order type, unimolecular solvolytic substitutions need not do so. Our 
conclusion will, indeed, be that it is only under limiting conditions, which in general are 
not satisfied, that unimolecular substitutions should be of first order, and that therefore a 
study of the predictable deviations from this kinetic form provides a highly distinctive 
criterion for the unimolecular mechanism. 

As a simplified illustration let us consider the unimolecular hydrolysis of an alkyl 
chloride in an aqueous solvent. We may suppose, either that the reaction is experimentally 
irreversible, or that, the hydrolysis being reversible, the forward reaction has been kinetic- 
ally isolated from its inverse. The component processes being labelled (1), (2), and (3) as 
follows, 


RCL = R++Cl--SROH+Ht+C- . . . . Gyl) 
(2) 

the usually mentioned condition for first-order kinetics is the rate inequality v,<v5, 
where the v’s are instantaneous rates. However, there is really a second condition; for, 
with v,<v, only, the observed rate is v,v3/(v, + v3); this leads to a complicated time-law, 
which reduces to the first-order law, corresponding to the rate, v,, of ionisation, only if, in 
addition, v.<v,. The nature of the deviations which obtain on removing this second 
restriction can be deduced by application of the mass law. The formula shows that cal- 
culated first-order rate constants should diminish with the progress of reaction, and should 
diminish more steeply the higher the original concentration of the alkyl chloride. Further- 
more the whole rate should be decreased if we add an ionised chloride (but not any other 
ionised salt) initially, because this increases vj, and therefore decreases v,v3/(v, + vs). 
None of these quantitative deductions will apply to the bimolecular mechanism, 


oes ae OS eo ee 


In this case, if the hydrolysis is irreversible or kinetically isolated from its inverse, it should 

proceed at a first-order rate which is uniform, independent of the initial concentration of 
alkyl chloride, and independent of initially added chloride ions. 

The above is an over-simplified description, because in all real cases the varying ionic 

strengths of the solutions cause departure from classical kinetic forms. It can, however, be 

shown both theoretically and experimentally that this universal disturbance is qualitatively 
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opposite to the special deviation which arises under the mass-law in the unimolecu- 
lar mechanism when the limiting situation, represented by v,<v,, does not obtain. 
We shall find that, independently of mechanism, the ionic strength effect leads to cal- 
culated first-order constants which rise with progress of reaction, and rise more steeply 
the higher the initial concentration of alkyl chloride. Moreover, the whole rate should be 
increased by this effect if we add initially either an ionised chloride, or any other ionised 
salt. The only difference between the unimolecular and the bimolecular mechanism is that 
the former should be much more sensitive to these effects than the latter. 

The position is then, that whilst the bimolecular mechanism of hydrolysis requires an 
ionic strength disturbance only, the unimolecular mechanism requires a superposition of 
two opposite disturbances, one of which, the ionic strength effect, is applicable universally, 
whilst the other, the mass-law effect, applies only in those cases in which there is an 
appreciable departure from the limiting situation »,.<v,. The object of these researches 
was to seek the mass-law effect, because it is characteristic for the unimolecular mechanism ; 
and we naturally sought it in examples of a type for which, on other evidence, a uni- 
molecular mechanism had previously been assumed. Amongst these, it was possible to 
indicate in advance the types of alkyl halide in which the mass-law disturbance should be 
weakest and the types in which it should be strongest. As we shall show, the rule is that 
the mass-law effect should increase as we change the alkyl group in such a way as to 
facilitate ionisation of the alkyl halide, e.g., BuYCl< . . .<Ph,CCl, Therefore, if we fill 
intermediate members into such a series, the left-hand members should show the universal 
ionic strength effect in a most nearly pure form, whilst the right-hand members should 
reveal a pronounced, and, with good fortune, dominating, mass-law effect. We shall find 
that in fact the dominance of the mass-law effect occurs at quite an early stage of progress 
through such a series. We need not develop these preliminary considerations further here, 
but it will emerge later that the mass-law effect is definitely distinguishable, not only by its 
direction, and by the special part played amongst ionised salts by those salts whose anions 
are identical with that formed from the alkyl halide, but also by several other criteria, 
qualitative and quantitative. A certain detection of the mass-law effect is an equally 
certain proof of the unimolecular mechanism—a direct kinetic proof, such as we used to 
think it would be difficult to provide for solvolytic reactions. 

With this picture of the situation in mind, a number of parallel investigations were 
instituted on alkyl halides forming a series of the general nature indicated above. For 
experimental reasons we did not go so far as to include triphenylmethy] halides, which are 
inconveniently reactive, but instead introduced alkyl groups in order to increase ionising 
tendency in the benzhydryl series. This gave us all we wanted. The compounds were 


_ (C.H,),CHC] p-Bu”C,HyCHPhCl #-Me-C,HyCHPhCl (p-Me-C,H,),CHCI 


and their investigation is described in the sequel. The reason for the serial order of the two 
monoalkyl benzhydryl chlorides will become clear on reference to a preceding paper (this 
vol., p. 949). 

(2) Kinetics of the Hydrolysis of tert.-Butyl Bromide: 


tert.-Butyl bromide is the simplest case in which to establish the ionic strength effect. 
As ionic strength effects are expected to be more pronounced in not too highly aqueous 
solvents, we used mainly ‘90% ”’ aqueous acetone as solvent, but also, for contrast, 
“70% ”’ aqueous acetone, #.¢e., acetone containing 10 and 30 vols. % of water respectively. 
A much drier acetone solvent than “ 90% ’’ aqueous acetone might (for all that we know at 
present) have caused some departure from the pure unimolecular mechanism; and it 
would certainly have introduced experimental difficulties into the work described in 
section (3). It has been shown before that ¢ert.-butyl halides initially in dilute solution 
(<0-05m) give good first-order rate constants in aqueous solvents; we now used rather 
larger initial concentrations (~0-1m), large enough to bring out the ionic strength effect, 
yet not so large as to render the quantitative theory of the effect (this vol., p. 979) 
unmanageable. 
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Table I shows how the integrated first-order rate constant, ky = (1/t)log.{a/(a—x)} (the 
bar denotes integration), rises steadily with the percentage progress of reaction, which is 
here followed by the development of acidity. An indirect indication is obtained in the next 
section that this rise is an almost pure ionic strength effect. Probably if the mass-law 
effect were entirely absent the drifts illustrated would be very slightly steeper, but this is 
not important in relation to the experimental error. 


TABLE I. 


Integrated First-order Rate Constants (k, in sec!) of Hydrolysis of tert.-Butyl Bromide in 
Aqueous Acetone. 


1) Solvent, ‘‘ 90% ”’ aqueous acetone. Temperature, 50-0°. Initially, [BuYBr] = 0-1056. 
( q 


Time (mins.) .. eee 90 18:0 27:0 40:0 540 72:0 105 135 180 
Bu”OH formed | (%) 99 189 273 389 492 590 744 835 91-6 
1g carinsrecess ceeee 193 194 19:7 20-5 20-5 21:2 21:7 22-2 23-0 


2) Solvent, ‘“‘ 90% ” aqueous acetone. Temperature, 25-0°. Initially, [BuYBr] = 0-1039. 
( 


Time (hrs.) . wee 315 410 620 820 10-00 13-50 183 260 30:8 37:3 43-8 
BuYOH formed 3 (%) 13-7 17-4 26:3 325 385 491 660 740 80-1 86:3 903 
ae ceeeee 1:30 1:30 131 1:34 1:36 140 1-44 1:45 147 149 1-50 


3) Solvent, “‘ 70% ” aqueous acetone. Temperature, 25-0°. Initially, [BuYBr] = 0-1049. 
(3) 


Time (mins.) .. e- 110 320 840 12-50 17:40 23-95 31-30 41-45 52-0 65:9 84-4 
BuvOH formed 5d (%) 34 94 23:0 32:6 42:5 541 640 741 81-9 888 94-1 
iGe.. sans eeeee 52°00 51-5 51-9 52-7 53-1 544 545 547 549 55:3 56-2 


Three runs are recorded because we shall require this amount of illustration in the 
eventual discussion (ibid.). It will appear that the ionic strength effect is distinguished 
by a definite, quantitatively predictable, variation with the temperature and solvent- 
composition ; wherefore a comparison of the kinetic deviations observed under different 
conditions of temperature and solvent-composition affords a means of identifying the effect, 
and of assessing its freedom from other disturbances. 


Special experiments showed that the degree of reversibility of the reaction under all the 
conditions used was below the limits of certain measurement : the proportion of ¢ert.-butyl 
alcohol ultimately produced even in ‘‘ 90% ”’ aqueous acetone was at least 99-8°, of the 
stoicheiometric quantity, and, of course, it must have been still higher in the “70%” 
solvent. The point is not important for this example considered alone, but it becomes 
important in the discussion of mass-law effects, for which tert. -butyl bromide is to be treated 
as the control case. 


(3) Salt Effects in the Hydrolysis of tert.-Butyl Bromide. 


In these experiments we have used “‘ 90%” aqueous acetone throughout, the temper- 
ature being 50-0°. Three neutral salts were investigated, one, lithium bromide, having 
an anion identical with that formed from the alkyl halide; the other two salts were lithium 
chloride and sodium azide. The salt concentrations and the initial concentration of 
tert-butyl bromide were all of order 0-1m. 

The effect of added lithium bromide is illustrated in the upper part of Table II. In 
the first place, the whole rate of reaction, which is again followed by the development of 
acidity, is considerably raised, the initial rate being increased by the factor 1-44. This 
also is a nearly pure ionic strength effect, and we shall find (ibid.) that the increase of 
tate is nearly of the value to be expected on the basis of the deviations from first-order 
kinetics in the absence of added salts. Secondly, the calculated first-order constant is 
steadier than in the absence of the salt. This is attributed in part to the smaller pro- 
portionate change of ionic strength during reaction, and in part to the known limitation 
placed on ionic strength effects in more concentrated solutions by the finite size of the ions. 
Thirdly there is now a small but definite degree of reversibility, the directly measured 
equilibrium ptoportion of tert.-butyl alcohol being 99-5%. In order to correct for this we 
teplace the usual formula, ky = (1/4) log,{a/(a — x)}, for irreversible hydrolysis, by the 
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formula, k,(r) = (1/t) log.{x,,/(x,, — *)}, for a reversible first-order process, because the 
forward reaction is very nearly of first order as shown by the reldtive steadiness of the 
constant ki, and, although we do not know the kinetics of the back-reaction, the pro- 
portionate change in the concentrations of its reactants between complete hydrolysis and 
the equilibrium point is very small. The corrected constants for the “ kinetically isolated ” 
forward reaction are then 0-995 times these composite “‘ reversible’ constants. In the 
present case the correction does not exceed experimental error, but corrected constants, 
k, (corr.), are listed in Table II. 

The effects observed with added lithium chloride are illustrated in the middle part of 
Table II. The position here is somewhat more complicated, and it is necessary to note 
that we again followed hydrolysis by the development of acidity. It will be seen that the 


TABLE II. 


Integrated First-order Rate Constants (k, in sec.) for the Hydrolysis and Total Reaction of 
tert.-Butyl Bromide in the Presence of Salts. Solvent, “90%” Aqueous Acetone. 
Temperature, 50-0°. 

(1) Initially : [BuYBr] = 0-1056, [LiBr] = 0-1065. At equilibrium, BuYOH = 99-6%. 

Time (mins.)......... 60 12-0 27:0 36:0 480 60-0 84-0 

BuYOH formed (%) 96 183 37-4 45:9 56:0 646 76-7 

10°F, (corr.) 27-8 281 29-0 286 287 291 29-1 


(2) Initially : [BuYBr] = 0-1016, [LiCl] = 0-1005. At equilibrium, BuYOH = 100%. 

Time (mins.) ......... 6-00 12:0 19:0 27-0 36-0 480 60:0 780 100 128 180 240 
BuYOH formed (%) 9-1 17-5 26-2 35:0 432 53:7 61-0 69-7 77:8 83-9 89-0 91-7 
LOR, scccessseessseeeee 265 267 267 267 26:0 26-7 26:2 265 24:3 23-2 20:3 166 


(3) Initially : [BuYBr] = 0-1049, [NaN,] = 0-1000. At equilibrium BuYBr destroyed = 100%. 
Time (mins.) ......... 12-0 19-0 27-0 360 480 600 840 110 135 225 

BuYBr destroyed(%) 14:7 26-3 36-5 45-4 555 61:5 73-6 81-9 87-1 97-0 

LOR, ceecesceesssceeeee 26°83 26-5 27-8 27-7 27-3 26-2 26-2 25:3 253 — 

Time (mins.) ......... 6-00 12-0 19-0 27:0 36-0 480 600 840 108 135 210 oo 
BuYOH formed (%) 91 165 248 32-5 393 47:5 549 662 73:0 790 86-5 93-9 
LO%R, cceceesseeeseeeeee 263 25-0 249 242 25-2 24:0 23-8 23-5 22-5 192 157 — 


lithium chloride produces a general increase of rate of the same order of magnitude as that 
caused by lithium bromide; the initial rate is now raised by the factor 1-39. The in- 
tegrated first-order rate constants, as calculated from the formula for irreversible hydrolysis, 
are steady as compared with those obtained in the absence of salts, but towards the close of 
reaction there is a rather marked fall in these constants. No doubt a small part of this fall 
is due to the slight back-reaction we observed with lithium bromide, partly replaced in the 
present case by an analogous interaction between ¢ert.-butyl alcohol and hydrogen chloride. 


But this is not the whole cause, for, if it were, the reaction should cease in approximate 


accordance with an exponential time-law, whereas actually it ceases very much less abruptly. 
We account for this partly on the internal evidence, and partly on.the indirect evidence 
given in the next paragraph. Our conclusion is that, although the ionic strength effect is 
by far the most important kinetic disturbance in the hydrolysis of ¢ert.-butyl bromide, 
anions such as bromide and chloride do intervene in hydrolysis to a small extent. We are 
not here considering the mechanism of the intervention, which might be bimolecular or 
unimolecular; 7.¢., the anion might attack either the ¢ert.-butyl bromide molecule or the 
pre-formed tert.-butyl cation. In either case, bromide ions will regenerate tert.-butyl 
bromide; and, if the mechanism is bimolecular, this will be completely without chemical 
consequences (except such as might be checked by isotopic indicator methods) ; whilst, if 
it is unimolecular, the only result will be a mass-law depression of rate, which we cannot 
hope directly to detect (except possibly by isotopic indicator methods) in the presence of 
the large ionic strength acceleration. On the other hand, chloride ions will produce ¢ert.- 
butyl chloride, which is hydrolysed considerably more slowly than the bromide (the factor 
representing the difference has not been determined, but may be assumed to be about 
33); and we have followed, not the liberation of bromide ions, but the development of 
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acidity, that is, the combined hydrolysis of the ¢ert.-butyl bromide and any ¢ert.-butyl 
chloride formed from it in the course of reaction. The formation of a few units % of tert.- 
butyl chloride would, of course, reduce the total hydrolysis rate considerably when, 
towards the end of reaction, the chloride has become an important constituent of the still 
unhydrolysed alkyl halides. 

The direct intervention of anions can be more simply established by means of experi- 
ments with sodium azide, because #ert.-butyl azide, when once formed, is not hydrolysed 
under the conditions used ; so that, both the total rate of destruction of tert.-butyl bromide, 
and that part of the rate which represents hydrolysis to ¢ert.-butyl alcohol, can be separately 
evaluated by following both the liberation of bromide ions and the development of acidity. — 
Data of this type are shown in the bottom part of Table II. The total decomposition of 
tert.-butyl bromide has again an enhanced rate, the increase being of the same order as the 
increases produced by lithium bromide and lithium chloride. The initial rate is increased 
by the factor 1-40, and the integrated rate constant is again fairly steady. On the other 
hand, the part of the decomposition which results in the production of acidity gives rate 
constants which fall towards the end of reaction more markedly than the corresponding 
constants obtained in the experiments with lithium chloride: indeed the rate falls to zero 
when 94%, of the theoretical quantity of ¢ert.-butyl alcohol has been produced. This means 
that 6% of tert.-butyl azide is formed, and the conclusion that azide ions intervene in 
approximately this proportion right through the reaction is confirmed by a comparison of 
the initial rates obtained by the two methods of measurement; for the absolute initial 
rate as measured by the development of acidity is smaller by about 5% than the corres- 
ponding rate given by the determination of bromide ions. Since we shall show in the 
following papers that the proportions in which chloride, bromide, and azide ions intervene 
in the hydrolysis of other alkyl halides are all roughly of the same order of magnitude (for 
the same alkyl halide and the same concentration of added anions), we are confirmed in our 
conclusion that a few units % of ¢ert.-butyl chloride are formed and subsequently destroyed 
during the hydrolysis of ¢ert.-butyl bromide in the presence of added lithium chloride. 
The above argument is alsv the basis of our assumption that an analogous small intervention 
by bromide ions is present in the hydrolysis with added lithium bromide; and even to a 
still smaller degree in the hydrolysis of ¢ert.-butyl bromide alone, though the methods we 
have used cannot directly detect the effects in these cases. 


EXPERIMENTAL. 


The results having been sufficiently illustrated, this section is restricted to a description of 
methods. Acetone was purified and dried as usual (Conant and Kirner’s method). The “ 90% ” 
aqueous acetone used for many of the experiments was from a single batch containing 99-43 g. of 
water per litre. For some experiments the medium was made up specially by volumes, the 
“90% ” and “70% ”’ aqueous acetone of experiments (2) and (3) of Table I, for example, 
containing 100 and 300 c.c. of water per litre respectively. 

For runs with ¢ert.-butyl bromide in the absence of salts the halide (ca. 1-25 c.c.) was made 
up to’ 100 c.c. with the medium at 0°, and portions (5 c.c.) were separately enclosed in tubes, 
and heated at the required temperature (25-0° or 50-0°). The tubes were then broken under 
acetone (ca. 100 c.c.), and the acidity determined, lacmoid being used as indicator. Initial 
values were determined by shaking the tubes in the thermostat for 1 min., and then estimating 
the acidity, this value and the corresponding time being treated as the zero point of the reaction. 
“Infinity values’ were determined on tubes which had been kept in the thermostat for at 
least 10 times the period of half-change. The degree of reversibility was determined by adding 
to an “‘ infinity tube” an equal volume of water, which rapidly completes hydrolysis if it is 
incomplete at equilibrium. This datum also gave the initial concentration of tert.-butyl bromide. 

Lithium bromide and lithium chloride were dried at 250°, and sodium azide was dried in air 
at 100° and then over phosphoric oxide in a vacuum at room temperature. For the determin- 
ations of hydrolysis alone (acidity development) in the presence of their salts, the procedure was 
that described above, except that in experiments with sodium azide bromothymol-blue was 
used as indicator in place of lacmoid. For the determination of total decomposition of ¢ert.-butyl 
bromide (bromide ion liberation) the tubes were broken under cooled carbon tetrachloride 
(ca. 75 c.c.), and the solution was rapidly extracted twice with ice-cold water (25 c.c.). The 
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aqueous solution was treated with concentrated nitric acid (10 c.c.), ferric alum (as indicator), 
ether (25 c.c.) and standard_silver nitrate solution, the excess of silver ion being determined as 
usual by titration with standard thiocyanate. The nitric acid is added in order to destroy the 
brown colour produced by azide ions and ferric alum. The addition of the ether was found to 
improve the end-point. 


THE Sir WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
University CoLtLecr, Lonpon, W.C. 1. [Received, April 18th, 1940.] 





185. Mechanism of Substitution at a Saturated Carbon Atom. Part XX. 
A Kinetic Demonstration of the Unimolecular Solvolysis of Alkyl 
Halides. (Section B) Kinetics of, and Salt Effects in, the Hydrolysis 
of Benzhydryl Halides in Aqueous Acetone. 


By Mervyn G. CHURCH, Epwarp D. HuGHEs, and CHRISTOPHER K. INGOLD. 


Continuing the investigation on the lines explained in the abstract at the head 
of the preceding papér, a study has been made of the kinetics of hydrolysis of benzhydryl 
chloride and bromide in vatious acetone-water mixtures at various temperatures. 
An examination has been made also of the effect of the added “ salts,” hydrogen, 
lithium, and sodium chlorides, lithium bromide and sodium azide, on the rates of 
reaction. The combined results show that, although the accelerating electrostatic 
effects of ionised salts in general are larger with the benzhydryl halides than with ¢e#t.- 
butyl bromide, the special retarding mass-law effect associated with the unimolecular 
mechanism is also larger, and by a much greater amount, with the consequence that 
the latter effect determines the qualitative results under appropriate conditions. 
Detailed discussion is deferred to p. 979. 


In the present kinetic studies of the hydrolysis of benzhydryl chloride and bromide in 
aqueous acetone, we meet with the first definite, though still not numerically very striking, 
evidence of the presence, and even dominance, of the special mass-law effect belonging to 
the unimolecular mechanism. The mass-law effect acting alone should produce deviations 
from first-order kinetics such that the calculated first-order rate constants fall with the 
progress of reaction. The ionic strength effect, which should produce a progressive rise 
in the calculated constants, such as was observed with ¢ert.-butyl bromide, is inevitably 
present also (and, actually, is larger than with the latter halide); but what we find is a 
partial or complete neutralisation, or even slight over-compensation, of this expected rise 
in the specific rate. On carrying out these hydrolyses in the presence of added salts, we 
observe the large ionic strength acceleration of the decomposition, when the anion 
of the added salt is not identical with the anion formed from the alkyl halide ; but, when it is 
identical, then despite the large ionic strength effect, the veaeinead effect may dominate 
and produce a small depression of rate. 


(1) Kinetics of Hydrolysis of Benzhydryl Chloride and Bromide. 

(a) Benzhydryl Chloride—The hydrolysis of benzhydryl chloride was followed by 
measuring the development of acidity. In quite dilute solution (<0-02mM) in either “ 90% ” 
or “‘ 80% ” aqueous acetone (i.¢., acetone containing either 10 or 20 vols. % of water) the 
hydrolysis obeys the first-order rate law very accurately; and, consistently, the addition 
of an ionised chloride such as sodium chloride in similarly small concentration makes no 
detectable difference to the reaction rate. At higher concentrations (~0-1m), however, 
we find small but systematic departures from the first-order rate law. This is illustrated 
for ‘‘ 90% ”’ aqueous acetone as solvent and for the temperature 50°, by the integrated 
rate constants, k,, of the first run recorded in Table I. The deviations ate in part due to 
the circumstance that, in this solvent and at the concentrations employed, the reaction is 
slightly reversible, the equilibria amount of benzhydrol being 97-8% of the theoretical. 
This hydrolysis is considetably miore strongly reversed than are those of tert.-butyl bromide 
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(preceding paper) or benzhydryl bromide (below) under similar conditions as to solvent, 
temperature and concentration. The reversibility diminishes sharply if we use smaller 
initial concentrations (<0-05m) of benzhydryl chloride, or a more aqueous solvent such 
as “80%,” aqueous acetone, but then the deviations from first-order kinetics shown by the 
forward reaction also diminish. As these deviations are not very large and the degree of 
reversibility is small, we can correct for reversibility, and exhibit the kinetics of the isolated 
forward reaction, by the approximate method indicated in the preceding paper: the usual 
formula, k, = (1/t) log{a/(a — - x)}, is changed to k,(r) = (1/t) log {x0 /(xeo — x)}, and 
then k, deine: ) is taken as 0-978 k,(r). These corrected constants are also tabulated, and it 
can be seen that their relative rise during the progress of reaction is little more than half 
as steep as the relative rise of the constants for ¢ert.-butyl bromide. 

According to the theory that this diminished rise in the constants represents a partial 
compensation of the ionic strength effect by a superposed mass-law effect, the rise should 
be still further reduced if we work in more aqueous solvents. For it is shown experimentally 
in the preceding paper and in Section (2) of this paper (the theoretical reason is given later— 
this vol., p. 979) that the ionic strength effect, although fot very sensitive to moderate 
changes of temperature, is very sensitive to the water content of the solvent, and is much 
diminished in more aqueous solvents. On the other hand, the mass-law effect is probably 
not very sensitive to the solvent changes contemplated, because we shall see that, in the 
case in which this effect was studied in greatest detail, it was found to be quite insensitive 
to such changes (ibid.). It follows that, as we pass to more aqueous solvents, 
the ionic strength effect will be considerably reduced whilst the opposing mass-law effect 
will be relatively little altered, wherefore the balance in favour of the ionic strength effect 
will be reduced. This has been found, and is illustrated in the second run of Table I, which 
refers to ““ 80% ”’ aqueous acetone at 25° (the reduction of temperature was necessary to 
permit accurate measurement because the rates are higher in more aqueous solvents). 
The reaction is now completely irreversible. It will be seen that the constants, k,, are now 
almost steady, evidently because, in this solvent, the opposing effects nearly compensate 
each other. We shall later account quantitatively for the difference between the kinetics 
of the reaction in the two solvents (bid.). 


TABLE I, 


‘meses First-order Rate Constants (k, in sec. 1) of Hydrolysis of Benzhydryl Chloride and 
Bromide (RCl and RBr) im Aqueous Acetone. 


(a) Benzhydryl Chloride. 

(1) Solvent, ‘‘ 90% ’’ aqueous acetone; temperature, 50-0°. Initially, [RCI] = 0-0968. At equi- 
librium, ROH = cm? 7 
Time (mins.) .. dcisebdeede dsc) eee 60-0 105 135 195 246 360 
ROH formed (%) oncenkeesacs ...5Omm 19-5 31-7 39-5 50-4 61-5 76-0 
lie. ‘dixipoxs ee 6-03 6-04 6-00 6-19 6-49 6-58 
105%, (corr.) . STO 6-05 6-07 6-05 6-30 6-67 6-83 

(2) Solvent, ‘‘ 80% ” aqueous acetone; temperature, 25-0°. Initially, [RCI] = 0-1015. At equi- 
librium, ROH = wind 
Time (mins.) .. sacbep sconce: | mae 55-9 80-9 110 141 176 219 
ROH formed (%) cboceresccce . Bare 21-8 30-0 28-0 46-2 53-5 62-0 
ee ecescscsebcce Oe 7-32 7-34 7-24 7-32 7-35 7-36 


(b) Benzhydryl Bromide. 


(3) Solvent, ‘‘ 80% ’ aqueous acetome; temperature, 25-0°. Initially, [RBr] = 0-1001. At equi- 
librium, ROH = ies 


Time (mins.) .. ecocesgenccs, ae 3-25 4-50 5-00 10-5 13-0 16-5 21-0 
ROH formed (%) ssctvoccsecs BGS 28-6 38-0 46-2 65-7 73-8 80-8 88-1 
WOR, seccosess eoee . 178 173 174 172 169 172 167 170 


(b) Benzhydryl Bromide. —In “ 90% ” aqueous acetone at 50°, benzhydryl bromide is 
hydrolysed about 30 times faster than the chloride. The hydrolysis of the bromide, as 
measured by the development of acidity, is not detectably reversible, even with an initial 

3T 
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concentration of 0-Im. In very dilute solution the reaction follows the first-order law 
accurately, and with an initial concentration as high as 0-1m the deviations are still very 
small, as is illustrated in the third run in Table I. Reviewing the whole of the evidence, 
including that which relates to the effect of added salts, we believe this to indicate, not an 
absence of disturbances, but an approximate compensation of the ionic strength and mass- 
law effects, each of which is considerable. The conditions of the hydrolysis mentioned 
are those under which the first-order rate constants for the hydrolysis of benzhydryl 
chloride rose with the progress of reaction; and, as we shall show (Section 2), by reference 
to the influence of those salts which have not an anion in common with the halide, that 
ionic strength effects are at least as great for benzhydryl bromide as for the chloride, the 
steady rate constant for benzhydryl bromide means that the mass-law effect of the developed 
bromide ions must be greater than that of the chloride ions formed in the hydrolyses of 
benzhydryl chloride. This difference between bromide and chloride appears again when 
we consider the influence of added salts which have an anion in common with the halide 
(Section 2). 


(2) Salt Effects in the Hydrolyses of Benzhydryl Chloride and Bromide. 


(a) Benzhydryl Chloride.—Three salts have been used, sodium chloride, lithium bromide, 
and sodium azide. ‘he last two, whose anions are different from that of the alkyl halide, 
increase the initial rate of reaction. The experiments with salts in 0-1m-concentration in 
“90% ” aqueous acetone at 50° can be compared directly with corresponding experiments 
on the hydrolysis of tert.-butyl bromide in the presence of lithium chloride and sodium 
azide, which also have anions different from that of the alkyl halide. We find that the 
factor by which the initial rate is increased is considerably greater for benzhydryl chloride 
than for ¢ert.-butyl bromide, the mean factor being 1-93 for the former halide and 1-39 for 
the latter. We interpret these increases of rate as an effect of ionic strength, and shall 
advance a reason later showing why the effect is greater for benzhydryl chloride (and, 
indeed, throughout the series of simple and substituted benzhydryl halides) than for 
tert-butyl bromide (ibid.). It has already been observed that ionic strength effects 
are characterised by a strong solvent influence, being much reduced in more aqueous 
solvents. As a further illustration we may note that, whilst in “‘ 90% ’’ aqueous acetone 
at 50° the initial rate of reaction of benzhydryl chloride is increased by the factor 2-13 in 
the presence of 0-1M-sodium azide, the same concentration of the salt in “ 70% ”’ aqueous 
acetone at 25° increases the reaction rate only by the factor 1-31. We shall account 
quantitatively for the difference later (sbid.). 

In marked contrast to the accelerating effects produced by salts other than chlorides, 
added sodium chloride and hydrogen chloride slightly reduced the rate of hydrolysis of 
benzhydryl chloride. In ‘‘ 80%” aqueous acetone at 25° the initial rate was changed by 
0-02m-sodium chloride by the factor 0-97, and by 0-1m-hydrogen chloride by the factor 
0-93. This is interpreted—and the interpretation will later be made quantitative—as a 
mass-law effect due to the identity of the added anion with the anion of the alkyl 
halide, the retarding influence being rather more than sufficient to neutralise the general 
accelerating effect of salinity. 

The details of a number of experiments are shown in Table II. In the run with lithium 
bromide in ‘‘ 90% ” aqueous acetone at 50°, the reaction was followed by the development 
of acidity: this measures the total decomposition of the original benzhydryl chloride, 
since any benzhydryl bromide formed from it by the intervention of bromide ions would 
be so rapidly hydrolysed that its formation would be kinetically indistinguishable from an 
equivalent amount of direct hydrolysis of the chloride. The reaction is perceptibly revers- 
ible and a correction for reversibility is applied to the constants by the method already 
described. The constants are very uniform owing to the partial buffering of the ionic 
strength, and to the relatively small nett effect of the developed hydrogen chloride. 

The second run recorded in Table II relates to an experiment with added 0-1m-sodium 
azide in 90% aqueous acetone at 50°. The special interest of the use of this salt is that 
any intervention by azide ions produces benzhydry] azide, which is not hydrolysed and can 
therefore be directly estimated. We have followed the development of chloride ions, #.e., 
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the total decomposition of benzhydryl chloride, and have also determined the proportions 
in which benzhydrol and benzhydryl azide are present in the product by a combination of 
measurements of the chloride ion and of the acidity. Contrary to our experience with 
tert-butyl bromide, we find that azide ions intervene to a large extent in the hydrolysis of 
benzhydryl chloride, some 34% of benzhydryl azide being present in the final product. 
This explains why, in contrast to the experiments with ¢ert.-butyl bromide and sodium 
azide, and also in contrast to the hydrolysis of benzhydryl chloride in the presence of 
lithium bromide, the rate constants for the total decomposition of benzhydryl chloride in 
the presence of sodium azide fall markedly with the progress of reaction. The reason is 
evidently that the extensive intervention by azide ions to-form a stable product is progress- 
ively replacing an accelerating salt (sodium azide) by a retarding salt (sodium chloride). In 
the case of tert.-butyl bromide and sodium azide the intervention is not extensive, and in 
that of benzhydryl chloride and lithium bromide intervention does not form a stable 
product, so that the added salt does not disappear. 

The third and fourth runs illustrate the effect of sodium chloride and hydrogen chloride 
on the hydrolysis in ‘‘ 80% ” aqueous acetone at 25°. The constants are uniform, just 
as they are in the above-mentioned experiment with lithium bromide, and for substantially. 
the same reasons. 


TABLE II. 


Integrated First-order Rate Constants (k, in sec.+) of Hydrolysis and Total Reaction of Benz- 
hydryl Chloride (RCl) and Benzhydryl Bromide (RBr) in the Presence of Salts. 


(a) Benzhydryl Chloride. 
(i) Solvent, ‘‘ 90% ”’ aqueous acetone. Temperaiure, 50-0°. 
(1) Initially, [RCI] = 0-0979, [LiBr] = 0-0964. At equilibrium, ROH = 97-56%. 
Time (mins.) 12-0 30 45 60 80 105 180 
ROH formed (%) .... 7-1 16-0 24-2 30-5 39-0 47-9 66-3 
ee ner 10-1 10-6 10-5 10-7 10-8 10-7 


10°, (corr.) 10-2 101 107 105 108 109 10-9 


(2) Initially, [RCI] = 0-0915, [NaN,] = 0-1009. At equilibrium, RCI destroyed = 100%. 

Time (mins. 15 30 60 90 135 240 330 510 
RCI destroyed (%)... 10-6 19-3 34-5 44-2 54-5 69-8 78-1 87-8 
he 1) siccccstsccstcoses §=IDSG 12-0 11-7 10-8 9-7 8-3 7-6 6-8 

(ii) Solvent, ‘* 80% ” aqueous acetone. Temperature, 25-0°. 

(3) Initially, [RCI] = 0-0169, [NaCl] = 0-0190. At equilibrium, ROH = 100-0%. 

Time (mins.) ......... 17-9 37-9 86-8 112 142 172 245 362 
ROH formed (%) ...  7°5 15-1 31-5 38-3 46-0 52-4 65-1 71-9 
WE, © cnninvmands' 09EE 7-21 7-25 7-20 7-23 7-21 7-20 7-25 


(4) Initially, [RCI] = 0-0995, [HCI] = 0-0955. At equilibrium, ROH = 100%. 
Time (mins.) 33-0 560 110 141 176 219 435 
ROH formed (%) ... 5 130 208 365 437 £510 6593 83-9 
105k, b ses eees 7-04 6-95 6-87 6-79 6-76 6-85 6-98 
(b) Benzhydryl Bromide. 
(i) Solvent, “‘ 90%” aqueous acetone. Temperature, 50-0°. 
(5) Initially, [RBr] = 0-0974, [NaN,] = 0-1007. At equilibrium, RBr destroyed = 100%. 
3°25 6-00 11-00 18-0 22-0 27-0 
46-0 64-9 81-0 91-0 94-4 96-9 
OF a... neaseceaseseene ons. Se 317 290 352 225 218 211 
Note.—The last three readings of Expt. 2 are affected by a partial precipitation of sodium chloride. 
a A rag effect of this is to render the calculated constants corresponding to these readings a little 
(b) Benzhydryl Bromide——We have studied the hydrolysis of this substance in the 
presence of salts in ‘‘ 90% ” aqueous acetone at 50°. The salts used were lithium bromide 
and sodium azide. We did not closely investigate the action of any ionised chlorides, 
because anion intervention, which preliminary experiments showed to be considerable, 
produces benzhydryl chloride, which is hydrolysed more slowly than the original bromide, 
so that the developed acidity measures no simple process, but only a combination of 
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consetutive hydrolyses in shifting proportions; and the estimation of developed bromide 
ions, which would have measured the total rate of destruction of the original alkyl halide, 
is not sufficiently simple in the presence of chloride ions. 

Under the conditions mentioned, 0-lm-sodium azide increased the initial rate of 
decomposition of benzhydryl bromide by the factor 2-07, which is slightly greater than the 
corresponding factor expressing the effect of the same salt on the reaction rate for benz- 
hydryl chloride. We shall find that a small difference in the observed direction would be 
expected theoretically (ibid.). 

Lithium bromide, which, having no ion in common with benzhydryl chloride, accelerated 
its hydrolysis, retards the hydrolysis of benzhydryl bromide, consistently with the idea 
that this and similar retardations are due to the over-compensation of the normal 
accelerating effect of salts by a mass-law effect which can arise only when the alkyl halide 
and the salt have a common anion. With the salt in 0-1m-concentration the initial rate 
was decreased by the factor 0-80, and this represents a considerably larger retardation than 
that produced by chlorides on the hydrolysis of benzhydryl chloride. 

The reaction with added sodium azide is illustrated in the fifth run of Table II. The 
integrated first-order constants representing the total rate of destruction of the alkyl 
halide fall with progress of reaction owing to the large degree of intervention by the azide 
ions, and the consequential replacement of the accelerating salt, sodium azide, by the 
retarding salt, sodium bromide. The extent of this intervention is measured by the 
observation that the final product contained 34-5% of benzhydry]l azide. 


EXPERIMENTAL. 


The methods are generally similar to those of the experiments described in the preceding paper. 

We record a few additional first-order constants (fk, or k,° in sec.-!) relating to the 
initial rate of hydrolysis of benzhydryl chloride (RCl) and benzhydryl bromide (RBr) in various 
solvents, with or without added salts. The third and fourth of the following series directly 
measure the salt effect of sodium azide on the hydrolysis of benzhydryl chloride in “ 70% ” 
aqueous acetone at 25°. The rate constant for the fourth experiment is that of the total 
reaction of the benzhydryl chloride, as measured by the liberation of chloride ions. The fifth 
experiment, in conjunction with the third of those recorded in Table I, measures the salt effect 
of lithium bromide on the hydrolysis of benzhydryl bromide in “ 90% ”’ aqueous acetone at 50° : 


(1) ‘‘ 90% ” Aqueous acetone at 25°; initially [RCI] = 0-0182.... 105%, = 0-460* 
(2) “80%” ,, O°; ns » =001799.... 10%, = 0-282 
(3) “ 70% ” [RCI] = 01143... . 1052, = 32-0 
(4) 4, ,, = 0°1110, [NaN,] = 0-0999 = c 
105%, = 41-8 
(5) “90%”  ,, a ; ,, [RBr] = 0-1042, [LiBr] = 0-1013 = c 
= 161 


In connexion with all the experiments involving sodium azide it was necessary to prove (i) 
that benzhydryl azide is not hydrolysed, and (ii) that benzhydrol is not “ esterified’ by 
hydrazoic acid, under the conditions of the experiments. The first point was established by the 
constancy of the “ infinity ” values for the development of acidity. The second was settled by 
special experiments in which benzhydrol and hydrazoic acid replaced respectively the benzhydry] 
halide and the sodium azide of the hydrolytic runs: determinations of acidity over periods of 


time sufficient to complete the corresponding hydrolyses showed that no esterification was 
taking place. 


The material of this paper originated in preliminary measurements which were carried out 
by Dr. N. A. Taher in these Laboratories in 1937. These were the first observations to suggest 
to us that the mass-law (“‘ common-ion ”’) effect in the unimolecular mechanism could be observed 
with ease in certain cases. 


THE Sir WiLt1AM RAMSAY AND RALPH FORSTER LABORATORIES, 
University CoLLEGE, Lonpon, W.C. 1. [Received, April 18th, 1940.] 
* The medium used in this experiment was part of a different batch from that employed for the 


comparative experiments, recorded in the introduction, on benzhydryl chloride in “‘ 90% ”’ aqueous 
acetone, with or without added salts. 
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186. Mechanism of Substitution at a Saturated Carbon Atom. Part XXI. 
A Kinetic Demonstration of the Unimolecular Solvolysis of Alkyl 
Halides. (Section C) Kinetics of, and Salt Effects in, the Hydrolysis 
of p-Monoalkylbenzhydryl Halides in Aqueous Acetone. 


By MERvyn G. CHURCH, EDWARD D. HUGHES, CHRISTOPHER K. INGOLD, and 
NAZEER AHMED TAHER. 


In a further investigation in accordance with the scheme explained in the abstract 
on p. 960, the kinetics of the hydrolysis of p-tert.-butylbenzylhydryl and p-methyl- 
benzhydryl chlorides in acetone—water mixtures have been studied. These compounds 
show relatively strong deviations from first-order kinetics, of the kind attributable to 
the special mass-law effect associated with the unimolecular mechanism. The influence 
of added “ salts ’’, such as hydrogen and sodium chloride, lithium bromide and sodium 
azide, on the reaction rate also shows the importance of this mass-law effect. Taken 
altogether, the experiments show that, although the accelerating electrostatic effect 
of electrolytes in general is larger with these alkylbenzhydryl halides than with simple 
benzhydryl halides, the retarding mass-law effect, which distinguishes the uni- 
molecular mechanism, is larger by a greater margin, and therefore controls the 
qualitative results more strikingly and over a wider range of conditions. Detailed 
discussion is deferred to p. 979. 2 


IN this paper we record experiments on the kinetic form of the hydrolysis in aqueous acetone 
of the two monoalkyl compounds, p-tert.-butyl- and p-methyl-benzhydryl chloride, as well 
as on the effects of various salts on the rate of reaction. In ‘‘ 90% ” aqueous acetone the 
opposing ionic strength and mass-law effects would appear to be of the same order of 
magnitude, as the deviations from the kinetic form of the first-order rate law are relatively 
small. In ‘‘ 80%” aqueous acetone, however, the ionic strength effect becomes reduced 
(preceding two papers), and now the mass-law effect dominates strongly for both alkyl 
chlorides. The predominance of the mass-law effect is greater for the alkylbenzhydryl 
chlorides than for unsubstituted benzhydryl chloride, and greater for the methyl than for 
the tert.-butyl compound. Consistently with the previous paper we find that, whilst 
salinity in general increases the reaction rate, the addition of ionised chlorides decreases it. 
Under comparable conditions the depressions of rate produced by added chlorides are more 
marked than for unsubstituted benzhydryl chloride (preceding paper), and more marked 
for the ~-methy] than for the p-tert.-butyl derivative. 


(1) Kinetics of Hydrolysis of p-tert.-Butyl- and p-Methyl-benzhydryl Chloride. 

(a) p-tert.-Butylbenzhydryl Chloride—In very dilute solution (<0-02m) in either 
“90% ” or “ 80% ” aqueous acetone (acetone containing 10 or 20 vols. % of water), this 
compound is hydrolysed completely, and the reaction accurately follows the first-order 
rate law. In somewhat more concentrated solution (e.g., 0-05m) in “‘ 90%” aqueous 
acetone, the hydrolysis is still substantially irreversible, the equilibrium proportion of 
p-tert.-butylbenzhydrol being at least 99-8%, but the integrated first-order rate constants 
rise slowly with the progress of reaction. An experiment illustrating this is included in 
Table I. In “ 80% ”’ aqueous acetone the hydrolysis is quite irreversible, even with an 
initial concentration of alkyl halide as high as 0-1m; but now the integrated first-order 
constants fall considerably as the reaction progresses. This is exemplified in the second 
experiment in Table I. 

(b) p-Methylbenzhydryl Chloride.—At great dilutions (< 0-02m) the hydrolysis of this 
substance follows the first-order rate law very exactly in both “90%” and “80%” 
aqueous acetone. At larger concentrations the first-order rate law is still approximately 
obeyed in the ‘‘ 90%” solvent, but in the “ 80% ”’ solvent it is not, the first-order rate 
constants now falling rather steeply with the progress of reaction, as illustrated in the 
third experiment of Table I, notwithstanding that the reaction is quite irreversible 
under these conditions. The results for benzhydryl chloride and its #-tert.-butyl and 
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p-methyl] derivatives are consistent : in the ‘‘ 90%”’ solvent in which the first-order rate 
constants for the first rise strongly, those of the second rise slightly, and those of the third 
remain nearly steady; and in the ‘‘ 80%” solvent for which the constants of the first 
remain steady, those of the second fall, and those of the third fall more steeply. This 
agrees with the idea of an ionic strength effect which diminishes from ‘‘ 90% ”’ to “ 80% ” 
aqueous acetone, and a mass-law effect which increases from benzhydryl chloride through 
its tert.-butyl to its methyl derivative. 
TABLE I, 


Integrated First-order Rate Constants (k, in sec.) of Hydrolysis of p-tert.-Butyl- and 
p-Methyl-benzhydryl Chloride in Aqueous Acetone. 
(a) p-tert.-Butylbenzhydryl Chloride. 
(1) Solvent, ‘‘ 90% ” aqueous acetone; temperature, 50-0°; initially, [Bu C.Hy CHPhCl] = 0-0471. 


Time (mins.) .. npnpenneen ° . 24-0 36-0 45-0 55-0 
ROH formed (%) : P 55-5 69-9 78-2 82-9 


SE bvciescce pe csccepece , . 55-5 55-8 56-9 57-6 


(2) Solvent, ‘‘ 80% ’’ aqueous acetone; temperature, 25-0°; initially, [Bu”*C,H,CHPhCl] = 0-0794. 
q 


Time (mins.) .. onbaisece {jae 5-58 13-45 17-5 22-5 35-0 
ROH formed (%) . 21-7 43-5 61-7 60-5 76-3 


__, eel caves ecepee , 73-0 70-5 68-5 68-8 68-5 


(b) p-Methylbenzhydryl Chloride. 
(3) Solvent, ‘‘ 80% ” aqueous acetone; temperature, 25-0°; initially, [Me-C,H,-CHPhCI] = 0-1005. 


Time (mins.) ........c00c00008 0°55 3-62 5:37 763 1009 14-4 18-9 
ROH formed (%) 25-5 35-1 44-5 53-5 64-9 73-9 
TE ‘ansitinsediesdiunsitaslieith 136 135 129 127 122 118 


(2) Salt Effects in the Hydrolysis of p-tert.-Butylbenzhydryl Chloride and 
p-Methylbenzhydryl Chloride. 


(a) p-tert.-Butylbenzhydryl Chloride.—Comparisons have been carried out in ‘ 90%” 
aqueous acetone at 50°, and in ‘“‘ 80% ”’ aqueous acetone at 25°. Under the first-named 
conditions ionic strength effects were observed with lithium bromide and sodium azide, 
which in 0-1M-concentration increased the initial rate of the total reaction by the factors 
1-95 and 2-88 respectively. These factors are substantially greater than those which 
represent the effect of the same two salts on the initial rate of reaction of unsubstituted 
benzhydryl chloride. In the case of sodium azide the effect of halving the concentration 
of the salt was examined: this reduced the factor by which the initial rate is increased 
from 2-88 to 1-70. It will be noticed that the former factor is equal to the square of the 
latter, and this is in accordance with the theory of the ionic strength effect given in the next 
paper but one. Using ‘‘ 80% ” aqueous acetone as solvent, we have examined the effect of 
sodium chloride: in 0-1mM-concentration this reduces the initial rate of hydrolysis by the 
factor 0-75, the mass-law effect due to the anion common to the salt and the alkyl halide 
overcoming the normal acceleration due to salinity. 

The details are illustrated in Table II. In the experiment with lithium bromide in 
“90% ”’ aqueous acetone we have applied the small correction for reversibility. The 
constants are fairly steady : as we have reduced the initial concentration of alkyl halide to 
about 0-05m in all these experiments, the ionic strength is on the whole better buffered by 
the added salts than in the corresponding experiments of the two preceding papers. In the 
experiments with sodium azide the fall in the integrated first-order rate constants for the 
total reaction indicated a large intervention by azide ions, leading to an extensive replace- 
ment of sodium azide by sodium chloride as reaction progresses. The results of direct 
measurement of this intervention are shown in run 2. Taking account of the dependence 
of the rate of intervention on concentration (following paper), it can be shown that the 
data represent a perceptible increase of intervention over that found for unsubstituted 
benzhydryl chloride, This is what we should expect from our knowledge that the p-tert.- 
butyl substituent causes an increased mass-law retardation of hydrolysis, which we 
interpret as due to an analogous intervention of chloride ions. 
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e TABLE II. 
: Integrated First-order Rate Constants (k, in sec.) of Hydrolysis and Total Reaction of 
3 p-tert.-Butylbenzhydryl Chloride (RCI) in Aqueous Acetone in the Presence of Salts, 
% (A) Solvent, ‘‘ 90% ” aqueous acetone ; temp., 50-0°. 
h (1) Initially, [RCI] = 0-0478, [LiBr] = 0-1035. At equilibrium, ROH = 98-7%. 
Time (mins.) .. 15 30 65 120 150 19:0 240 30:0 39-0 
ROH formed (%) ... 10-0 184 341 53-8 62:0 680 76:0 83-8 88-2 
avdoneeee 107 107 106 «#107 «©1107 «6106 $102) 105 96 
(2) citiine [RCI] = 0-0483, [NaN,] = 0-0501. At equilibrium, RCI destroyed = 100%. 
Time (mins.)......... 50 80 165 190 240 29:0 360 45:0 60-0 90-0 
RCl 1 destroyed (%) 21-1 32-4 53-2 60-2 67:0 73:3 77-7 842 92:0 93-9 
10°, 940 cenege 87-5 84:7 81-7 775 73:2 70:1 645 60-2 593 51:8 
Time (mins.) .. 30 60 105 15:0 20:0 27-5 35:0 50:0 70-0 105 ow 
ROH formed (%) ..- 73 152 251 33:0 39:5 460 500 57:5 62:3 67:0 66-7 
Total reaction (%) 10 20 40 60 80 100 
Propor-f/ROH (%) 60- 61° 62 63 64 645 
tions \RN,(%) 40 39 38 37 36 355 
(3) Initially, [RCI] = 0-0466, [NaN,] = 0-1000. At equilibrium, RCI destroyed = 100%. 
Time (mins.)......... 15 31 60 80 120 150 19:0 240 29:0 360 45-0 600 
RCI 1 destroyed (%) 120 23-6 33:1 460 576 630 70-4 760 81-9 896 90-8 93-2 
1O5R, ceeccceeeseeeeeeee 143 146 132 128 120 111 107° 100 97 83 88 75 
(B) Solvent, ‘‘ 80% ” aqueous acetone ; temp., 25-0°. 
(4) Initially, [RCI] = 0-0825, [NaCl] = 0-1000. At equilibrium, ROH = 100%. 
Time (mins.)......... 11 26 35 57 80 106 143 179 229 35-0 
ROH formed (%)... 3-0 6-9 94 145 20-2 25:8 32-0 39:0 47:2 58-5 
15h, csseessseesseeeeee 47°7 463 468 458 468 469 45-9 45:9 46:4 44:8 
od (b) p-Methylbenzhydryl Chloride.—This example was investigated less fully than the 
) preceding one because the change of structure is comparatively slight and the effect of a 
ed more drastic change in the same direction was being studied (following paper). Using 
de, “80% "’ aqueous acetone at 25°, conditions under which hydrolysis is not perceptibly 
Ors reversible, we found that added sodium chloride and added hydrogen chloride produced 
ich diminutions of rate agreeing approximately in magnitude with the deviation from first- 
ted order kinetics which was observed in the hydrolysis of #-methylbenzhydryl chloride 
on without added substances. Typical experiments are recorded in Table III. 
3€ 
vo TaBLe III. 
ex a 
of Integrated First-order Rate Constants (k, in sec.') of Hydrolysis of p-Methylbenzhydryl 
the Chloride (RCI) in “ 80% ” Aqueous Acetone at 25-0° in the Presence of Chlorides. : 
ide (1) Initially, [RCI] = 0-0355, [NaCl] = 0-0365. 
; Time (mins.) .............5 110 235 370 650 810 Il 15-2 
» In ROH formed (%6) oss 7-6 15-2 23-6 33-3 43-6 54-8 66-0 
[he 10°, phbehb tedivecebmenasrapas. 190 118 120 122 118 119 118 
2 to (2) Initially, [RCI] = 0-0314, [HCI] = 0-0385. 
by Time (mins.) ............... 14 2-4 3-7 5-6 80 lll 152 203 
the ROH formed. (%0) erren 10-1 16-2 24-8 34-5 45-5 57-3 68-3 17-9 
the Ds: sib édisnedasveriiensieg S88 123 128 126 126 128 127 123 
uce- 
rect EXPERIMENTAL. 
nce p-Methyl- and /-er/.-butyl-benzhydryl chlorides were prepared as described in an 
the accompanying paper (this vol., p. 949). 
ited The kinetic methods and auxiliary experiments were similar to those described in the two 
ert.- immediately preceding papers (this vol., pp. 960 and 966). 
we Two additional rate constants seem worth recording, one to show the effect of solvent com- 


position on the rate of hydrolysis of p-methylbenzhydryl chloride (RCl), and the other to illustrate 
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the relatively small dependence on salt concentration of the effect of added hydrogen chloride on 
the rate of this hydrolysis. As was shown in the experiments with sodium azide, the ionic 
strength effect is largely dependent on the salt concentration; and so also is the mass-law effect, 
as was illustrated by the proportion of intervention by azide ions. These two effects lead to a 
relatively small nett effect of concentration where, as in the case of added chloride ions, they 
both occur together. The rate constants [k, and k, in sec.-!] are given below together with 
data for comparison. 


“90% ”’ ’ Aqueous acetone, 25-0°; initially, [RCI] = 0-0160 ..........ccceecseceeereseeeee 10825 = 9-46 
— a - é EE ‘hic ccauttninmnetatbanercktiie » = 187 

1 ma = 0-1005 .......... a = 160 

am * = 0-0314, [HCI] = 0-0385 =c... 105, = 126 

ye es = 0-0854, [HCI] = 0-0950 = c. » =117 


THE SiR WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
UNIVERSITY COLLEGE, Lonpon, W.C. 1. [Received, April 18th, 1940.] 





187. Mechanism of Substitution at a Saturated Carbon Atom. Part 
XXII.. A Kinetic Demonstration of the Unimolecular Solvolysis of 
Alkyl Halides. (Section D) Kinetics of, and Salt Effects in, the 
Hydrolysis of pp’-Dimethylbenzhydryl Chloride in Aqueous Acetone. 


By LeEs.tiE C. BATEMAN, Epwarp D. HuGHEs, and CHRISTOPHER K. INGOLD. 


Still following the lines of the abstract on p. 960, the kinetics of the hydrolysis of 
pp'-dimethylbenzhydryl chloride have been studied in a range of acetone—water 
mixtures. So strong in this example is the mass-law effect arising from the uni- 
molecular mechanism, that even in solutions of considerable dilution the kinetics bear 
no resemblance to first-order kinetics. The effect of adding an ionised chloride is on 
a corresponding scale: whilst salts other than chlorides raise the reaction rate, 
chlorides depress it strongly. A special study has been made of the extent to which 
added azide ions intervene in the decomposition, side-tracking the hydrolytic process. 
The extent is found to be independent of the alkyl halide concentration, independent 
of the proportion of water in the medium over the range 10—50 vols. %, but dependent 
on the concentration of azide ions. Conclusions are drawn concerning the 
molecularities of the competing processes. Detailed discussion is reserved to p. 979. 


IN this final example, the hydrolysis of p’-dimethylbenzhydry] chloride in aqueous acetone, 
we find mass-law effects displayed much more prominently than in the hydrolysis of any of 
the alkyl halides discussed in the preceding papers. This has permitted the investigation 
of certain matters of detail, in relation both to the kinetic form of hydrolysis and to the 
effect of added salts on the reaction rate. 


(1) Kinetic Form of Hydrolysis. 


Even at low concentrations, at which the Previously described hydrolyses follow the 
first-order rate law more or less accurately in ‘“‘ 90—80%”’ aqueous acetone (acetone 
containing 10—20 vols. % of water), this hydrolysis exhibits appreciable deviations ; and 
in the still fairly small concentrations, 0-04—0-05m, its kinetics show no resemblance at all 
to first-order kinetics, the calculated instantaneous first-order constants dropping to less 
than half their initial values before the reactions have proceeded half-way, although in all 
the solvents this hydrolysis is quite irreversible. 

As the hydrolyses are rather rapid, we have studied them at 0°, and in “ 90% ”’, “ 85%” 
and ‘‘ 80% ”’ aqueous acetone. The accuracy of measurement decreases in the order of 
naming the solvents, because the hydrolyses become successively faster; but we have 
taken particular care to trace the kinetic forms of the reaction as exactly as possible, 
because in the next paper we shall account for these quantitatively, and derive conclusions 
concerning the life history of the intermediate alkyl cation ; we shall also treat the differences 
between one solvent and another in a quantitative manner. In Table I we record three 
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illustrative runs, one for each solvent; the recorded runs are well confirmed, and were 
carried out after considerable experience of the best ways of starting and stopping the 
reactions sharply and with the least possible thermal disturbance. As heretofore, we 
tabulate integrated first-order rate constants, ky rather than instantaneous constants, 
k,, although the former, because of the averaging effect of integration, show the kinetic 
deviations in a less striking manner; our reason is the usual one, viz., that integrated 
constants are exactly determined by the experimental observations, and do not involve 
the arbitrary element which is difficult to avoid completely in the graphical smoothing 
necessary for the estimation of instantaneous rate constants. The important qualitative 
points are that the integrated constants fall steadily throughout reaction (#.e., without 
passing through a maximum or minimum), and fall relatively more sharply in more aqueous 
solvents. 
TABLE I. 


Integrated First-order Rate Constants (ky in sec.-1) of Hydrolysis of pp’-Dimethylbenzhydryl 
Chloride (RCl) in Aqueous Acetone at 0-0°. 


(1) Solvent, ‘‘ 90% ”’ aqueous acetone. Initially, [RCI] = 0-0463. 


Time (mins.) esescoee GD 35-4 68-8 103-9 152-7 212-6 286-8 340-3 396-0 
ROH formed (%) sescccees 8-0 16-2 27-6 37-5 489 57:0 69-2 74-9 79-7 
ers ceseveeee 868 830 7-83 7-53 7-33 705 6-87 6-77 6-70 








(2) Solvent, ‘‘ 85% ” aqueous acetone. Initially, [RCI] = 0-0430. 


Time (mins.) ceeeeee 500 105 31:0 466 67:3 £909 1183 
ROH formed (%) seeessaes 120 215 474 609 173-0 82-7 88-9 
a cececceeee 42°7 38:5 345 33:5 32-5 32-2 30-8 





(3) Solvent, ‘‘ 80% ’’ aqueous acetone. Initially, [RCI] = 0-0439. 
Time (mins.) .............. 2:00 3:05 460 655 9-70 13:8 18:0 26-0 
ROH formed (96) - popapsedd 150 219 29:7 382 491 590 685 79-8 

Seiis -mvtbitenhentinduastnn: Te 135 124 122 116 108 100 102 





(2) Salt Effects on the Rate of Hydrolysis. 


In the experiments described in this Section we have employed the same three solvents, 
“90%,” “ 85% ” and “‘ 80% ” aqueous acetone, and four salts, lithium chloride, lithium 
bromide, sodium azide and tetramethylammonium nitrate; “85%” aqueous acetone 
was made the common solvent for the comparison of the salts, and sodium azide the 
common salt for comparison of the solvents. The salts were employed in about 0-05m- 
concentration, which is quite sufficient to show a large mass-law effect and a considerable 
ionic. strength effect. With the alkyl halide also initially in about 0-05m-concentration, 
all the investigated hydrolyses were irreversible to within the accuracy of analysis. In the 
experiments with lithium chloride and lithium bromide, we followed the development of 
acidity, t.e., the production of dimethylbenzhydrol: for reasons similar to those given in 
the preceding papers (this vol., pp. 966 and 971) the rates thus obtained are, in both cases, 
the rates of total decomposition of the dimethylbenzhydryl chloride. In the experiments 
with sodium azide and tetramethylammonium nitrate we measured the total decomposition 
of the dimethylbenzhydry] chloride directly by following the development of chloride ions. 
It is these total rates that we consider in the present Section, their analysis, where possible, 
into their component parts being reserved for discussion in Section 3. The temperature 
for all measurements was 0°. 

In “ 85% ” aqueous acetone, lithium bromide, sodium azide and tetramethylammonium 
nitrate in the similar concentrations employed (0-051m) were found to increase the initial 
trate of decomposition of the alkyl halide by the factors 1-46, 1-50, and 1-53 respectively. 
This is clearly an ionic strength effect, dependent,-in sufficiently dilute solution, essentially 
on the concentration of the uni-univalent electrolyte, and not on its nature—provided the 
anion is not identical with that of the alkyl halide. On the other hand, lithium chloride 
in similar concentration reduced the initial rate of hydrolysis by the factor 0-49. We may 
take it, therefore, that the common-ion effect arising in the presence of 0-05m-lithium 
chloride is reducing the rate to only one-third of the value which, in the absence of a common- 
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ion effect, would be appropriate to a solution of the ionic strength employed. An altern- 
ative method of expression is that, in the presence of lithium chloride, approximately 
(1-50 — 0-49) /1-50 or 67% of the dimethylbenzhydry] cation formed is reacting with chloride 
ions and only 33% of it with water molecules. We shall see below that (at the ionic 
strength used) azide ions have nearly the same activity in relation to water molecules. 

Table II records two runs in detail, and a summary of the remaining rate data, together 
with some numerical material to be considered in Section 3. In the experiment with 
lithium chloride the integrated rate constant shows a just perceptible downward drift : 
the qualitative reason for this is the partial buffering of the chloride-ion concentration by 
the added salt, and calculation shows that the downward drift should be very small. All 
the other rate constants show strong downward drifts, similar qualitatively to those 
illustrated for certain experiments with salts in the preceding papers: this is because the 
added salts partly buffer the ionic strength of the solution, and therefore its accelerating 
influence, but do not buffer the concentration of the retarding chloride ions that are formed 
in the course of hydrolysis. The effect is greatest with azide ions, because the buffering 
of the ionic strength is greatest in this case, owing to an actual disappearance of azide 
ions, which largely compensates the contribution to the ionic strength made by the 
generated chloride ions. 

In “ 90%,” “‘ 85%,” and “‘ 80% ” aqueous acetone, sodium azide in the nearly uniform 
concentrations stated in the Table increased the rate of decomposition by the factors 1-71, 
1-50 and 1-40. There is thus a distinct solvent influence on the salt effect, and this also we 
shall account for quantitatively in the next paper. 


TABLE II. 


Integrated First-order Rate Constants (k, in sec.) of Hydrolysis and Total Reaction of 
pp’-Dimethylbenzhydryl Chloride (RCI) in Aqueous Acetone at 0-0° in the Presence of Salis. 


(A) ‘* 90% ” Aqueous acetone. 


(1) Initially, [RCI] = 0-0463, Dany = 0-0512 =c. Rate: 10%, = 15-5. 


Reaction (%) 2S == tictse 90 20 40 60 80 
H (%) . sessoe 34 34 36 37 38 
Proportions RN, 1(%) inkuus a a a ee 


(B) “ 85% ” Aqueous acetone. 
(2) Initially, [RCI] = 0-0479, [LiCl] = 0-0555. 


Time (mins.) . TTS 122 200 280 38-5 
ROH formed (%) nmin 2S ae —< ——— aon 


ee te. ceneicccoscccnsccesss SOO | Bae 23-0 22:9 22-2 


(3) Initially, [RCI] = 0-0486, [LiBr] = 0-0504. 


Time (mins.) .. vevcccsccccccceeee 645 O87 13:0 185 26-5 
ROH formed (%) ccccccceccscceseee 196 27°0 33-1 42-4 52-7 


te capanpent cevccceccececceecee 57-0 54:0 51:5 49-7 47-2 


(4) Initially, [RCI] = 0-410, (NaN) = 0-0512 =c. Rate: 105%, = 70-5. 
Reaction (%)_ .... wosncey ae 20 40 60 
ER cicnenneacg., 35 38 = 40 
Proportions{ Ri. OE ce a eS 60 
(5) Initially, [RCI] = 0-466, (NMeNOg = 0-0506 =c. Rate: 10%, = 72-0. 
Reaction (%)°* ..... dagocseseen 60 80 100 


ROH (° A). 100 100 
Proportions { RN. (9 fy es 0 0 


(C) ‘ 80% ” Aqueous acetone. 
(6) Initially, [RCI] = 0-0403, Loic = 00540 =c. Rate: 105%,0 = 224. 
Reaction (%) 
9 
Proportions RN, sg, ioe asvuibanbiel 64 
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(3) The Proportion of Intervention of Added Anions. 


As indicated in Table II, we have taken advantage of the stability of dimethylbenzhydryl 
azide to measure the proportions in which azide ions have intervened in the various stages 
of the decompositions carried out in the presence of sodium azide, the method being our 
usual one of following separately the liberation of chloride ions and hydrogen ions. We 
can conveniently consider either the proportion in which dimethylbenzhydryl azide is 
formed in the initial stages of hydrolysis, or the proportion in which it is found in the 
completed reaction mixture; the latter value is always lower because it represents the 
integrated effect of intervention by a concentration of azide ions which is diminishing 
during the course of reaction. 

To within the limits of experimental error, the proportion in which azide ions in the 
concentrations used intervene in the initial stages of hydrolysis in ‘‘ 90%,” “85%” or 
“80% ”’ aqueous acetone is 66%, whilst the proportions in which they are found to have 
intervened in the completed reaction mixtures are very close to 60% for the same three 
solvents; thus, for a nearly constant concentration of azide ions, the proportions in which 
water and azide ions participate to form their respective products remain substantially 
constant over a 2-fold change in the water concentration. 

Experiments with “ 50% ’’ aqueous acetone have shown that the same is true over a 
5-fold change of water concentration. Although in this medium the reaction (#.¢., the 
total reaction and each of its constituents) is much too rapid to permit of kinetic measure- 
ments, we can still determine the composition of the final product ; and, with approximately 
the concentration of azide ions used previously, we find, once again, 60% of dimethyl- 
benzhydryl azide. This shows clearly that, over the investigated range, the rate of the 
individual process which directly produces dimethylbenzhydrol is approximately 
independent of the water concentration. The data are summarised in Table III, lines 
1—4. In the next paper we shall show that this is consistent with the broader conclusions 
that can be derived from a quantitative discussion of the common-ion effects illustrated in 
the preceding Sections of this paper. 

On the other hand, there is no doubt that the rate of the individual process which leads 
directly to dimethylbenzhydryl azide is dependent on the azide-ion concentration. This 
is shown most clearly by some further experiments with “ 50% ’’ aqueous acetone, which 
are recorded in Table III, lines 5—8 : when we increase the concentration of azide ions, we 
obtain an increased proportion of dimethylbenzhydryl azide. The observed increases can 
be fairly well accounted for if we assume that, whilst the rate of the dimethylbenzhydrol- 
forming process is independent of the concentration of azide ions, that of the azide-ion 
intervention is proportional to their concentration. The calculation is made by the rough 
but simple method which neglects activity corrections and correlates the proportion of 
benzhydryl azide found in the final product with the “ average’ concentration of azide 
ions, 7.¢., the arithmetic mean of the initial and the final concentration. The values thus 
obtained are given in the last column of the Table, and the agreement with the observed 
figures is sufficient to make it highly probable that the individual process which leads 
directly to dimethylbenzhydryl azide is unimolecular with respect to azide ions. In the 
next paper we shall establish an analogous conclusion for halide ions in the course of our 
discussion of common-ion influences on the reaction kinetics. 

A comparison of the experimental results recorded in lines 7 and 8 of Table III shows 
that the proportions in which dimethylbenzhydrol and dimethylbenzhydryl azide are 
formed are substantially independent of the initial concentration of dimethylbenzhydryl 
chloride. This means that dimethylbenzhydryl chloride and any intermediates derived 
from it must enter in an identical way into the simultaneous processes that lead to the 
separate products—a general inference which, in the next paper, will be specialised in the 
conclusion that each process is unimolecular with respect to the dimethylbenzhydry] cation. 

We have also examined the intervention of the nitrate ion, although this could not be 
studied in detail, because dimethylbenzhydryl nitrate does not survive the conditions of 
hydrolysis. However, the nitrate ion was shown to intervene to a small extent, a 
perceptible amount of dimethylbenzhydryl nitrate being produced in the initial stages of 
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hydrolysis (Table II, run 4; Table III, line 9). The nitrate ion is evidently much less 
effective for intervention than the azide ion. 


TABLE III. 


Proportions in which Anions intervene in the Hydrolysis of pp'-Dimethylbenzhydryl Chloride 
(RCI) in Aqueous Acetone at 0-0°. 
Final RN, formed (%). 
Aqueous Initial Salts Initial Initial RN; - — — 
acetone. RC. added. [salt]. formed (%). © Found. Calc. 
(A) Azide ions. 


“90% ” 0-0463 NaN, 0-0512 67 60-3 
* 85% ” 0-0410 0-0512 66 59-6 
“ 80% ” 0-0403 0-0540 66 61-2 





‘Oo 
“ 50% ” 0-0572 0-0519 
0-0461 0-1001 
0-0467 0-2002 
0-0540 0-4867 
0-0267 0-4867 


(B) Nitrate ions. 
“* 85% ”’ 0-0466 NMe,NO, 0-0506 ~12 —- 


* This figure is taken as the basis for the calculation of the figures given underneath it. 


EXPERIMENTAL. 


pp’-Dimethylbenzhydryl Chloride.—pp'-Dimethylbenzophenone, prepared from /-toluoyl 
chloride and toluene by the Friedel-Crafts reaction, was reduced by means of zinc dust and 
sodium hydroxide in ethyl-alcoholic solution to the carbinol, m. p. 70-5° after crystallisation 
from light petroleum. This carbinol (10 g.), dissolved in a mixture of dry ether (80 c.c.) and 
light petroleum (50 c.c.), was saturated with hydrogen chloride in the presence of calcium 
chloride. After 2 hours, the solution was poured on fresh, dry calcium chloride and again 
saturated with hydrogen chloride. After 2 days, the solution was concentrated under slightly 
reduced pressure until crystals began to be formed; it was then cooled to 0°. The //’- 
dimethylbenzhydryl chloride, after crystallisation from light petroleum, with use of a little 
norit, had m. p. 45° (cf. Norris and Blake, J. Amer. Chem. Soc., 1928, 50, 1808). 

Methods.—These were essentially as described in the preceding papers. A large Dewar 
vessel containing a stirred mixture of ice-shavings and water served as a thermostat. Ice-cold 
solvents were used to stop the reactions in the samples taken for analysis, and the washing 
necessary in chloride-ion estimations was expedited as much as possible. 

Products.—pp'-Dimethylbenzhydrol was isolated in good yield by extraction with ether 
in a completed reaction solution in “‘ 80% ” aqueous acetone. It had m. p. 70-5°, and the 
same mixed m. p. with an authentic specimen. The formation of pp’-dimethylbenzhydryl 
azide in the experiments with sodium azide was proved by extracting the product of a reaction 
in “‘ 50% ” aqueous acetone with pentane, and reducing it in methyl-alcoholic solution with 
hydrogen and Adams’s platinum catalyst to pp’-dimethylbenzhydrylamine. The crude hydro- 
chloride of this base (Found: Cl, 15:2. Calc.: Cl, 143%) was converted into the picrate, 
which, first obtained in an amorphous form, was crystallised with some difficulty from ethyl 
alcohol. It had m. p. 228° (Found: C, 57:2; H, 4:6. C,;H,,;N,C,H,O,N, requires C, 57-3; 
H, 45%). 


THE SiR WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
UNIVERSITY COLLEGE, Lonpon, W.C. 1. [Received, April 18th, 1940.] 
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188. Mechanism of Substitution at a Saturated Carbon Atom. Part 
XXIII. A Kinetic Demonstration of the Unimolecular Solvolysis of 
Alkyl Halides. (Section E) A General Discussion. 


By LrEsLiE C. BATEMAN, MERVYN G. CHURCH, EDwaRD D. HuGHEs, CHRISTOPHER 
K. INGOLD, and NAZEER AHMED TAHER. 


In this paper the considerations outlined in the abstract on p. 960 are made quantit- 
ative and the experimental observations of the preceding four papers are reviewed on 
this basis. The result is to establish unequivocally the existence, nature, and general im- 
portance of the unimolecular mechanism of both solvolytic and non-solvolytic substitu- 
tions, and to provide a somewhat detailed picture of its manner of working, especially in 
relation to the life history of the carbonium ion. A summarising statement of these 
conclusions is given on pp. 1003-1008: they cohere excellently with the conclusions 
that have been derived from the effect of changes in the compound substituted, in 
the substituting agent, and in the solvent on the rate and course of substitution, 
and from the associated stereochemical phenomena (cf. pp. 1008-1011). 


In this paper we discuss collectively the material presented in the four preceding papers. 
The problem is the determination of the mechanism of those nucleophilic substitutions 
in which the substituting agent is the solvent, the example being the hydrolysis of alkyl 
halides in aqueous acetone. All the halides now investigated are of a type for which we 
have previously concluded, from quite different evidence, that the mechanism of their 
hydrolysis in aqueous solvents is unimolecular. We propose later to publish a corre- 
sponding investigation on halides for which the previous conclusion has been that their 
aqueous hydrolysis is bimolecular. 

In order to show the relation of this part of our work to the whole section which deals 
with solvents as substituting agents, we give a list of the methods which have now been 
used to determine mechanism in solvolytic substitutions : 

(1) From the kinetic form of the substitution reaction. 

(2) From the effect of structural changes in the compound substituted on the reaction 
rate. 

(3) From the effect of systematic changes in the substituting agent on the reaction rate. 

(4) From the effect of solvent changes on the reaction rate and on the products. 

(5) From the effect of salt additions on the reaction rate and on the products. 

(6) From the stereochemical course of the substitution. 

The original theory (Hughes, Ingold, and Patel, J., 1933, 526) provided only two methods, 
nos. (2) and (3), and for some years these remained the only available methods. Cowdrey, 
Hughes, Ignold, Masterman, and Scott then added method (6) (J., 1937, 1252); and 
Bateman, Hughes, and Ingold, method (4) (J., 1938, 881). The present group of papers 
completes the list by developing and applying methods (1) and (5). 


(1) Preliminary Qualitative Considerations. 

We have stated in the past that method (1), the direct kinetic method, is unavailable 
for solvolytic substitution, because, with the solvent as reagent, both the bimolecular and 
the unimolecular mechanism require first-order kinetics; and this is true in certain cases, 
provided one is thinking only of the rough fitting of the kinetics to the conventional first- 
or second-order rate-laws. From a more precise point of view, it is still true that, with a 
well-buffered solvent concentration, a bimolecular substitution should follow the first- 
order rate-law to a very close approximation. On the other hand, a unimolecular substitu- 
tion should in principle exhibit deviations, which need not be small, from the first-order 


tate-law, owing, as we pointed out in the preliminary paper (this vol., p. 960), to the growth 
of ionic re-association during reaction : 


2 -2 +4 
RC = RY + Cl zo? ROH + H + Cl 
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As larger halide-ion concentrations are built up by reaction (3), reaction (2) gains in 
importance, so that the rate-determining ionisation becomes progressively retarded by its 
reversibility, without causing any reversal of the stoicheiometric reaction, which may be a 
completely irreversible hydrolysis. This characteristic deviation from first-order kinetics 
has been detected; indeed; in chosen examples, it was large enough to change the kinetic 
form completely; and we shall show that the detected disturbance is correctly identified. 
The bimolecular mechanism provides for no such effect in a stoicheiometrically irreversible 
hydrolysis. 

The development of method (5) is based on quite analogous considerations. There are 
three principal cases: (i) The first case is that in which we add a salt (e.g.; NaCl) whose 
anion is identical with that formed from the alkyl halide (e.g., RCI). In the unimolecular 
mechanism, the added anion can retard hydrolysis by reversing the ionisation, without 
reversing the hydrolysis itself. This highly characteristic effect has been observed. The 
bimolecular mechanism provides for no such retardation in irreversible hydrolysis. (ii) In 
the second case, the anion of the added salt (e.g., NaBr) is such that the alkyl derivative 
which it might form (¢.g., RBr) is much more rapidly hydrolysed than the original alkyl 
halide (e.g., RCl). The unimolecular mechanism now demands no change of initial rate, 
which still is identical with the rate of ionisation of the alkyl halide, but requires only a 
lessening of the growing retardation discussed in the preceding paragraph. The bimole- 
cular mechanism, however, requires acceleration throughout the course of reaction, the 
acceleration depending directly on the extent to which the added anion attacks the alkyl 
halide molecule. (iii) In the third case, the anion of the added salt (e.g., NaNs) is such 
that the corresponding alkyl derivative (e.g., RN;) is not hydrolysed. The conclusions 
concerning the total rate of destruction of the alkyl halide (e.g., RCI) are the same as in the 
preceding case. However, there are now two final products (e.g., ROH and RN,), and 
another important matter is the correlation of their proportions with the rate changes. 
The principle involved is identical with that which Bateman, Hughes, and Ingold applied 
to the use of mixtures of reactive solvents (such as water and alcohol) in order to determine 
mechanism. In the unimolecular mechanism the products are formed in reaction-stages 
other than that whose rate we measure, and therefore there should be no connexion between 
the proportions of products and the measured rate. In the bimolecular mechanism on the 
other hand, there is only one reaction-stage, so that the reactions in which the products 
are formed contribute additively to the measured rate; thus there is a definite and simple 
relation between the proportions of products and the measured, total rate. A further 
criterion can be based on a comparison of the proportions of products as between one halide 
and another. If two different alkyl halides have the same alkyl group, the unimolecular 
mechanism requires that the proportions in which the products are formed should be the 
same; because the products are formed from the alkyl cation, and the cation is the same. 
According to the bimolecular mechanism, we should not necessarily expect any connexion. 
All these requirements of mechanism are later examined more fully and compared with 
the experimental findings. 

The above consequences of mechanism, both those concerning the kinetic form of 
hydrolysis, and those relating to salt effects on reaction rate and product composition, 
derive from the mass-law : superposed on them all there is the activity effect arising from 
the ionic strengths of the solutions. We consider only small ionic strengths, and refer 
first to the kinetic form of hydrolysis in the absence of salts (method 1). The qualitative 
picture of the ionic strength effect is very similar to that by which we explained solvent 
effect (Hughes and Ingold, J., 1935, 252). Just as in the unimolecular ionisation of a 
neutral molecule, or the bimolecular substitution of a neutral molecule by a neutral 
reagent, an increase in the solvating power of the solvent accelerates, because, whilst the 
initial state is not much affected, the transition state with its quasi-ionic charges can better 
stabilise itself by attracting solvent dipoles, so also, in the same reactions, an increase of 
ionic strength will accelerate because the transition state charges can better stabilise them- 
selves by collecting suitable ionic atmospheres. Again, just as the solvent effect is much 
greater in unimolecular than in bimolecular substitution, because of the greater diffusion 
of charges in the transition state of the latter, so also, and for the same reason, we expect 
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the accelerating effect due to an increase of ionic strength to be much more marked in the 
unimolecular substitution of a neutral molecule than in the bimolecular substitution of 
the same molecule by a neutral reagent. Since the ionic strength increases in the course 
of a solvolytic substitution of a neutral molecule such as an alkyl halide, we expect a pro- 
gressive increase in the instantaneous first-order rate constant, superposed, if the mechanism 
is unimolecular, on a progressive decrease due to the operation of the mass-law. If the 
mechanism is bimolecular, we expect a considerably smaller rise in the instantaneous specific 
rate, superposed on the constant first-order rate obtaining under the mass-law. The effects 
expected from the unimolecular mechanism have been observed, The ionic strength effect 
is also expected, as we shall show presently, to diminish with increasing water-content of 
the aqueous acetone solvent: this solvent effect has also been observed. 

Turning now to the influence of ionic strength on the effect of added salts (method 5), 
the important point is that, in unimolecular substitution, a// ionised salts should, so far as 
this factor is concerned, strongly increase the ionisation rate, and therefore increase the 
measured total rate of elimination of halide ion from the alkyl halide: salts having an 
anion in common with that formed from the alkyl halide are not an exception. Indeed, 
we shall give reason for believing that all uni-univalent salts should accelerate the same 
reaction, in the same solvent at the same temperature, to the same extent in limiting 
dilutions, though at practical dilutions there may be appreciable differences between one 
salt and another. The ionic strength acceleration should, of course, be superposed on the 
mass-law retardation in the case of salts having an anion identical with that given by the 
alkyl halide, but for all other salts should be the sole effect on the initial rate of elimination 
of halide ion from the alkyl halide. In the bimolecular mechanism the ionic strength effect 
of added salts should result in a small acceleration of hydrolysis, which should be the sole 
effect in the case of salts having the same anion as that given by the alkyl halide, but 
should be superposed on the mass-law acceleration of the total substitution for other salts. 
The effects arising from the unimolecular mechanism have all been observed, together with 
the theoretically expected decrease of the ionic strength effects in more aqueous solvents. 

In order to assist the recollection of these (collectively rather complicated) qualitative 
considerations, the main points are gathered together in Table I. It should be emphasised 
that they apply to dilute solution; in concentrated salt solutions, for example, quite 
complicated factors might influence the rate in ways for which no reasonably precise theory 
can at present be provided. The term “ specific rate,’’ as used here and throughout this 
paper, means the instantaneous first-order rate constant, viz. (dx/dt)/(a — x). 


TABLE I, 
Predicted Qualitative Effects. 


Mechanism. Method. Ionic strength effect.* + Mass-law effect. 
Sel { (1) Kinetic form Progressive rise of specific rate -++ Progressive fall of specific rate 


: + Retardation (‘‘ common-ion ”’ salts) 
(5) Salt effects Acceleration + No effect ¢ (other salts) 


bs Kinetic form Small progressive rise of specific + No effect 
te 
Sx Ta’ 


(5) Salt effects Small acceleration { t | oe en § Rees salts) 


* These effects must all diminish with increasing water content of the solvent. 

+ No effect on the initial rate of liberation of halide ions, #.e., no effect before the “‘ progressive fall 
of specific rate,’” due to the mass-law effect of the liberated halide ions, sets in. The added salts, how- 
ever, modify the mass-law effect of these anions. 

t This acceleration must agree with the product composition when the product given by intervention 
of the added salt is stable. 


As stated above, we have worked with alkyl halides of a type for which the mechanism 
of aqueous hydrolysis has, from other evidence, been previously concluded to be uni- 
molecular. It was our object to seek the mass-law effect, especially the two retardations 
indicated by the italics in the above Table; but we realised that we could never get rid 
of superposed ionic strength effects. From our study of the stereochemical course of 
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substitution (method 6) we had arrived at a picture of unimolecular solvolytic substitution, 
which will be made more definite in the sequel; and this led us to the (partly intuitive) 
prediction that, whilst the ionic strength effect would apply universally to those alkyl 
halides which are hydrolysed by the unimolecular mechanism, the mass-law effects should 
increase with the stability of the organic cation which is formed in the course of unimole- 
cular substitution. It is a question of the length of life of this cation: within limits, the 
longer the time interval between the consecutive stages of unimolecular substitution the 
more prominent should be the mass-law effects. Therefore we set up the following alkyl 
series as illustrating a progressive increase in the stability of the cations of those alkyl 
groups whose investigated halides are believed to react by the unimolecular mechanism in 
aqueous hydrolysis : 


(CH )sC<(CyH,) CHP Pete cH ch MOC CHK (p-MeCgH,),CH 


The evidence for this series is partly theoretical and partly empirical. The theoretical 
basis is as follows: (a) An a-phenyl group must strongly increase the stability of the cation 
owing to mesomerism. (b) A #-alkyl group must further increase stability because of the 
energy effect associated with the electron repulsion of alkyl groups attached to unsaturated 
carbon systems (a form of resonance; this vol., p. 909). (c) A p-methyl group will be the 
most effective p-alkyl group in systems which, like these cations, have a very strong electron 
affinity, because the CH-conjugation creates further resonance energy (this vol., p. 949). 
The only direct empirical evidence is the knowledge (Cowdrey e¢ al., loc. cit.) that the 
introduction of an «-pheny] substituent into.an alkyl group R having «-asymmetry increases 
the racemisation accompanying the unimolecular substitution of optically active RX: 
the increase implies an increased length of life of the intermediate cation R*. However, 
there is also indirect evidence. Since the same factors of stability that we can introduce, 
as explained above, into the fully formed cations must already be partly effective in the 
transition states of ionisation, there should be a parallel between the rates of these similar 
processes and the stabilities of their ionic products; and as, independently of this work, 
we have evidence that the rates of aqueous hydrolysis of the alkyl halides considered 
measure their rates of ionisation, we can adduce the rates themselves as evidence for our 
series. We deal with the difficulty of knowing at this stage in what form to quote the rates 
in view of the deviations from classical kinetic laws by utilising the conclusion, made 
definite later, that the initial first-order rate constants represent rates of ionisation. These 
initial rates are collected in Table II, the experimental material on which they are based 
being recorded in various accompanying papers. It will be seen that, for given physical 
conditions and the same halogen atom, the rates vary with the alkyl group in a manner 
which supports our series. 
TABLE II. 


Initial First-order Rates [10°k, with k, in sec.) of Hydrolysis of Alkyl Halides. 


Ph,CH 
acetone. Temp. bromide. bromide. chloride. chloride. chloride. chloride. 


0° cme —s an 9-10 
“90% 425 1-27 comp ; 9-46 — 


50 19-0 201 , . — _ 
** 85% ” 0 —_ -- 47-0 
oe 80% ” { 0 made aad ¥ ‘ 8-35 3 160 

25 — a= 7 . 160 ¢ —_ 
“70%” 265 51-5 _— 32- 

1 Hughes, Ingold, and Taher (this vol., p. 949), 0-282. 2,3 Quoted from H., I., and T. 
* _H., L., and T., 7-28.* 5 H., I., and T., 79-6.* * H., I., and T., 156.* 

[* It will be understood that, as the rates of these reactions are very sensitive to solvent composition, 
it is difficult always to secure exact agreement with earlier experiments, in which different batches of 
solvent, possibly of very slightly different composition, were employed. In all work in which a precise 
comparison of rates is desired, it has been our practice to take the medium from a single stock.) 


We expect, then, to find ionic strength effects throughout this series of alkyl groups, 
whilst, if the mechanism is unimolecular, the superposed mass-law effects, which in this 
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event are highly characteristic, should be developed with increasing prominence as we pass 
towards the right-hand members. The investigation of the left-hand members is necessary 
because here we observe the ionic strength effects in their most nearly pure form, thus 
establishing a basis from which the superposed mass-law effects can be assessed when 
towards the right hand end of the series they make the dominating contribution. 


(2—3) Kinetic Form of Hydrolysis (Method 1). 

(2) Effect of Ionic Strength alone on the Kinetics of Hydrolysis.—(a) Kinetic form of 
hydrolysts for a single solvent. In the immediate sequel we shall follow up the consequences 
of supposing the mechanism of hydrolysis to be unimolecular. A similar discussion could 
be given for the bimolecular mechanism, but it would be difficult to carry it quite so far 
quantitatively. The qualitative differences between the two mechanisms in relation to 
the ionic strength effect have already been pointed out. 

Using the formalism of Polanyi, Evans, and Eyring (cf. Polanyi, J., 1937, 629), we 
represent the rate of ionisation of RX as the product of a transit frequency through, and 
the instantaneous population of, the transition state. Taking d/ as the “ thickness ”’ of 
the state, the former factor is written v/d/, where v is the thermal velocity along d/. The 
population of ionising particles in the transition state, $cy per unit volume of real space, 
is defined by an infinitesimal ‘ equilibrium constant’ dK, = w,di/ = cz/crx, so that the 
rate equation becomes — dcpgx/d¢ = 4vw,cry. But dK, is not a true constant for the 
“ equilibrium,” and we therefore define one, as follows : 


dK, = ar/azx = 47/Crx = fr(cr/crx) = frodl = w,dl 


Here the a’s with subscripts denote activities, and fp represents the activity coefficient of 
the transition state; and the approximation is made that this differs from unity by so 
much more than does the activity coefficient of RX that the latter may be set equal to 
unity in these equations. It follows that 


— dcpx/dt = fuagcaxfp? =kcexfo? . . . . . (i) 


where k, is the first-order rate constant for zero ionic strength. 

We have now to calculate the activity coefficient f7 for the transition state of ionisation. 
We know that when the conception of the transition state is applied to bimolecular reactions 
it leads to Brénsted’s rate equation; that this equation contains the activity coefficient 
of the transition state; and that this activity coefficient is always taken to be determined 
by the charge on the transition state, just as though the latter were a permanent structure. 
The applications of Brénsted’s equation form a remarkable instance of the success of 
equilibrium theory outside the range of its logical validity, and, guided by this known 
experience, we calculate the activity coefficient for our transition state by treating it as a 
permanent dipole. The principle involved is the same as in Debye’s theory of the activity 
coefficient of an ion, viz., that the surrounding ions will reduce the magnitude of the 
electrical potential of the central charge (of each of the dipole charges in our case), thus 
stabilising the system, or, in other words, reducing its free energy and activity. 

For our present purpose, the simplest model of the transition state is that of two point 
charges + ze separated by a fixed distance d, and surrounded by a dilute atmosphere of 
point-ions of charges +e. The Debye—Poissan equation for the potential % at a point 
due to any central electrical distribution in a dilute atmosphere of univalent ions is 


As = «ys with x? = Sxne®/DkT, 


where is the number of ions of either sign per c.c., D is the dielectric constant of the 
solvent, k is Boltzmann’s constant and T is the absolute temperature. We have to find 
the solution appropriate to a central dipole. The differential equation is separable in 
polar co-ordinates, and, for an external point of co-ordinates 7, 6, ¢ with respect to the 
centre of the dipole as origin and the dipole axis as polar axis, the solution is found to be 


p= 200 FU + urje~.cos 8 
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The potential due to the ionic atmosphere alone at either of the central + charges reduces to 


Watmosphere = + $x*zed/D, 


from which, by the usual process of discharging the ions at finite dilution and recharging 
them at infinite dilution, it follows that 


4x Ne* 7) 

— Infe = 1000 2 ** 4: DT) Tare «ale 
where N is Avogadro’s number, and yp is the ionic strength of the solution, 7.¢., the con- 
centration of the uni-univalent electrolyte. It will be noted that the logarithm of the 
activity coefficient of the dipole depends on p/(DT)*, not on y#/(DT)* as does the logarithm 
of the activity coefficient of an ion. The law is only a limiting one, but we may expect 
it to hold over a rather larger concentration range than does the corresponding law for ions, 
because of the smaller density variations of the ionic atmosphere around dipoles. It con- 
tains one unknown constant, o = z*d, of the dimensions of length (for z, the transferred 
charge, reckoned as a fraction of the electronic charge, is dimensionless). This constant 
must, of course, be determined from the rate data. 

We report this calculation in outline only, because a more detailed treatment of the 
problem of the activity coefficient of a zwitterion has since been made available by Kirk- 
wood (Chem. Rev., 1939, 24, 233). He placed the dipole charges either one at each focus, 
or both close together on the axis of symmetry near one focus, of a prolate spheroidal 
“molecule ” of variable eccentricity. His formulz are consistent with ours, but are much 
more complicated and less suited to our particular applications. However, his investigation 
has been of value to us, because it has shown that the essential effect of molecular shape and 
charge disposition, within the range of his examination of these variables, is simply on a 
numerical constant, whose variation from our numerical constant we can regard as absorbed 
into our disposable length parameter, c. He also made a partial examination of the effect 
of image forces, and showed that they increased the dependence of the activity coefficient 
on DT; however, numerical computation shows that this effect is of minor importance 
except for very bulky zwitterions. 

In order to complete the derivation of our rate law, we have only to combine equations 
(1) and (2), inserting the values of the universal constants. Replacing cgx by the more 
usual a — x, and noting that, in the absence of added salts, the ionic strength p is simply 
x, we obtain 

dx/dt = k,(a — x) antilog,, (0-912 x 10 ox/D°T*) . . . (3) 

Of the hydrolyses studied, that of ¢ert.-butyl bromide is expected to exhibit the ionic 
strength effect with the least disturbance from mass-law effects. We may take the 
hydrolysis of 0-1056M-tert.-butyl bromide in ‘‘ 90% ”’ aqueous acetone at 50° in the absence 


of added salts as a first illustration.* The data have been recorded (this vol., p. 960) in 
the form of integrated first-order rate constants, 


Ry = 2-3038¢7 log sfa/(a—x)} . . . . . ~~ 4) 


(the bar signifies integration), and by combining this equation with the appropriate specialis- 
ation of equation (3), viz., 


dx/dt = k,(a — x) antilog,, (1-806 x 10x), 


we can, after a numerical integration of the latter, calculate the proportional change in the 
rate constant, k,/k,, as a function of the percentage progress of reaction, 100x/a, for any 
assumed value of s. 

The order of magnitude of s = z*d is not in doubt. Suppose, as an approximation, that 


* A small proportion of what is here called “‘ hydrolysis” really consists in the formation of iso 
butylene; but this does not affect the argument, because our analytical measurement includes the olefin 
production, and it is the fotal rate thus measured that represents the rate of ionisation of the alkyl 
halide, according to the mechanism underlying the calculation we are testing. 
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in the transition state of ionisation the equivalent of half an electron is transferred from 
carbon to bromine (z = 0-5), and that the whole of the positive charge is borne by the 
tertiary carbon atom. We require to know the length, d, to which the C-Br bond becomes 
stretched in the transition state, and can estimate this from the energy of activation and 
Morse’s potential energy function ; for, disregarding the small corrections due to zero-point 
energy in the ground state and resonance and tunnelling in the transition state, it will be 
at the energy of the activated state that the Morse curve cuts the potential energy curve 
for the ion-pair. In the Morse function we have taken the dissociation energy as 62 kg.- 
cals./g.-mol., the equilibrium C-Br separation as 2-05 A., and the force constant of the 
C-Br stretching vibration as 2-61 x 10° dynes/cm. For the energy of activation of 
ionisation we have taken the value, 23 kg.-cals./g.-mol., found for solvolysis in “ 80% ” 
aqueous alcohol (this vol., p. 925). The length of the stretched bond is then found to be 
259A. Thus o = 0-25 x 2-59 a. = 0-65 x 10% cm. It must be emphasised that this is 
only an order-of-magnitude calculation. When we selected the value of « which best 
fitted our results for the kinetics of the hydrolysis of tert.-butyl bromide in “‘ 90% ”’ aqueous 
acetone at 50°, we arrived at the value, s = 0-74 x 10-8. The agreement is evidence for 
the unimolecular mechanism, since the ionic strength effect in the bimolecular mechanism 
is likely to be much smaller (Table I) than that calculated by the methods illustrated. 


Fic. 1. 
Ionic Strength Effect. 

















Hydrolysis of 0-1056m-tert.-butyl bromide in “‘ 90% ”’ aqueous acetone at 50°. 
(Three theoretical curves and the experimental points.) 


Fig. 1 shows three curves of the relation between k,/k,® and 100x/a, as calculated from 
equations (3) and (4) with constants a, D, and T appropriate to the experiment under 
consideration, and different assumed values of o. The agreement of the experimental 
points with the central curve is our first evidence that the progressive acceleration of the 
specific rate is essentially an ionic strength effect. 

(b) Temperature and solvent effects on the kinetic form of hydrolyses. If we are correct 
in identifying the progressive acceleration as a nearly pure ionic strength effect, then the 
whole influence of temperature and solvent composition on the deviations from first-order 
kinetics should be summarised in the factor D*T~* contained in the argument of the anti- 
logarithm of equation (3). By adding more water to the aqueous acetone, we increase the 
dielectric constant considerably, and thus the whole antilogarithmic factor expressing the 
ionic strength effect on the kinetic form of hydrolysis will diminish towards unity. Temper- 
ature is similarly involved, although it is less easy to make proportionately considerable 
variations of the absolute temperature in kinetic measurements. 

To test these predictions we carried out two hydrolyses at 25°, one in “‘ 90% ” and the 
other in “70% ”’ aqueous acetone; the initial concentrations, a, of ¢ert.-butyl bromide 
were nearly the same as before, 0-1039 in the first case and 0-1049 in the second (this vol., 
p. 960). The appropriate specialisations of equation (3) are respectively 


dx/dt = k,(a — x) antilog; (1-644 x 10%cx) 
and dx/dt = k,%(a — x) antilog,,(0-689 x 10%ox) ; 
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but now o is no longer disposable, having already been determined to be 0-74 x 10-8, 
Thus we can calculate two completely determinate theoretical curves for the variation of 
ky/k,® with 100x/a. 

These curves are in Fig. 2, together with the observations. It is obvious that our 
formule represent the solvent effect correctly, and this confirms our identification of the 
deviations from first-order kinetics as an ionic strength effect essentially. 

(3) Combined Mass-law and Ionic-strength Effects on Kinetic Form of Hydrolysis. — 
(a) Hypothetical case of mass-law effects acting alone. As explained in Section (1) (cf. 
Table I), mass-law effects are peculiar to the unimolecular mechanism, and do not arise 
under the bimolecular mechanism; hence only the former mechanism requires to be 
considered in this section. 

For polar reactions involving ions either as factors or as products, simple mass-law 
effects, undisturbed by ionic-strength effects, cannot be realised. Thus a consideration of 
mass-law effects alone cannot lead to serviceable formule for the interpretation of our 
experimental data. Nevertheless, by treating pure mass-law effects before dealing with 
mass-law and ionic-strength effects in combination, the processes at work can be better 
explained than if we were at this stage to introduce both factors (and their mode of com- 
bination, which is not simple) into a single equation, as eventually we shall have to do in 
order to develop practically useful formule. 


Fie. 2. 
Solvent Influence on Ionic Strength Effect. 














Hydrolysis of éert.-butyl bromide in ‘‘ 90% ” and “‘ 70% ” aqueous acetone at 25°. 
(Experimental points, and theoretical curves calculated without disposal constants.) 


We set out the mechanism again for convenience, and allow v,, v,, and v, to represent 
the instantaneous rates of the corresponding stages, 1.e., the numbers of molecules or ions 
converted per second at any chosen moment : 


RX <2 R 4 x-—"+ ROH + Ht + x- 


We assume that v,, vp, and vg are given by the equations 
v, = k,[RX], v, = k,[R*][X~] and v, = &,[R*] 


respectively. The first of these equations is required by the well-known first approximation 
kinetics of unimolecular hydrolyses. The second and third are indicated, not only by 
common sense, but by what was found (preceding paper) when we added to the above 
system another reaction (2’), of the same nature as (2), by introducing an anion Y~ so chosen 
that RY was completely stable : 


R+ + Y-_™ , Ry 


We showed that reaction (2’) was unimolecular with respect to Y~ (azide ions), and that 
reactions (2’) and (3) had the same molecularity with respect to Rt. We assume, as usual, 
that k, is much smaller than k,. This means that, throughout the measurable part of the 
reaction, the amount of material held up in the form R* is a negligible fraction of the total, 
so that the numbers of R* ions formed and destroyed per second can be equated: 2, = 
V2 +3. The rate which we measure when, for instance, we estimate [H*] is v,. Using 
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the last-mentioned equation to eliminate the unknown concentration [R*] from the 
expression for vs, we have 


dx v __ Ay{RX] _ kyla — x)kg __ hy (a — x) 
@ "+0, RX 1+h ke thy xt * 


where we have written a — x for [RX] and x for [X~] in accordance with usual notation. 

The constant « = k, /k, is the essential measure of the intensity of the mass-law effect. 
If it is so small that ax is negligible in comparison with unity over the whole range of vari- 
ation of x, in short, if «a is negligible compared with unity, then the reaction will accurately 
obey the first-order rate law, of which the constant is simply £,, the rate constant of stage 
(1). If aa is not negligible compared with unity, then there will be deviations in the sense 
that the specific rate (dx/dt)/a — x) will fall progressively as x increases. However, at the 
commencement of reaction (x = 0) the specific rate, k,, will again be equal to k,, the 
rate constant of ionisation (cf. p. 982}. Ionic-strength effects, being absent at the 
commencement of reaction, do not disturb this last identification. 





Fic. 3. 
Idealised Mass-law Effect. 











05 I 
0 40 
100x/a. 





The solution of equation (5) is 
ky = ¢7[2-303(1 + aa) logy{a/(a — x)} — ax] 


and, on comparing this equation with equation (4), which defines the integrated first-order 
tate constants, k,, by whose variation we have expressed our observed kinetic deviations, 
we find that these variable constants are connected to the true constant, k,, by the relation 


ky = (ky + ax/t)/(1 + aa) 
Noting that the limit of x/t at ¢ = 0 is kya, we see that ky will range, as reaction proceeds, 
from its initial value k, = k, to the smaller, final value k,/(1 + aa), i.e., that k,/k, 
will range from 1 to 1/(1 + aa). Curves showing the variation of k,/k, for a particular 
value of a and several assumed values of « are plotted in Fig. 3. Comparing these descend- 
ing curves with the ascending curves of Figs. 1 and 2, one supposes that the combination 
of mass-law and ionic-strength effects must lead to curves lying between the curves appro- 


priate to the separate effects. This is true, although we should go wrong if we were to 
assume that the curves for the combination of effects would have an intermediate curvature. 
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(b) Combination of mass-law and iontc-strength effects. It is obvious from the preceding 
sub-section that as soon as we find values of k,/k, dropping below unity we can be sure, 
independently of other evidence, that the unimolecular mechanism is under observation. 
Therefore we may expect to discover certain details concerning this mechanism by investi- 
gating the combination of mass-law and ionic strength effects and comparing the results 
with the observational data. 

This combination of the two effects is not straightforward. In the first place they do 
not combine merely as superposed but independent influences : there is a mutual relation 
in that the mass-law effect lends to the ionic-strength effect an accelerating power additional 
to that which the latter would have had in the absence of the former. This arises in the 
following way. 

As shown in Section (1), the ionic-strength effect increases v, according to the equation 


v, = k,(a — x) antilog,,(0-912 x 10'8ox/D°T?) . . . . (6) 


where k, is the rate constant for stage (1) at zero ionic strength, and is equal to the limit 
to which measured first-order rate constants tend on approaching zero ionic strength. 
When v, is negligible in comparison with vg, 7.¢., when there is no appreciable mass-law 
effect, this is the sole disturbance to the measured rate. However, when 1, is not negligible 
compared with vs, 4.e,, when there is a mass-law effect, then the ionic-strength effect can 
modify v, and v, differently, thereby partially diverting the reaction from route (2) into 
route (3); this also increases the measured rate, because it is in route (3) that the measure- 
ment of reaction progress is made. 

In order to calculate this diverting action, we must calculate the ionic-strength effect 
in stages (2) and (3) separately. The effect on stage (2) is easily calculated for great 
dilution, because we are already convinced (preceding sub-section) that this stage is uni- 
molecular with respect to each of the participating ions, Rt and X~. Therefore it is neces- 
sary only to introduce into the right-hand side of our previous equation, v, = k,[R*][X~], 
the Brénsted activity correction, f, f_/fr, where fr, the activity coefficient of the transition 
state, is given by equation (2), whilst, to the approximation to which we are working, /, 


and f_, the activity coefficients of the ions, are given by Debye’s formula, 


“2 Ne ut 7 
1000 * #* * (DT)™ ° .. 6. a % (7) 


We prefer not to strive for greater accuracy by using the second approximation theory of 
Debye and Hiickel, because this would involve the undesirable introduction of a disposable 
parameter. Inserting the values of the universal constants, and writing x for [X~], we find 


Vp = ky[R*]x antilog,o{(0-912 x 10°ox/D2T2) — (3-63 x 10%x4/DT%)} (8) 


where k, is the value of k, at zero ionic strength. 

The complication with regard to stage (3) is that, although it must be unimolecular 
with respect to the ion R*, we have, at the outset, only semi-intuitive reasoning to tell us 
whether to treat it as unimolecular or multimolecular with respect to water. However, 
we can try both hypotheses, which are strongly differentiated in their consequences, and 
decide finally between them after comparison with the results of experiment. 

We may first consider “‘ Hypothesis I,”"—that stage (3) is unimolecular with respect to 
water. Then the activity coefficient, f,,,, of the transition state, (R OH,)*, of 
stage (3) will closely approximate to f,, the activity coefficient of R*. Since in any single 
kinetic run the activity of the water is constant, we may regard the factors [H,O]/g,0 as 
absorbed in the reaction constant k,. Thus Brénsted’s activity correction factor reduces 
to f,/f+aq = 1, and the rate equation is eee 


| Weep ren 


Independently of the results of our dl we should have been fundamentally 
unwilling to believe in this equation for the following reason. Mechanism Syl for the 
aqueous hydrolysis of alkyl halides implies a time-lag between stages (1) and (3): when 
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the time-lag vanishes, then this mechanism degenerates into the single-stage mechanism 
Sx2. Now the cation R* formed in mechanism Syl must be highly energised, and we may 
suppose that, if it does not already contain the activation energy of stage (3), then it can 
very easily acquire that energy by collision with surrounding water molecules. Therefore 
we are disposed to regard, as the main reason for the time-lag, the small statistical prob- 
ability of the transition state of stage (3). But this implies a complex configuration, 
considerably more complex, we suppose, than is possible for (R OH,)*. 

We know that many water molecules must contribute the solvation energy necessary 
to secure the splitting of the carbon-halogen bond in stage (1), and that therefore the cation 
R* must be formed within an aqueous solvation shell. Hypothesis I treats this cation as 
ending its life when the shell is pierced by an energised water molecule coming from the 
external medium. But since all the elements of reactivity are present in the shell itself, 
it is much more likely that it ends its history by collapse, after having come into a critical 
phase—its transition state. . 

In the preceding paper we showed, in the example R = dimethylbenzhydryl, that the 
relative frequency with which the solvation shell of R* was pierced by foreign anions, 
Y- = N,-, to produce RY, and, therefore, the relative frequency with which the shell 
underwent the alternative process of collapse to form ROH, were both independent of the 
macroscopic water concentration over the investigated five-fold range. Although we 
should not necessarily postulate such a complete independence for all alkyl cations, the 
result shows that the composition and constitution of the solvation shell of the dimethyl- 
benzhydryl cation are essentially independent of the composition of the external medium 
within the range over which this was varied. It shows, furthermore, that this shell is 
“water tight ” enough effectively to protect the cation from attack by water molecules 
coming from the external medium. That is another reason why we envisage the shell as 
collapsing, rather than as being pierced by high-velocity water molecules. 

Thus two lines of a priors argument, and one deduction from experimental results 
converge to indicate “‘ Hypothesis II,” which is that stage (3) is multimolecular with respect 
to water. We may here anticipate what we have yet to show by claiming the success 
of this hypothesis in relation to our kinetic measurements as a second experimental 
confirmation of the same conclusion. 

The transition state for the collapse of the shell may be schematically represented 
[R----OH---+(H-++-OH-:---),H]* (with » large), and its important feature from the 
kinetic standpoint is the very large spatial (three-dimensional) distribution of the positive 
charge. This means that we cannot calculate its activity coefficient by means of Debye’s 
limiting law. As the spatial distribution is increased, the extra factor which enters 
into the Debye—Hiickel law causes — Inf,,, to approach zero, and, indeed, for our con- 
centrations, zero will be a better approximation than the right hand side of equation (7).* 
Confining our treatment, as heretofore, to the best approximation that can be made without 
introducing disposable constants, we see that the Brénsted correction factor becomes 
fi lfiaq = f+, with f, as given by equation (7). Thus the rate equation is 


V, = kg[R*]/antilog,,(1-815 x 10844/D°*°T**)  . . . . (10) 


For completeness we also investigate two other conceivable hypotheses. One is 
Hypothesis III, viz., that under our condition of hydrolysis the alkyl cation is destroyed by 
the attack of a hydroxide ion. The transition state is now a dipole, whose activity coeffi- 
cient, f, will be given by an equation like (2) but with o’ written for «. The Brénsted 
factor will be f,f_/fr. Since the concentration of hydroxide ions varies inversely as x, 
the rate equation will be 


Us = ky [R*]2-1 antilog,of(0-912 x 10%a’x/D®T2) — (3-63 x 10%x!/D"T")} . (11) 


Finally we may consider Hypothesis IV, viz., that under our conditions the cation is 
destroyed by a hydroxide ion acting in collaboration with many water molecules. The 
transition state is now the diffuse, neutral mass, R----OH----(H----OH--->), 


* Professor G. B. Kistiakowsky drew our attention to this in the course of a private discussion. 





990 Bateman, Church, Hughes, Ingold, and Taher: Mechanism of 


(again large), and thus its activity coefficient may be set equal to unity. Therefore the 
rate equation is 


Vz = kg [R*]/x antilog,9(3-63 x 108x4/D*°T*") . 2. 2... (12) 


In order to obtain expressions, corresponding to these four hypotheses, for the measured 
rate dx/dt, we substitute in the mass-law equation (5) for 0, by means of equation (6), 
for v, by means of equation (8), and for vs by means of equations (9), (10), (11) and (12), 
severally. Thus we obtain the following : 

(Hypothesis I) 

dx _ ky (a — x) 

dt a x antilog,)(— 3-63 x 10®x'/D**T**) + antilog,.>(— 0-912 x 10'%exD?T?) * 
(Hypothesis IT) 

dx _ h(a — 2) os 
dt ~~ a x antilog,)(— 1-815 x 10®x*/D**T*") + antilog,9(— 0-912 x 10!%ex/D?T?) 
(Hypothesis III) 

dx ky (a — 2) 

dt = a x? antilog,)(— 0-912 x 10'%o'x/D?T?) + antilog,)(— 0-912 x 10!*ex/D?T?) 


(Hypothesis IV) 





(13) 








(15) 


ax k(a — x) 
dt = «x2 + antilog,,(— 0-912 x 10'%ex/D®T?) ° 


(c) Applications to experimental data. The last four equations all contain « = k,/k,, 
the characteristic constant expressing the strength of the mass-law effect. We shall treat 
«® in this section as a disposable constant, although in Section (5) we shall find that it is 
capable of being independently determined through the effect of added salts. All four 
equations also contain o, the characteristic constant for the ionic-strength effect in processes 
(1) and (2) of mechanism Sy. As we do not want to have to adjust two parameters, we 
shall take advantage of the circumstance that « can be found simply and independently 
from salt effects, as is shown in Section 4. Equation (15) contains also o’, the constant 
which characterises the ionic-strength effect in process (3) according to Hypothesis III. 
This constant cannot be very different from the known constant o, and in applying equation 
(15) we shall assume that o’ = o, as no tenable assumption about o’ makes any difference 
to the conclusion we shall reach, viz., that equation (15) is wrong anyhow. 

The most sensitive kinetic experiment we have with which to test these formule is the 
hydrolysis of 0-0463mM-dimethylbenzhydryl chloride in “90%” aqueous acetone at 0° 
(preceding paper): both the mass-law and the ionic-strength effect are here particularly 
powerful, because a and o are each greater than for any other of the investigated halides, 
and because the solvent has a small water content; also the kinetics in this solvent are 
rather accurately measured, as the rate is of a convenient order. Using the appropriate 
values of D and T, and the value 108+ = 2-73 determined in Section (4), we combine, in 
turn, the numerically integrated form of each of the equations (13)—(16) with equation (4), 
eliminate ¢, and thus calculate what should, according to each of the four hypotheses, be 
the dependence of k,/k,, the proportional change in the integrated, first-order rate 
constant, on 100x/a, the percentage progress of reaction; and in the case of each hypo- 
thesis we do this for various assumed values of the mass-law constant, «, seeking that value 
which gives the best agreement with experiment. 

The results are illustrated in Fig. 4. For Hypotheses I, III, and IV there is no value 
of « which will lead to agreement with experiment: the curves for Hypothesis I pass 
through a minimum, whilst those for Hypotheses III and IV have maxima and are concave 
to the origin. We show but one curve for each of these hypotheses, the parameter, «®, 
being in each case chosen to give about the right integrated rate constant at 60% of 
reaction. Hypothesis II alone yields curves of the correct general form, viz., curves which 
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fall steadily and are convex to the origin. . The curve for «® = 69 agrees with the experi- 
mental data to within the limits of accuracy of the latter. Two other curves of the same 
family, but with different values of «, are also plotted in order to give an indication of 
the dependence of the slope on «®. 

The above comparison indicates Hypothesis II to the exclusion ‘of its alternatives, and 
almost any of our experiments on the kinetics of hydrolysis of simple and substituted 
benzhydryl halides could have been used to similar effect. As anyone interested will be 
able to verify this statement by calculation from the data and formule given, we shall not 
pursue further illustrations of the comparative merits of the four hypotheses, but will 
henceforth take it for granted that no further discussion of Hypotheses I, III, and IV is 
necessary.* 

The interpretation expressed by the curve labelled “‘ II, « = 69” represents a specified, 
accelerating ionic-strength effect, and a specified retarding mass-law effect, combined in a 
particular way. Some check on this interpretation can be obtained by passing to more 


Fic. 4, 
Kinetics of Hydrolysis of 0-0463m-pp’-Dimethylbenzhydryl Chloride in “‘ 90%” Aqueous Acetone at 0°. 





(MeC,H,),CHC1 











I, II, III, IV = theoretical curves according to Hypotheses I, II, III, IV respectively [10% = 2-73, 
a® as shown]. @© = experimental observations (this vol., p. 974). 


aqueous solvents; for then the ionic-strength effect will be cut down by calculable amounts, 
the mass-law effect will remain essentially the same, and the mode of combination will have 
been determined. The first of these statements can be accepted because the ionic-strength 
effect depends on the solvent through its macroscopic dielectric constant only; the second 
follows because we have already shown, by means of experiments with azide ions, that the 
properties of the hydration shell through which anions attack the alkyl cation are inde- 
pendent of the solvent for our range of solvents. Thus everything is determinate: we 
must use equation (14) with « = 69, 108 = 2-73, and the appropriate D and T. This 
test has been carried out in relation to our kinetic experiments in “ 85% ”’ and “‘ 80% ”’ 
aqueous acetone, and the agreement is good, although, owing to the rapidity of hydrolysis 
in these solvents, the experimental results are not highly accurate and the points repre- 
senting observations show considerable scatter about the theoretical curves. In order to 
illustrate the solvent effect the theoretical curves, and the corresponding observations, for 
“90% ” and “ 80% ” aqueous acetone are compared in Fig. 5; the results for “ 85% ” 
aqueous acetone fall, as they should, about a curve lying between those shown. 


* It will be appreciated that it is only for hydrolysis in neutral and in acidic solutions that we have 
as yet proved that Stage 3 has only one mechanism, viz., that of Hypothesis II. We hope in due course 
to ascertain whether or not large concentrations of hydroxide ions bring about an incursion of some 
other mechanism of alkyl cation hydroxylation; the most probable one is that represented by 
Hypothesis IV. 
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Fic. 5. 
Solvent Effect on Kinetics of Hydrolysis of pp’-Dimethylbenzhydryl Chloride in Aqueous Acetone at 0°, 


1-2. 
v 





(MeC,H,)2CHC1 


“90% Aqueous acetone 
(a =0-0439) 


BOR", apie acetone 
(a=0-0463) 








0 





1 1 
0 2 40 60 
0 x/a. 

[Observations, © for ‘‘ 90% ” aqueous acetone and x for “‘ 80% ”’ aqueous acetone, are compared 
with the curves required by the time-eliminant of equations (4) an ‘(d). The upper curve determines 
the disposable constant, a = 69, which then fixes the lower curve. The values, a, refer to the initial 
concentration of the alkyl halide, which enters into the theoretical ‘eutee) 


Fie. 6, 
Kinetics of Hydrolysis of some Further Alkyl Chlorides in Aqueous Acetone. 
12 





(C,H,),CHC1 





BwC.H¢CHPhCl 


MeC,H,CHPhCl 








=—-----(MeC,H,),CHC1 
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Curves of Eliminant of Equations 4 and 14. 
1. a®™ = 10; 10% = 1-62; “ 904 " ” aq. acetone; 50-0°; = 0-0968. 
2 meet 2-22; “* 90 - 0-0471. 
3. > ” . tees 80% > 25: ‘0°: 0-1015. 
“4, > “22; bom a 0-0794. 
5. ; ” > ® 9 .° 0-1005. 
6 ; 0-0°; 0-0463. 
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Having now discussed in detail the kinetics of the hydrolysis of our two extreme examples, 
tert.-butyl bromide and #p’-dimethylbenzhydryl chloride, it remains to be shown that the 
intermediate members of the alkyl halide series also exhibit kinetics represented by 
equation (14). According to the position of the alkyl group in the series, 4.¢., according to 
the length of time that the solvation shell of the alkyl cation normally survives before 
internal collapse, the various alkyl halides will have mass-law constants, « = k,/k,@ 
(representing the efficacy with which these solvated cations are destroyed by their own 
anions) which range from some small value, supposed on indirect reasoning to be of the 
order 1—2 for tert.-butyl bromide, to 69, the value for pp’-dimethylbenzhydryl chloride. 
From the point of view of the alkyl series, we should consider the alkyl chlorides and alkyl 
bromides separately, because the reactivity of the bromide ion towards a particular alkyl 
cation is considerably greater than that of the chloride ion. We find for benzhydryl 
chloride the value 10, for #-¢ert.-butylbenzhydryl chloride 20, and for -methylbenzhydryl 
chloride 35; benzhydryl bromide has the larger value 50. With these constants, and the 
values determined in Section 4 for the ionic-strength constants, «, together with the experi- 
mental temperature, the dielectric constant of the solvent used, and the initial concen- 
tration of alkyl halide taken, we can, for each kinetic experiment, construct the curves 
defined by the time-eliminant of equations (4) and (14). .We find that in all cases these 
curves express the observations to within the limits of accuracy of the latter. The solvent 
influence is accounted for, even for those halides in which the ionic-strength and the mass- 
law effect are so nearly balanced that the qualitative behaviour of the specific rate (its rise, 
fall, or approximate constancy) can be changed by changing the solvent. The comparison 
of theory and practice for as many of these experiments as can be represented without 
confusion on a single diagram is shown in Fig 6. 

By reference to Table I (p. 981) the reader will be reminded that the progressive retard- 
ations of the specific rate illustrated in Figs. 4, 5, and 6 are impossible on the single-stage, 
bimolecular mechanism of hydrolysis. 


(4—5) Influence of Added Salts (Method 5). 


(4) The Ionic-strength Effect as Sole Contributor to the Salt Influence.—(a) Theory. 
Reference to Table I will indicate the circumstances in which we might expect only the 
ionic-strength effect to contribute to the salt influence. Three cases arise. Considering 
first the unimolecular mechanism, we expect to observe a substantially pure ionic-strength 
effect when ionised salts are added in the hydrolysis of a halide, such as ¢ert.-butyl bromide, 
which shows a nearly pure ionic-strength effect in its hydrolysis without added salts. 
Independently of whether the anion of the salt is identical with or different from the anion 
given by the alkyl halide, added salts should accelerate hydrolysis to an extent which can 
be calculated if the constant, o, characterising the ionic-strength effect is known; or, 
alternatively, the observed accelerations may be used to determine o independently. 
With either method of treatment, the solvent influence on the acceleration can be predicted. 
Concerning the bimolecular mechanism, all that we can say in relation to this particular 
application is that the ionic-strength acceleration should be much smaller than would be 
calculated by the methods considered—and therefore much smaller than the acceleration 
found, since we shall show that this agrees quite well with the calculations. 

The next case relates to halides, such as the simple and substituted benzhydryl halides 
which show a marked mass-law effect in their hydrolysis without added salts. In the 
unimolecular mechanism, the mass-law effect of salts whose anions are identical with that 
of the alkyl halides should contribute a retarding influence. Inthe bimolecular mechanism, 
however, the mass-law effect does not enter with salts of this type, and we are left simply 
with the small ionic-strength acceleration. As in our experiments on all simple and 
substituted benzhydryl halides with added salts of the “ common-ion”’ type we observe 
tetardations, it is obvious that, once again, the bimolecular mechanism cannot be accommo- 
dated to the observations. Therefore we need only discuss the unimolecular mechanism, 
and, in relation to this class of example, the discussion is best reserved for Section 5, where 
we shall be dealing with superposed ionic-strength and mass-law effects. 

The third case relates to the same series of alkyl halides and to added salts whose anions 
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are different from those of the alkyl halides. In this case, according to the unimolecular 
mechanism, the mass-law effect does not arise in the initial part of reaction, and we are left 
with a pure ionic-strength effect, which should be covered by the theory already illustrated. 
As before, the solvent-dependence of this effect can be calculated. During the later stages 
of reaction we shall have a mass-law effect arising from the anions liberated in hydrolysis 
from the alkyl halide itself; the discussion of this phenomenon, and of the manner in which 
it is modified by the added salt, is reserved for Section 5. The bimolecular mechanism 
requires a mass-law effect (attack by the added anions on alkyl halide molecules), but the 
resulting acceleration should agree with the composition of the reaction product, if the 
latter is stable. Though proof is deferred to Section (5), we may state here that there is, 
on the contrary, a marked disagreement between rate and composition. These consider- 
ations enable us to reduce the contents of this Section essentially to a discussion of the first 
and third of the three cases, each in relation to the unimolecular mechanism only. The 
quantitative theory is implicit in the formule already given in Section 2. 

(b) Application to experimental data: tert.-butyl bromide. In the case of #ert.-butyl 
bromide,* we have already obtained the ionic-strength parameter 108s = 0-74 from the 
kinetics in the absence of salts, and have confirmed its correct order of magnitude by 
means of a rough calculation based on the Morse function. From this value of o we can at 
once calculate by what factor the initial rate should be increased by the addition of any fully 
ionised, uni-univalent electrolyte of concentration c. The formula, which follows from 
equation (3), is, 

k,°/ky® = antilog,,(0-912 x 10,,0c/D®T*?) . . . . . (17) 


Comparing the calculated values with those given by the experiments already recorded, 
we obtain the figures in Table III, columns 4 and 5. The agreement is good, considering 
the approximations in the theory and the difficulty of achieving a precision better than, 
say, 2%, in the measurements. We do not know whether it is significant that the observed 
accelerations are all very slightly higher than the calculated, but if we accept the observed 
figures and then calculate the values of 10°%o required to give exact agreement, we obtain 


the figures of column 6, which are naturally a little higher than the value, 0-74, already 
deduced (c is rather sensitive to small changes in the k-ratio). 


TABLE III. 


Effects of Added Salts on the Initial Rate (k, in sec.) of Hydrolysis of tert.-Butyl Bromide 
in “90% ” Aqueous Acetone at 50-0°. 


105k,©. k,%/ky™ (found). k,©/k, (calc.). 108 (calc.). 
19-0 1-00 
27-5 . 1-39 0-82 
26-3 ‘ 1-37 0-78 
26-5 . 1-36 0-80 


) — — 


We can use these constants in association with the simple extension, (18), of equation 
(3) in order to calculate the kinetic forms of the reactions occurring in the presence of the 
added salts : 


dx/dt = k,(a — x) antilog, {0-912 x 10%o(c + x)/D®T7} . . . (18) 


We have to eliminate ¢ between equations (4) and (18), after numerical integration of the 
latter, thus obtaining, as a function of the percentage progress of reaction in the presence 
of the salt, the integrated first-order rate constant, reckoned, however, as a multiple of the 
initial specific rate in the absence of the salt. The results of this type of calculation, as 
applied to our data for ¢ert.-butyl bromide, are not good, as will be seen from the illustration 
in Fig. 7; and, as we can get much better results in analogous calculations referring to 
experiments at higher dilution (p. 996), we take this to mean that our formule, which really 


* For the reason given in the footnote on p. 984, the circumstance that a small part of the measured 
reaction of fert.-butyl bromide consists in the formation of isobutylene does not affect our argument 
here, in relation either to the initial rates, or to the kinetic form of hydrolysis, in the presence of added 
salts, 
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belong to the region of very dilute solution, give a good account of experiments in which 
the ionic strength, p, is less than a certain limit (0-04—0-10, depending on the alkyl halide), 
but fail appreciably when applied to experiments in which the ionic strength rises from 
0-1 to 0-2. It can be shown that the deviation is in the expected direction (p. 996). 

(c) Application to experimental data: Simple and substituted benzhydryl halides and 
“ non-common ion’’ salts. By “‘ non-common ion ”’ salts we mean salts whose anions are 
not the same as the anion given by the alkyl halide. In these examples, in which a pure 
jonic-strength effect is to be expected in the initial stages of reaction, we find ourselves 
without any independent means of measuring the characteristic constant o, and have no 
recourse but to employ the observed initial accelerations produced by the added salts for 
the determination of this constant. We can, however, obtain some check by changing 
the conditions, the two most important conditions being the solvent and the concentration 
of added salt : from the observed acceleration of initial rate, k,/k,, for one particular 
solvent-composition, temperature and salt-concentration, the acceleration for other values 
of these variables can be calculated by eliminating « between two equations of form (17), 
containing the appropriate values of D, T,andc. The results of some calculations of this 
type are compared with the results of observations in Table IV. The agreement is in all 


Fic. 7. 


Kinetics of Hydrolyses of 0- "1056m-tert. -Butyl Bromide in the Presence of 0-10665M-Lithium Bromide in 
“90% ” Aqueous Acetone at 50-0°. 





Bu’ Br+LiBr 
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[Curve 1: (pu, 0-10665 > 0-2121) 10% = 0-82. Curve 1’: experimental deviation from Curve 1. 











cases good. The first three relate essentially to solvent changes, and the fourth to a con- 
centration change. The last is a particularly simple confirmation of the conclusion that 
the ionic-strength effect depends on an exponential function of the first power of the ionic 
strength (e%*t-“), as it should from the theory of dipole-ion interaction, and neither on the 
less steeply ascending square-root function (e*t-¥“) of the Debye theory of ion-ion inter- 
action, nor on any such more steeply ascending function as would almost certainly have 
been required if the transition state of the rate-controlling process had been of such form 
that we ought to have treated it as a multipole.* 


TABLE IV. 


Effect of Conditions on the Acceleration, produced by Sodium Azide, of the Initial Reaction 
Rate of Alkyl Halides in Aqueous Acetone. 


Conditions for which 
Conditions for which k,/k,™ is to be 
k,©/k, is given. calculated. 
n~ Given 








e ‘ - A . Calc. Found 
Alkyl halide.  Solv. Temp. c.. &,/k,. Solv. Temp. cc.  ky/ki. h,/hy®. 
Ph,CHCl .. “90%” 60° 0-1009 2-13 0-0999 1-33 1-31 
(Me-C,H,),CHCI ... *- 0 0-0512 1-71 85%’ 0-0512 1-53 1-50 
” ” ” ” 0-0540 1-40 1-40 
Buy-C,H,-CHPhCl n 50 0-0501 1-70 A 0-1000 2-88 2-88 


* In the next paper but one an ionic-strength effect involving the same dependence on salt con- 
centration is established for a halogen-exchange reaction of a benzhydryl halide (F~ + RCI——> RF + 
Cl-) in sulphur dioxide solution. This reaction also exhibits strikingly the mass-law effect which diag- 
noses the unimolecular mechanism that requires the particular form of ionic-strength effect illustrated. 
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The only other possible check arises from the consideration that in very dilute solution 
the sole property of the added salt which is of significance in a pure ionic-strength effect 
is the valency of its ions. As the four salts we have used are all uni-univalent, this means 
that for any one alkyl halide, and for the same solvent, temperature and (low) salt-con- 
centration, the proportional rate increase k,@/k,® should be independent of which salt 
is employed. The different salts have not been used in exactly the same concentration, 
but the concentrations always approximated more or less closely to either 0-05 or 0-1, 
and we can easily correct the proportional rate increases, by means of the e™**-#-law, to 
correspond exactly to whichever of these two standard concentrations the actual experi- 
mental concentrations were closer to. These corrections are applied in columns 8 and 9 
of Table V, in which the values for ¢ert.-butyl bromide are included for completeness. The 
figures bracketed together in these two columns are those which should be identical if the 
concentration at which comparison is made were small enough. The agreement is good at 
the lower of the two concentrations, but uneven at the higher one. This is not unexpected, 
because the correction factors required to give us an accurate law for higher concentrations 
differ with each salt. Furthermore, since the factor essentially responsible for limiting the 
validity of our dilute solution law is molecular size, it might have been anticipated that the 
law would be found applicable up to a higher concentration for the reactions of ¢ert.-butyl 
bromide than for those of any of the benzhydryl halides. The bracketed figures show this; 
and the same point is illustrated in several other ways later in this paper. Only experi- 
ments with “‘non-common ion salts” are included in the Table, because, in general, 
“‘common-ion salts” give very different values owing to the incursion of the mass-law 
effects. 

TABLE V. 


Effect of “‘ Non-common-ion Salts’ on the Initial Rate of Reaction of Alkyl Halides in Aqueous 
Acetone, and Values of the Iontc-strength Constant. 


Conditions. k,/©/k,™ corr. to 


ct - ‘ | en 

Alkyl] halide. , Solv. Temp. & 105k, k,©/ky. ¢c=0-05. c=0-1. 
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(d) The ionic-strength constant, c. The last column of Table V records the values of 
108s, which can be calculated from the data by application of equation (17). We may 
consider the order of magnitude of these values. It will be recalled that, according to our 
model in which the transition state is treated as a simple dipole, o has the constitution z*d, 
where z is the fraction of the ionic charge which is transferred from carbon to halogen in 
the transition state of ionisation, and d is the distance between the charges. We neglect 
the numerical factor which in Kirkwood’s investigation varied with the shape of the struc- 
ture containing the dipole, because in no real case can it be computed, nor can it differ 
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from unity sufficiently to be important for an order-of-magnitude calculation. We note 
in the first place that all the o-values are of the order 1—2., which is correct. Taking 
z = } as a rough approximation, using the Morse relation, and assuming that in the transi- 
tion state of éert.-butyl bromide the whole of the positive charge is located on the tertiary 
carbon atom, we previously calculated for this substance 10%« = 0-65, which agrees suffi- 
ciently with the observed value. The much greater observed values for the simple and 
substituted benzhydryl halides may be attributed, in part at least, to the mesomerism of 
the transition states of these structures: this tends to locate the positive charge within the 
benzene rings. On carrying out a similar rough calculation for benzyl chloride and benzyl 
bromide, with the assumption that z = 4 and that the positive charges are located at the 
centres of the benzene rings,* we found 10%« = 1-28 for the chloride and 1-36 for the bromide. 
The small difference between the two halides is due essentially to the different sizes of the 
two halogens, and a similar difference appears in the observed values for benzhydryl 
chloride and bromide, although these observed figures are greater. The further increase 
of o with p-alkyl substitution is in qualitative agreement with the theory of electron release 
from these p-substituents and especially from p-methyl groups (p. 982): this tends to seat 
the positive charges still further from the halogen atom in the transition state. It would 
also be reasonable to suppose that the value of z tends to increase in these aromatic struc- 
tures, t.¢., that, as the electrical capacity of the aralphyl system is increased, a greater 
charge-transfer becomes necessary in order to determine the eventual fission of the carbon- 
halogen bond.t 

(5) Ionic-strength and Mass-law Effects as Joint Contributors to the Salt Influence.— 
(a) Theory. As will be seen from Table I (p. 981), the addition of “ common-ion salts,” 
4.¢., salts whose anions are identical with the anion given by the alkyl halide, introduces 
a mass-law effect according to the unimolecular mechanism; and this mass-law effect 
contributes a retardation of the reaction rate, which may or may not outweigh the normal 
ionic-strength acceleration. According to the bimolecular mechanism “ common-ion 
salts ’’ should have no mass-law effect, so that this mechanism cannot accommodate an 
observed retardation of the reaction rate. Since for all but one of the investigated alkyl 
halides we observe retardations by added ‘“‘ common-ion salts,’”’ there is no hope of fitting 
the bimolecular mechanism to our results in this field, and therefore we shall further 
consider them only in relation to the unimolecular mechanism. 

With added “ non-common-ion ” salts the position is partly reversed. According to 
the unimolecular mechanism, such salts contribute no mass-law effect of their own, although 
after the initial stages of reaction, they will modify the mass-law effect of the anions pro- 
duced from the alkyl halide itself. The mass-law effect is absent initially because, in the 
unimolecular mechanism, intervention by added anions occurs only after the rate-deter- 


_* We assumed also that the activation energy was 23 kg.-cals./g.-mol. in each case, and that the 


“SN 
C-C-Hal angle would be close to 180° in the transition state, although it is considerably smaller in the 
normal state. 

+ On looking over our previous results in order to discover why we did not detect the deviations 
from first-order kinetics before 1937, we found the reason to be that almost all the work was done with 
tert-butyl halides for which the ionic-strength constant is rather small and the mass-law constant very 
small: even the ionic-strength effect could scarcely have been observed with these halides because of 
the relatively low initial concentrations and the unfavourable solvent compositions employed. On the 
other hand, attention was drawn in published experiments on a-phenylethyl chloride to deviations 
from first-order kinetics, which can now clearly be recognised as an ionic-strength effect (Hughes, 
Ingold, and Scott, J., 1937, 1201). This is a halide whose position, as judged from its absolute hydrolysis 
tate, in the series, given on p. 982, would be almost identical with that of tert.-butyl chloride, so that 
we should expect a negligible mass-law effect. On the other hand, owing to the phenyl substituent, 
we should expect a relatively large ionic-strength effect in accordance with the argument given above. 
Actually, with the halide initially in 0-16m-concentration in “ 80%” aqueous acetone at 70°, the 
integrated first-order rate constant rose steadily from 8-56 x 10 sec. at 14% of reaction to 9-73 x 
10* sec“! at 83% of reaction, and a similarly rising constant was obtained by polarimetric observation 
on the optically active compound. In ‘‘ 60%” aqueous alcohol, however, in which theory shows that 
the effect should be greatly reduced, the observed drift was much smaller and occasioned no special 
Temark, 
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mining stage, and if the anions are “ non-common-ions’’ they do not reverse the rate- 
determining stage. On the other hand, according to the bimolecular mechanism there is 
only one reaction-stage, and thus ‘‘ non-common-ion ”’ salts should contribute a mass-law 
acceleration, which can be recognised by means of its connexion with the composition of 
the reaction product. It can be arranged that attack by the added anion shall lead to a 
stable substitution product, of which the amount formed can be directly estimated: we 
then know that, in the bimolecular mechanism, its formation must make an additive 
contribution to the total, measured rate. 

We shall examine this last point first, because it is very simple and the results will 
relieve us of any necessity to consider the bimolecular mechanism further. We shall then 
trace in more detail the consequences of the unimolecular mechanism. For quantitative 
purposes we shall combine the ionic-strength and the mass-law effect in accordance 
with ‘‘ Hypothesis II”’ (that hydroxylation of the alkyl cation is multimolecular with 
respect to water). It is not necessary to develop the requisite formule in this sub-section : 
they follow so directly from the theory of Section 3 that they can be written down from 
inspection as needed. 

(b) Attempted correlation of reaction rates and product compositions. The product 
compositions can be determined when the added salt is sodium azide, because alkyl azides 
are not hydrolysed under the conditions used. According to the unimolecular mechanism 
there should be no connexion between the reaction rates and product compositions, because 
these quantities are determined in different reaction stages. The bimolecular mechanism, 
however, requires the additive connexion already mentioned. Since the attempted corre- 
lation is thus a test for the bimolecular mechanism, in which the ionic-strength effects 
should be weak, we neglect the latter—especially as it could make no difference to the 
outcome were we to take them into account. On this basis, we compare in Table VI the 
proportions in which alkyl azides have been observed to be formed in the initial stages of 
the reactions of alkyl halides with aqueous acetone in the presence of added sodium azide, 
with the proportions in which they should have been formed in order to make the correct 
(bimolecular) contribution to the initial rate. We use initial rates because they have a 
definite and not a drifting value, and can be correlated with a definite and not a diminishing 
concentration of azide ions. It will be seen from the Table that in one case this calculated 
proportion of alkyl azide is much too high, in another it is about right, and in three others 
it is much too low. Obviously the simple relationship required by the bimolecular 
mechanism does not obtain. 


TABLE VI. 


Observed Product Compositions and Compositions calculated on the Bimolecular Mechanism 
for Reactions of Alkyl Halides with Aqueous Acetone containing Sodium Azide. 


Initial proportion RN;. 


Alkyl halide. i : Cc. k 101k (), Obs. (%). Calc. (%). 
BuYBr . ons.cee 6 0-1000 28-5 
Buy-C,H,-CHPhCl * 2 0-0501 ‘ 41-2 
(Me-C,H,),CHC1 PP 0-0512 . 41-5 

0 ** 85 0-0512 ° 33-3 
i % - 0-0540 . 28-5 








(c) Internal comparison of product compositions. Experiments with added salts whose 
intervention leads to a stable substitution product can be made the basis of another simple 
test of mechanism—a test in which the positions of the unimolecular and the bimolecular 
mechanism are reversed, since it is now the former that supplies the relationship to be looked 
for. If we carry out parallel reactions with two alkyl halides containing the same alkyl 
group, say, an alkyl chloride and the corresponding alkyl bromide, each in the presence 
of the same added salt in the same concentration, then, according to the bimolecular 
mechanism, no particular relation should exist between the compositions of the products 
obtained in the two experiments, because the added anion is attacking different entities, 
the alkyl chloride and the alkyl bromide molecules. On the other hand, the unimolecular 
mechanism involves the definite requirement that the compositions of the two products 
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should be identical, because in this mechanism the added anion attacks the alkyl cation, 
which is the same for both alkyl halides. This, then, is essentially a test for the uni- 
molecular mechanism. The necessary comparison of product compositions is available 
in the reactions of benzhydryl chloride and benzhydryl bromide in aqueous acetone con- 
taining sodium azide. The rates of these reactions are very different, but, as is shown in 
Table VII, the product compositions are identical to within the limits of precision of the 
measurements; that is to say, the requirement of the unimolecular mechanism is satisfied. 
It should be explained that we are here comparing the product-compositions, not, as before, 
for the initial stages of reaction, but for the nearly completed reactions. We are allowed 
to do this, because, although different halide ions are liberated in the two hydrolyses, their 
attack does not affect the competition between azide ions and water, but only restores some 
original alkyl halide molecules, which will later ionise again to regenerate the alkyl cation 
that sooner or later must inevitably be partitioned between the azide ions and water; and 
we prefer to use the nearly completed reaction because the accuracy of the determined 
compositions is greater: initial product compositions, being based on dynamical measure- 
ments, are subject to an error of more than 2%, whereas the compared compositions are 
accurate to less than 1%; if we could delay analysis until all reaction had completely 
ceased, the accuracy would be higher still (0-2), but this procedure is precluded by the 
slight reversibility of the hydrolyses, which, though it could not be measured under the 
conditions of these experiments, must be taken into account as a possible source of 
disturbance to the compositions at infinite time. 


TABLE VII. 


Comparison of Product Compositions for Reactions of Alkyl Halides having the same Alkyl 
Radical with Aqueous Acetone containing Sodium Azide. 
Halide. Solvent. Temp. c. 105%, ROH (%). RN; (%). 


PR CHIE ccs ccicccscocsoocs ' ** G09” 50° 0-1009 12-4 66-0 34-0 
PRCHBE — cccccocceccceee ‘a - 0-1007 416 65-5 34:5 


Leaving the product compositions and turning now to the rates themselves, we have to 
discuss the following fields of application of the theory of combined ionic-strength and 
mass-law effects in the unimolecular mechanism; viz., (i) the effect of added “‘ common-ion 
salts” on the initial rate of hydrolysis of those alkyl halides which exhibit a notable mass- 
law effect; and (ii) the whole kinetic course of the reactions of these alkyl halides in the 
presence of salts of all types : for we have seen that with “ common-ion salts ” both effects 
are present initially and throughout reaction, whilst with the “ non-common-ion salts ” 
the ionic-strength effect is present from the commencement and the mass-law effect is 
present at all times after the commencement of reaction. We may now consider these 
matters. 

(d) Initial reaction rates in the presence of ‘‘ common-ion salts.’ The formula, as given by 
our theory of the unimolecular mechanism, for the effect of added ‘‘ common-ion salts ”’ 


on the initial rate of hydrolysis of alkyl halides, follows by means of a simple modification 
of equation (14) : 


h, [ky = {a antilog,9(— 1-815 x 10%c#/D**T*) 
+ antilog,)(— 0-912 x 10ec/D®T%)}1 . . (19) 


We already know the values of the ionic-strength constant o (Section 4), and we have made 
a previous approximate determination of the values of the mass-law constant «® (Section 
3). Therefore equation (19) enables us to calculate the ratios in which added “‘ common- 
ion salts’ should change the initial rates: we can compare the values so calculated with 
those observed. 

This comparison is shown in Table VIII.* The agreement is not always very good, 
but is on the whole fair. In assessing it, one must remember that some of the «® values 


* The best value of a for tert-butyl bromide so far obtained being zero, we have used this value 
for the caleulations of Table VIII, although it is practically certain that a‘) has a small finite value, 
qualitatively corresponding to the finite degree of intervention by azide ions (this vol., p. 960). an 

3x 
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have not yet been very accurately established, and that in some cases we are probably 
applying the theory outside the concentration range within which it may be expected to 
be valid. It will also be appreciated that, in all cases except that of ¢ert.-butyl bromide, 
the mass-law effect is reducing the rate-ratios from much higher values, such as were listed 
in Table V (1-3—2-9) ; wherefore two figures like 0-93 and 1-08, although they are on opposite 
sides of unity, are not really in very serious disagreement. 


TABLE VIII. 


Effect of ‘‘ Common-ion Salts ’’ on the Initial Rate of Hydrolysis of Alkyl Halides in Aqueous 
Acetone, and Comparison with Effect as calculated from the «®-Values of Section (3). 


Conditions. kk, 


cr ~ va a, 
Alkyl halide. . Solvent. Temp. q 10° ,©. Obs. Calc. 
RT “90%” 50° . 19-0 — — 
lal 2 EE OR ha a . 27-4 1-44 1-42 
Ph,CHC! .... “30%” 26 . 7-45 — 

os eee + } 7-23 0-97 0-97 

- allie * . 6-90 0-93 1-08 
Ph,CHBr .........cc cess cee “90%” 50 201 an in 

fe 161 0-80 0-98 

“e 80% ” id 76-0 ome — 
6 ie . 48-0 0-63 0-94 
Me-C,H,-CHPhCl > . 160 ont ak 
” se . 120 0-75 0-73 

- as 128 0-80 0:73 

= 117 0-73 0-70 

* 95%” . 47-0 _ inn 

eoreeseees jo . 23-0 0-49 0-58 

(e) The mass-law constant «. We may use the data of Table VIII for the purpose of 
computing additional values of the constant «, in order to combine these values with 
those derived from the kinetic form of hydrolysis in the absence of salts in an endeavour to 
fix the constants more definitely. It does not seem possible to fix them very accurately, 
probably because we have in part worked with too large concentrations.* The available 
evidence is in Table IX. 

The constant for benzhydryl bromide is evidently to be distinguished from the others, 
because it represents the competing efficacy of the bromide ion against water, whereas all 
the other constants represent the competing efficacy of chloride ions. Comparing the 
constants for benzhydryl chloride and bromide, we see that the bromide ion is about five 
times as active as the chloride ion in reaction with the benzhydryl cation. Comparing 
the chloride constants amongst themselves, we find an increase along the alkyl series given 
on p. 982; and this must correspond either to an increase of the average life of the alkyl 
cation, or to an increase in the vulnerability of its solvation shell. The second alternative 
seems very improbable, and, indeed, we would rather assume a decrease of vulnerability 
and an increase of average life large enough to constitute the preponderating influence. 

(f) Kinetic form of reactions in the presence of salts. The theoretical kinetic form varies 
with the salt, the three chief cases being “‘ common-ion salts,” ‘“‘ non-common ion salts ” 
whose intervention forms a product which is much more rapidly hydrolysed than the 
original alkyl halide, and “‘ non-common ion salts ” whose intervention forms a product that 
is not hydrolysed. In the first case we have ionic-strength and mass-law effects working 


* It was realised only when we were part-way through the experimental programme that, although 
our theoretical formule hold for #ert.-butyl bromide up to ionic strengths somewhat above 0-1, the 
limit of validity for benzhydryl and substituted benzhydryl halides is smaller, falling to about 0-04— 
0-05 in the case of dimethylbenzhydryl chloride. As the corrections which a second-approximation 
theory would introduce depend essentially on molecular size, we should have expected this greater 
restriction in the range of our formule, and reduced our concentrations accordingly as soon as we began 
to work with these larger molecules. However, although this adjustment was left rather late, we 
succeeded in carrying out a sufficiency of low-concentration experiments to illustrate all the principal 
applications of the formule before our stocks of alkylbenzhydryl halides became exhausted. For 
quantitative comparisons like those of sub-sections (5b) and (5c) it is obviously not important to 
maintain particularly low ionic strengths. 
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TABLE IX. 
Values of the Mass-law Constants «. 
Conditions. 
Alkyl halide. Method. . Solvent. Temp.  (approx.). 
” 50° ihe 





Nk nestliniin 


Ph,CHBr 


BuY-C,H,-CHPhCl 


Me-C,H,-CHPhCl 


(Me-C,H,),CHCI - 

LiCl 
together from the commencement of the reaction; in the last two we start with a pure 
ionic-strength effect and then observe a growing mass-law effect—of course modified by 
the ionic-strength effect, as well as superposed upon it, in accordance with the discussion 
of Section 3. Because of this modification, “‘ non-common-ion salts ’’ which yield a sub- 
stitution product that immediately makes more ions by hydrolysis have to be distinguished 
from ‘‘ non-common-ion salts ” which yield a stable substitution product. 

The formula for the rate of hydrolysis in the presence of “‘ common-ion salts ’’ is 


dx k,(a — x) 
ad o® (c+ x) antilog,,{— 1-815 x 10%(c + x)/DT™} + 
antilogo{— 0-912 x 10%a(c + x)/(DT)*} (20) 


This involves only the mass-law and the ionic-strength constant, « and o, appropriate 
to the alkyl halide itself. Theequationfor therate of total reaction (measured as hydrolysis) , 
of an alkyl halide RX, in the presence of a ‘‘ non-common-ion salt ’’ MY such that RY is 
hydrolysed much more rapidly than is RX, is 


1 + ayc antilog, {0-912 x 10%ey(c + x)/(DT)* — 
= hes. 1-815 x 10®(c+x)*(DT)**} 
. ax x + ay antilog, {0-912 x 10**(cy — ox)(c + x)/(DT)* — 
1-815 x bits x x NI a + 
antilog,9{ — 0-912 x 10%s,(c + x)/(DT)*} . 
This contains, not only the mass-law and the ionic-strength constant, «x ® and ox, . a 
alkyl halide being hydrolysed, but also the corresponding constants, «y and oy, of the 
compound RY; if RY is another of the investigated alkyl halides, we shall know all the 
constants necessary. The simultaneous equations for the rate, dx/d¢, of the total reaction, 
and the rates of its constituents, viz., the rate of hydrolysis, dx’ /dt, and the rate of anion 
attack, dx’’/dt, for the case of an alkyl halide RX, reacting in the presence of a “ non- 


common-ion salt ”” MZ such that RZ is not appreciably hydrolysed during the time of the 
experiment, are 








1 + a,(c — x’’) antilog, {0-912 x Woe + x')/(DT)* — ) 
dr (4—2) a9 1-815 x 10%(c — x’)*/(DT)*} 
a “ax x +-az(c —x”’) antilog, {0-912 x 101*(6, — ox)(c +x’) /DT)* — 

1-815 x 10%(c + x Ory" + 
antilog9{— 0-912 x 10sx(c + x’)/(DT)} . . 





dx’ 
8 

a ~*io(a — 2). Same denominator ° 
de” dx dx’ 

=a 


dé dé 
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These equations also contain four constants, of which two, a; and ox, can be considered 
known, whilst in principle we could use the fact that two of these"equations are independent 
in order to determine the remaining constants, «, and oz. The above equations can all 
directly be written down after a short inspection of equation (14). Like equation (14), 


Fic. 8. 


Kinetics of Hydrolysis of 0-0314m-p-Methylbenzhydryl Chloride in the Presence of 0-0385M-Hydrogen 
Chloride in ‘‘ 80% ”’ Aqueous Acetone at 25°, and of 0-0479M-pp’-Dimethylbenzhydryl Chloride in the 
Presence of 0-0555M-Lithium Chloride in “‘ 85% °’ Aqueous Acetone at 0°. 


09 





p-MeC,H,:CHPhCI+HCl 


ae ai Oo “4 


“ (u £0.07) 





[o) 


Curves of eliminant 
of equations 4 and 20 


(p-MeC,H,),CHC1+LiCl 


“F==-0) 


(u<010) 


0-4 ! 4 
0 40 
100 x/a. 
[Curve 1: (pu, 0-0385 —> 0-0699) 10% = 2-22, a = 28. Curve 2: (p, 0-0555 —> 0-1034) 10% = 
2-73, a = 89. In each case a, c, D and T for conditions stated. Curve 2’: experimental deviation 
from Curve 2.] 














they should be applicable only to very dilute solution. In order to apply them to our 
results we have, as usual, to combine them with equation (4) after numerical integration. 


Fic. 9. 


Kinetics of Hydrolysis of 0-0979M-Benzhydryl Chloride in the Presence of 0-0964m-Lithium Bromide in 
“90% ” Aqueous Acetone at 50°. 





22 
Ph,CHCl+ LiBr 


. o Eliminant of —————> 
equations 4 and 21 











[Curve 1: (pu, 0-0964-> 0-1943) 108cx = 1-38, 108°cy = 1-74, ax = 11-5, ay = 60, a, c, D andT 
for conditions stated. Curve 1’: experimental deviation from Curve 1.] 


Two examples of the application of the theory to our experiments on hydrolysis in the 
presence of a “‘ common-ion salt ”’ are represented in Fig. 8. As usual, we plot against the 





[1940] Substitution at a Saturated Carbon Atom. Part XXIII. 1003 


percentage progress of reaction, 100x/a, the integrated first-order rate constants of the 
reaction in the presence of the salt, reckoned as a fraction of the initial specific rate of 
hydrolysis of the same alkyl halide in the absence of the salt, k,/k,®. The upper curve 
refers to an experiment with p-methylbenzhydryl chloride and hydrogen chloride, in which 
the ionic strength cannot rise above 0-07, and here we find the observed results to be con- 
sistent with the theoretical curve, the time-eliminant of equations (4) and (20). The lower 
curve relates to an experiment with p’-dimethylbenzhydry]l chloride and lithium chloride, 
in which the ionic strength can rise to 0-1; here we find consistency between the observ- 
ations and the curve given by the same equations only during the first half of the reaction, 
and a growing inconsistency as the ionic strength approaches its maximum. 

Fig. 9 illustrates the case of a “‘ non-common-ion salt,” the equations used being (4) and 
(21). The application is to an experiment with benzhydryl chloride and lithium bromide, 
in which the ionic strength can rise to 0-19. Corresponding to these relatively large ionic 
strengths, we find that the observations are consistent with the theoretical curve only in 
the initial stages of reaction, after which there is a strong deviation of just the type found 
in the simpler calculations, illustrated in Fig. 7, on ¢ert.-butyl bromide with added salts at 
similar concentrations. It would appear that at these rather large ionic strengths our 
formule over-estimate the ionic-strength effect and require a negative correction, just as 
Debye’s limiting theory of the activity coefficient of ions over-estimates their mutual 
influence at the larger ionic strengths and requires the reducing correction factor which the 
second approximation theory of Debye and Hiickel supplies. 


(6—7) Conclusions. 


(6) Summary of New Evidence on the Unimolecular Mechanism of Nucleophilic Sub- 
stitution.—(a) Solvolytic substitutions: kinetic form. The experimental results analysed 
in the preceding sections relate mainly to solvolytic substitutions, viz., the hydrolysis of 
certain alkyl halides in aqueous acetone. A study of the kinetic form of these reactions 
has provided an unambiguous demonstration of the existence and general nature of the 
unimolecular mechanism of such solvolytic substitutions. The proof depends on the 
circumstance that, because of the two-step character of the unimolecular mechanism, and 
particularly because of the reversibility of the first and rate-determining step, this 
mechanism requires a highly characteristic rate law: it reduces to a first-order rate law 
only as a limit, to which some examples may closely approximate, whilst others, differing 
from these according to rules that can be indicated, are expected to show considerable 
deviations of a distinctive and calculable form. Most of the reactions investigated showed 
considerable deviations from a first-order rate law; furthermore, these reactions exhibited 
just that particular form of kinetics which the unimolecular mechanism predicts. It is 
emphasised that the kinetic test is not one that will distinguish every unimolecular reaction, 
because a substitution may be entirely unimolecular and yet involve component processes 
whose relative rates are such as to preclude an observable departure, that would diagnose 
the mechanism, from first-order kinetics. But when such departures can be observed they 
are distinctive, and our applications of the test have indicated a sufficient number of 
unimolecular reactions to prove the importance of the mechanism in aliphatic substitution 
generally. It will be understood that the unimolecular mechanism, since it depends on 
ionisation, naturally presupposes an ionising solvent. Our present experiments have 
referred to acetone containing 10 or more vols. % of water; but, as we have emphasised 
elsewhere, it is not at all impossible that the unimolecular mechanism may give place to the 
bimolecular mechanism near the limit of low water content. This, for example, might 
be the case in some of the moist acetone and moist dioxan solvents used by Taylor, even 
though, as we show in accompanying papers, his evidence that the bimolecular mechanism 
really does obtain under such conditions is quite valueless.* 


* (Added in proof.) Limiting forms of the mass-law effect introduce new connexions between 
reaction order and mechanism. For example, the just reported second-order kinetics of the reaction 
of -methoxybenzhydryl chloride with low concentrations of methyl alcohol in nitrobenzene solutions, 
buffered to definite concentrations of chloride ions (Bartlett and Nebel, J. Amer. Chem. Soc., 1940, 62, 
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(b) Solvolytic substitutions : salt effects on rate. Further demonstrations arise from our 
study of the effect of added salts. In the first place, the unimolecular mechanism, on 
account of the rather simple character of its rate-determining step from a purely electro- 
static point of view, requires that all added electrolytes will, by virtue of their contribution 
to the ionic strength of the solution, increase the reaction rate, and modify the kinetic form 
of substitution, to a characteristically large extent, and under quantitative laws, relating 
to the influence of concentration, solvent, and temperature, that can be calculated for dilute 
solution. These effects have been observed, and they are in quantitative accord with theory. 

Secondly, on account of its two-step character and the reversibility of the first step, 
the unimolecular mechanism has the characteristic requirement that, in proportion as the 
reaction deviates from the first-order rate law in the absence of added salts, electrolytes 
whose anions are identical with that which the alkyl halide liberates on substitution will, 
in contradistinction to all other electrolytes, exert a superposed effect, which depresses the 
reaction rate and modifies the kinetic form of substitution under a further set of laws that 
can be calculated for dilute solutions. These effects have been observed. For dilute 
solutions they are in quantitative accord with theory, whilst for more concentrated solutions 
the deviations are in the predicted direction. Once again, this test is not bound to succeed 
with a unimolecular reaction. But when it does give positive results, these are diagnostic; 
and positive results have been obtained in a sufficient number of examples to establish the 
general importance of the unimolecular mechanism. 

(c) Non-solvolytic substitutions : reaction rates. The experiments already referred to 
automatically involved a study of the rates of reactions in which the halogen atom of the 
alkyl halide was replaced by the attack of the anions of the salts introduced into the 
aqueous medium: under these conditions such non-solvolytic substitutions accompanied 
the solvolytic reactions. The chief non-solvolytic substitutions studied involved the use 
of halide and azide ions as substituting agents. We have direct kinetic proof that those 
substitutions proceeded by the unimolecular mechanism, because the anionic substituting 
agents, apart from the effect of their contributions to the ionic strength, did not influence 
the rate of destruction of the alkyl halide, even when they were engaging in a large amount 
of substitution. 

(d) Solvolytic and non-solvolytic substitutions : product compositions. Further confirm- 
ation of these conclusions, alike in relation to solvolytic and non-solvolytic substitutions, 
emerges from a study of the proportions in which the products are formed when the two 
kinds of substitution are in competition. One test is analogous to that which we have 
previously applied (J., 1938, 881) to competing solvolytic reactions in mixed solvents : it 
consists in finding whether the reaction rates and product compositions agree as they 
should if both are determined in the same (bimolecular) reaction stage. As with the former 
pairs of solvolytic reactions, so also with these competing solvolytic and non-solvolytic 


1345), can be explained on any of the following mechanisms, of which the third involves a relationship 
between order and mechanism not elsewhere illustrated : 

(1) Bimolecular nucleophilic substitution (Sy2), i.e., attack by methyl alcohol at the saturated carbon 
atom with replacement in a single stage. 

(2) Preliminary ionisation (Syl), with no mass-law effect, but with a large solvent influence, initially 
proportional therefore to the (small) concentration of the active constituent, methyl alcohol (cf. this 
vol., p. 913); Bartlett and Nebel adopt a particularised form of this explanation when they suggest 
preliminary ionisation involving electrophilic catalysis by methyl alcohol (cf. this vol., p. 930), 7.¢., a 
strongly selective attraction of this constituent for the halogen. 

(3) Preliminary ionisation (Sy1), having no variable solvent influence, but a large mass-law effect: 


a 
for with [Cl-] constant, and [MeOH], as well as [RCI], small, the unimolecular system RCl — + 

(3) : 
os. ROMe, etc., despite its slow ionisation, v, << (v, + v,), will require second-order kinetics if 
Ug > U3. 

(4) Preliminary ionisation (Syl), with solvent and mass-law effects of intermediate magnitude, 
aggregating to the effect of either alone in the limits (2) and (3). 

We think that the reported retarding effect of a saline chloride indicates (3) or (4), but that a more 
detailed study is necessary to permit any positive statement concerning the mechanism of this 
substitution. 
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substitutions (hydrolysis and alkyl azide formation), we find that the reaction rates are 
controlled by a different reaction stage from that in which the products are formed. 

The second test is analogous to that by which we have previously cross-checked in- 
dependently reached conclusions that certain simultaneous substitutions and eliminations 
are each unimolecular (Syl and El) in mechanism (J., 1937, 1277, 1280, 1283): if the 
simultaneous processes have a common first step, in which the halogen atom removes itself 
before a competition determines the proportions of the products, then these proportions 
should remain unaltered when we change the halogen atom. Substantially, our previous 
experience was repeated, the proportions of the products of competing solvolytic and non- 
solvolytic substitutions (hydrolysis and alkyl azide formation) remaining unchanged when we 
changed the halogen of the alkyl halide. The implication is that the halogen removes itself 
before the substituting agents come upon the scene, as the unimolecular mechanism requires. 

It is to be emphasised that these tests indicate the operation of the unimolecular mechan- 
ism both in hydrolysis and in substitution by reagent anions, since an incursion of the 
bimolecular mechanism into either substitution would have changed the experimental result. 

(7) Conclusions derived from New Evidence on the Unimolecular Mechanism.—(a) 
Existence and nature of the unimolecular mechanism. The evidence summarised in the 
preceding section is of direct and largely quantitative character, leaving little scope for 
alternative explanations. Thus it is abundantly clear that the bimolecular mechanism, 
either of solvolytic or of non-solvolytic substitution, cannot accommodate any of the sets 
of observations which apply to these respective cases. However, it is interesting to con- 
sider what conclusions are necessary as a minimum, and what scope for variation still exists. 

In the first place, the mass-law effect, even in its qualitative aspect, means that the 
mechanism of substitution involves more than one stage, that some earlier stage than the 
product-forming one is rate-determining, that some earlier stage than the product-forming 
one is reversible, and that one product of the reversible stage is the halide ion deriving from 
the alkyl halide. Most of the same conclusions are independently required to explain the 
results relating to product compositions. These conclusions already exclude any one-stage 
mechanism, but would allow us to increase the number of stages assumed in the unimole- 
cular mechanism to more than two, and would allow us also to vary the hypothesis that the 
product complementary to the halide ion in the reversible stage is the (solvated) alkyl 
cation. However, this amount of liberty is greatly restricted in view of the quantitative 
success of the theory which assumes only a rate-determining, reversible ionisation, suc- 
ceeded by a rapid formation of the substitution product: in these quantitative results 
there is nothing to indicate further complication, and much to exclude particular forms of 
complication. The only variation which seems worth a short consideration is that which 
allows covalency formation in the rate-determining stage : 


@ 
RCI + H,0 <= ROH,* + Cl- ata ROH + H,0* + Cl- 
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Apart from quantitative difficulties which need not be discussed, this scheme is rendered 
unacceptable by the circumstance that, since the alkyloxonium ion has to serve as inter- 
mediate both for solvolytic and for non-solvolytic substitution, of which process (2) is a 
prototype, the observable mass-law effect implies that a bimolecular substitution (e.g., 
process 2) which involves the rupture of a C—O bond has to be credited with the same sort 
of instantaneity as a proton transfer (e.g., process 3) from one oxygen atom to another. 
But we know the order of magnitude of the concentrations in which alkylhydroxonium 
lons are formed from alcohols under given conditions of acidity in aqueous solution, and 
this tells us that bimolecular nucleophilic substitutions of the type of process (2) are in 
fact measurably slow, as, indeed, process (2) itself would have to be (since the alkyloxonium 
ion can be generated from the alcohol) in order to permit the observation of an almost 
completely irreversible hydrolysis.* 

_ * In this section we are taking account only of the evidence presented earlier in this paper. There 
is, however, much else that the scheme formulated would not explain, ¢.g., why, if water is effective, 
hydroxide ions are ineffective; why partial or complete racemisation occurs; and why rates and pro- 
duct compositions in mixed solvents do not agree as they should on this theory in the example of the 
solvolysis of #ert.-butyl chloride, in which the mass-law effect is small. 
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We confirm here that our investigation leads to identical conclusions for both solvolytic 
and non-solvolytic substitutions. This convenient if rather meaningless distinction has, 
in our opinion, been over-emphasised by some opponents of the idea of the unimolecular 


mechanism, who have limited their discussions to solvolytic substitutions, presumably | 


because of the supposed immunity of these to kinetic diagnosis of the type by which, for 
certain non-solvolytic substitutions, the unimolecular mechanism has been established. 
We show here, however, that a refined kinetic analysis can deal with solvolytic substitu- 
tions also, and that it likewise establishes the unimolecular mechanism in certain cases, 
In the next two papers we supplement the kinetic evidence already existing in relation to 
non-solvolytic substitutions by the same more refined type of analysis; and we show that, 
‘once again, the ionic-strength and the mass-law effects, which in their qualitative and 
quantitative aspects distinguish the unimolecular mechanism, are prominent in selected 
cases. Thus for both types of substitution the evidence of mechanism is parallel, and 
equally significant.* 

(b) Detailed picture of the unimolecular mechanism: the ionisation (‘‘ Process 1”). 
In the unimolecular mechanism the slow, and therefore rate-controlling, process is the 
ionisation of the alkyl halide. This is an activated process, involving passage of the 
system over a definite energy maximum at some critical separation of the dissociating 
particles. The maximum is caused by solvation, which also reduces its energy to thermally 
accessible values (Hughes and Ingold, J., 1935, 252), as has been illustrated very clearly 
in terms of crossing potential energy curves by Ogg and Polanyi (Trans. wanny Soe., 
.1935, 31, 604). 

The matter of solvation appears to have caused some difficulty. It has been pointed 
out by other authors that energies of ionisation must be of the order of 200 kg.-cals./g.- 
mol.—far higher, therefore, than any thermal activation energy accessible to a molecular 
system at the ordinary temperature : it has not always been made clear, however, that this 
statement refers only to gaseous ionisations (which explains why they never occur at the 
ordinary temperature).. Possibly the difficulty has been to appreciate that solvation is not 
just a minor factor in the energy relationship, but is perfectly capable of supplying the 
whole of the necessary difference—itself amounting to something of the order of 200 kg.- 
cals./g.-mol. We can well understand this, because solvation can spontaneously break 
down the lattices of ionised crystals, whose lattice energies are of just this order (¢.g., 
-181 kg.-cals./g.-mol. for sodium chloride crystals). Nobody supposes that stable 
covalencies must necessarily be formed in order to supply this energy : almost the whole of 
it comes from the electrostatic and dispersive forces between the ions and the solvent. 
Similarly, it is not essential to assume that any stable covalencies are contemporaneously 
formed in order to explain where the energy comes from that enables the ionising bond of 
an alkyl halide to break. In bimolecular substitution the energy does come largely from 
a forming bond, but in unimolecular substitution the main source of the energy of ionisation 
is solvent affinity. 

Concerning the configuration of the system at the energy maximum, approximate 
calculations have shown that this involves the stretching of the original carbon-halogen 
bond by not much more than 0-5. For all separations beyond this relatively small 


* [Added 23.3.40.] Probably Balfe and Kenyon would accept this as a satisfactory reply to their 
suggestion (J. Amer. Chem. Soc., 1940, 62, 445) that, because Taylor and some others have drawn 
different conclusions from Bartlett, Hammett, Hiickel, and ourselves with regard to solvolytic sub- 
stitution, “ the course of these reactions is not sufficiently simple to justify the application of the 
kinetic meth 

t [Added 20. 1.40.] One author (Ogg, J. Amer. Chem. Soc., 1939, 61, 1964) has raised the matter in 
a rather less crude form by claiming to have taken care of the solvation energy, and thus to have 
established by calculation that the activation energies demanded by the unimolecular mechanism would 
be at least 50 kg.-cals., and therefore still too great to admit of measurable rates at the ordinary tem- 
perature. But as Bartlett and Knox have pointed out (ibid., p. 3184), Ogg’s calculations apply 
primarily to the reactions of methyl] halides in aqueous solutions, and for such substitutions no evidence 
that would indicate a unimolecular mechanism has yet been found; in any case, the calculations are 


too rough to signify, the uncertainties introduced being of the same order of magnitude as the quantities 
calculated. 
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amount, the molecule may, from an energetic, and therefore a kinetic, point of view, be 
considered ionised (Ingold, Trans. Faraday Soc., 1938, 34, 222). The point is of importance 
in relation to the evidence derived from studies on the stereochemical course of substitution 
below). 

' Our picture of the transition state as involving an electrical transfer from one part of 
the dividing molecule to the other has been made the basis of a rate-law for ionisation, 
analogous to the Brénsted—Debye law for the rates of bimolecular interaction of ions. The 
activity correction in the rate-law for ionisation is an explicit function of experimental 
quantities, and of a molecular parameter, which for simple molecules can be roughly esti-. 
mated from known molecular constants. This rate-law has been partly verified (cf. also 
the next paper but one). It may prove of service for the diagnosis of other rapidly suc- 
ceeded ionisations, such as those postulated in the field of tautomerism and the correlated 
reversible additive reactions. 

(c) Detailed picture: sonic recombination (‘‘ Process 2”’). The present work provides 
the first definite evidence of the molecularity of this very rapid process: as might have 
been expected, it is bimolecular over-all, 1.c., unimolecular with respect to each of the 
participating ions. 

We have also been able to prove (although the evidence is not presented here, as the 
point is being reserved for fuller treatment later) that the ionic recombination, in spite of 
its rapidity, is an activated process. This follows from observations on the temperature 
coefficient of the mass-law constant. Such observations determine E, — Ez, the difference 
in the activation energies of processes (2) and (3). This difference is finite and positive, 
wherefore, since no activation energy can be negative, the activation energy of process (2) 
must be finite and greater than a specificable minimum. The necessity for activation in 
both ionisation and ionic recombination is in agreement with the conception of an energy 
maximum for ionisations in solution.* Activation of the dissociating molecule is necessary, 
because it is only “‘ beyond a certain degree of extension of the polarised link that the 
increasing solvation due to the separating electric charges contributes a fall of energy which 
is more rapid than the rise that would have occurred in the absence of solvation ’’ (Hughes 
and Ingold, Joc. cit.). Activation of the recombining ions is required for a corresponding 
reason, viz., that their large solvation energy has to be partly compensated before the 
energy liberated in the forming bond is able to determine the completion of the bond- 
forming process. 

(d) Detailed picture: product formation in solvolytic substitution (‘‘ Process 3”). The 
molecularity of this final, rapid stage of sovlolytic substitution has been determined in the 
case of hydrolysis: it is unimolecular with respect to the alkyl cation and multimolecular 
with respect to water. We should expect this: on account of the large energy require- 
ments, many water molecules must contribute the solvation energy, and therefore many 
water molecules must be contained in the solvation shell of the alkyl cation; and, given 
any necessary energy by thermal collision, this cation, plus its shell, contains all the elements 
of reactivity, and therefore need not depend for its destruction on being pierced by the 
attack of a single, energised water molecule. 

We are trying to discover whether any thermal activation at all is needed, but as yet 
we only know that the activation energy of process 3 is in any event small. Thus a highly 
important determinant of the defect of the absolute rate below the collision frequency must 
be a very small phase factor, which in turn is to be attributed to the high molecularity. 

The defect of the rate below the collision frequency, or, in other words, the time-lag 
between processes (1) and (3), is the most characteristic feature of the unimolecular mechan- 
ism : when this lag vanishes, then the unimolecular mechanism merges into the bimolecular 
mechanism. We have emphasised often before that the mechanisms do merge, ¢.e., that 
there is no sharp dividing line between them. The absolute determination of the time-lag 
is still an unsolved problem, and at present we know only how to change it at will by means 
of structural alterations in the cation. 


* This idea is implied in the theory of a common ion in tautomerism (Ingold, Shoppee, and Thorpe, 
J., 1927, 1481), since the known slowness of some ionic recombinations cannot then be attributed to 
a preliminary slow isomerisation of ions (cf. Ingold, Trans. Faraday Soc., 1938, 34, 226). 
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(e) Detailed picture: product formation in non-solvolytic substitution (Process 2’): We 
have directly investigated the unimolecular replacement of the halogen atom of alkyl 
halides by an azide group, an azide ion being the substituting agent ; and, more indirectly, 
the replacement of the halogen by‘another halogen atom, a halide ion being the substituting 
agent. The analogous rapid processes by which the final products are formed in these 
non-solvolytic substitutions have unit molecularity with respect to each of the participating 
ions. Furthermore, they are undoubtedly activated processes, as we have proved in the 
example of alkyl azide formation by a method analogous to that mentioned in section (c) 
above. 

(f) A note on nomenclature. We think it desirable to refer to this subject because 
confusion could arise from the differing terminologies employed by different authors. Like 
ourselves, Farinacci and Hammett (J. Amer. Chem. Soc., 1937, 59, 2544) have previously 
emphasised the rdéle of the solvent in effecting the ionisation of alkyl halides and the 
multiplicity of the necessary solvent molecules; and in order to signalise this aspect they 
have termed the ionisation, and therefore the whole solvolysis mechanism, “ multi- 
molecular.” On the other hand, we term the ionisation process, and hence the whole 
mechanism, ‘‘ unimolecular,” not because many molecules are not present in the transition 
state of the rate-determining process, but because only one molecule is necessarily under- 
going covalency change. Consistently we call the final process of cation hydroxylation 
** multimolecular ’’ because of the kinetic evidence that, in the transition state of this 
process, many molecules are, not merely present, but necessarily undergoing covalency 
change. We prefer to define molecularity by the number of molecules necessarily involved 
in covalency change, since the alternative system, strictly applied, would make all reactions 
in solution multimolecular, the solvent being always present, in principle at least, in the 
transition states of reactions in solution. The result, however, is that Hammett and his 
collaborators and we are using the same word “ multimolecular’”’ for different things: 
this does not matter, provided the difference is understood.* 


Appendix (Added 20/1/40): Present Position of the Earlier Evidence on the Unimolecular 
Mechanism. 


In the preceding discussion, mechanism of substitution is considered solely in the light 
of the evidence now presented for the first time. In order to give a more general picture 
we here review the earlier arguments in the light of these new facts and of contributions 
by other workers. 

(a) Dependence of Rate on the Constitution of the Alkyl Derivative (Method 2).—There is 
little to add on this subject except that the new results confirm the old interpretation. 
First, we have general confirmation, inasmuch as the alkyl halides whose solvolysis the 
new results prove to have the unimolecular mechanism are compounds which belong on the 
right hand side of the rate minimum exhibited in a series arranged in order of increasing 
capacity for electron release by the alkyl groups. Secondly, we find detailed confirmation, 
in that the order found amongst alkyl groups for the mass-law constant, «, which measures 
the stability of the alkyl cation in the environment associated with solvolysis, agrees in 
detail with the order of electron release by the alkyl groups investigated. 

(b) Dependence of Rate on the Constitution of the Substituting Agent (Method 3).—This 
was the basis of the second of Hughes, Ingold, and Patel’s two original arguments (J., 1933, 
526), the point chiefly stressed being the dependence of rate on the basicity of the substi- 
tuting agent in the bimolecular mechanism, and its independence of basicity in the uni- 
molecular process. The value of this simple criterion is emphasised in the present work, 
as it will be still further when we publish our control research on kinetic and salt effects 
in the bimolecular mechanism. 

(c) Solvent Effects on Rates and Product Compositions (Method 4).—Fuller explanation 
is necessary in relation to solvent effects, inasmuch as conflicting views have recently 
arisen. The first contribution was made by Olson and Halford (J. Amer. Chem. Soc., 1937, 


* Hiickel, whose views (Annalen, 1939, 540, 278) agree with ours in most essentials, does not, how- 
ever, stress the multiplicity of solvent molecules needed for ionisation. 
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59, 2644), who took the point of view that all solvolyses of alkyl halides were bimolecular. 
Having replaced the concentration rate-equation for a bimolecular reaction by a vapour 
pressure rate-equation, they suggested that the relationship 


Rate = (Re et Rupw)Prx 


should express the total rate of solvolysis of an alkyl halide, such as ¢ert.-butyl chloride 
(RX), in a mixture of solvents, such as methyl alcohol (a) and water (w), the partial rates 
of formation of the separate products, ROMe and ROH, being kapapex and RypuPrx 
respectively (the #’s are vapour pressures). After having determined the disposable 
constants, kg and k,,, from measured total rates at two extremes of solvent composition, 
the authors showed that their formula satisfactorily represented the total rates at inter- 
mediate solvent compositions. From this they concluded that the mechanism was bimole- 
cular. Then we pointed out (Bateman, Hughes, and Ingold, J., 1938, 881) that the success 
of their formula for rate interpolation owes nothing to the assumed mechanism: what its 
success does depend on has since been discussed by Bartlett (J. Amer. Chem. Soc., 1939, 
61, 1630). We further showed that the correct way of using the formula for the purpose 
of deriving conclusions relative to mechanism was to determine whether the proportions 
in which ROMe and ROH were formed could be calculated by means of the same pair of 
constants, kg and k,,, whose values had been fixed by means of rate determinations: if 
rates and products were determined in the same reaction stage, whose mechanism was 
supposed known, this should be possible, but not, of course, if rates and products were 
determined in different reaction stages. In the case considered there were large dis- 
crepancies, and similar discrepancies had already appeared in the work of Farinacci and 
Hammett in the analogous example of benzhydryl chloride (ibid., 1937, 59, 2544; cf. 
Bateman, Hughes, and Ingold, zbid., 1938, 60, 3080). It followed that the solvolysis was 
not the one-stage, bimolecular replacement process which Olson and Halford had imagined. 
The results were, however, consistent with the two-stage unimolecular mechanism, which 
requires no direct connexion between reaction rates and product compositions, since these 
are determined in different reaction stages. 

Winstein has recently suggested (ibid., 1939, 61, 1635) that Olson and Halford’s rate 
formula should be applied on the basis of an assumed one-stage, termolecular or quadri- 
molecular replacement process, the reaction complex involving two or three hydroxylic 
molecules. He claimed that this treatment brings rates and product composition into 
harmony. However, the approximate agreement obtained is unimpressive for the follow- 
ing reason. The Olson—Halford formule for ter- and quadri-molecular replacement 
reactions may be written 


Rate = (RaaPa? + RawhaPwo + RwPu*)Prx 
Rate = (ReaaPa® + RaawPa*Po + RewwPaPu? + RroowPu*)Prx 


in which the various constants, kag, etc., can in principle be determined by measuring the 
total rate at a sufficient number of different solvent compositions. It is, however, a 
difficulty with all formule of this kind that product compositions cannot be calculated on 
the basis of these constants only: for, corresponding to each interior (mixed-subscript) 
term of either polynominal, it is necessary for the calculation of product compositions to 
adopt a value for yet another, unknown constant, viz., the partition ratio which governs the 
break-down of a reaction complex of type RX + H,O + MeOH, RX + 2H,O + MeOH, 
RX + H,O + 2MeOH, to form the products ROH and ROMe. These extra constants 
can only be adjusted by reference to the product-compositions themselves; and, since for 
each particular set of substances (RX, a and w) our experimental data provided no more 
than three product-compositions to be fitted, each requiring a toleration of some units % on 
account of experimental error, the fitting process is, with this large power of adjustment, 
neither difficult nor significant. Notwithstanding the latitude indicated, and the further 
assistance obtained from an unacceptable treatment of our experimental results,* the 


* The olefinic reaction product was reckoned as equivalent to ether, instead of as alkyl halide 
diverted from substitution processes. 
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agreement produced by the formula for a termolecular reaction was not always within the 
observational error in the determination of product compositions. 

These arguments have been made dependent on Olson and Halford’s rate equation 
partly because, although we remarked on the difficulty of its inconsistency with the transi- 
tion state theory, we were unwilling to shift the basis of discussion from that adopted by 
Olson and Halford whilst reversing these authors’ conclusions. However, as Professor 
Hammett has urged in correspondence with us, an improved treatment founded on the 
rate equation of Brénsted, Polanyi, and Eyring is very desirable. Recently such a treat- 
ment has been carried through by Bartlett (loc. cit.). He came to the conclusion, as Ham- 
mett and we did, that the bimolecular mechanism is definitely inadmissible; and he went 
further than we did in showing that the variation of product composition with solvent 
composition is consistent with the requirements of the unimolecular mechanism. The new 
treatment does not go further than the old in excluding Winstein’s idea of a one-stage, ter- 
or quadri-molecular replacement process; but then it would not be unfair to ask the author 
of this view to base on it as coherent a picture of the other groups of facts* as has been based 
on our idea of replacement in the second stage of the unimolecular mechanism. 

(d) Stereochemical Course of Substitution (Method 6).—In this matter also divergent 
views have arisen. * We made the distinction that, whilst nucleophilic bimolecular sub- 
stitution always leads to a complete inversion of configuration, unimolecular substitution 
leads either to racemisation, possibly with some inversion, or, in the presence of a 
group which suitably binds the cationic centre, to retention of configuration, possibly 
with some racemisation (Cowdrey, Hughes, Ignold, Masterman, and Scott, J., 1937, 
1252). 

In the former case, the partial inversion was interpreted as an effect of the partial 
shielding of the cation by the receding anion, which, for the less stable cations, may not be 
many molecular diameters away when the attack of the solvent takes place; and what we 
know of the effect of structure on the degree of completeness of racemisation in substitutions 
of this kind is entirely consistent with the idea that the effect is one on the stability of the 
cation: the more stable the latter, the more complete the racemisation. Winstein has 
objected to this explanation (loc. cit.). He says: “ If ionisation were complete enough to 
permit the reaction to be called unimolecular, then the ion R* would be free enough from 
shielding effects so that a completely racemic product would result.” However, our 
answer to this had already been given (Ingold, Trans. Faraday Soc., 1938, 34, 222) : ionis- 
ation is “ complete enough to permit the reaction to be called unimolecular ” so soon as 
the system of separating charges has passed over its energy barrier (cf. p. 1006), and this, 
as we have seen, may occur at separations which exceed the normal covalency length by 

not much more than 0-5 A. (cf. p. 985).f |Winstein’s idea is to construct 

Re Ri transition states, as illustrated in the inset, for ter- or quadri-molecular 

HO. - -OH replacement in one stage, and by means of these to accommodate either 

xT 2 retention of configuration, or inversion, or racemisation by ejecting 

R appropriate particles. However, as we have already pointed out in a 

° slightly different connexion (Cowdrey, ef al., loc. cit.), such transition 

states will be much less stable than the “linear” states characteristic of bimolecular 

substitution, because of the large positive exchange integrals between the electrons of the 
non-linearly split bond and those of the full bonds. 

Concerning the stereochemical outcome of substitution in the presence of a group, such 
as an a-carboxylate ion group, which can bind a cationic centre, our view was that the 
solvent rather than the group causes the formation of the centre (Syl), but that the group 
then holds it with a bond of mainly electrostatic character pending solvent attack. This 
is in contrast to the effect of 8- and y-carboxylate ion groups, where in the simplest cases 


* Notably the mass-law (‘‘ common-ion ”’) effect, which, though only now described in detail, was 
announced in 1938 (Bateman, Hughes, and Ingold, J. Amer. Chem. Soc., 1938, 60, 3080). 

¢ The conception of shielding is not inconsistent with the conclusion that a free carbonium is flat. 
Bartlett and Knox (loc. cit.) regard flattening as necessary for the existence of an alkyl cation, having 
shown that neither the bimolecular nor the unimolecular mechanism of substitution is available to a 
molecule for which neither inversion nor the flattening of the ion can occur. 
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no cationic centre is formed,* since the group becomes the substituting agent (Sy2) and 
directly establishes a bond of mainly covalent character (#.e., forms a lactone) (idem, sbid.). 
The older view, which neglected duplexity of mechanism in substitution generally, extended 
the Sy2-type of explanation to the case of the «-group (cf., ¢.g., Bancroft and Davies, 
J. Chem. Phys., 1931, 85, 1253; Young and Olson, J. Amer. Chem. Soc., 1936, 58, 1157), 
and this idea has been revived by Winstein and Lucas (ibid., 1939, 61, 1567; cf. Winstein, 
loc. cit.). However, it seems to us to involve a definite loss of consistency, for reasons 
which appear more cogent than those we originally advanced, when we bring the strong 
electron repulsion of the «-carboxylate ion group, and the relatively small activity of halides 
containing this group towards powerful bases, into the related body of considerations, the 
general validity of which our new work confirms. It should be emphasised that the real 
point is, not at what stage in the range of constitutions possible for a bond of mixed 
covalent-ionic character the ring which it completes should be called a “ lactone,” but 
whether the completion of the ring is a one-stage process (Sy2) or a two-stage process in- 
volving the preliminary ionisation of the halogen (Syl). As we originally stated, even the 
bond formed by the «-carboxylate ion group, which completes the ring that we termed a 
“ betaine,” has some covalent character; and, correspondingly, our views accommodate 
the interpretation given by Winstein and Lucas (thid., pp. 1576, 1581, and 2845) to the case 
they have discovered of a substitution involving an intermediate cation preserved as to 
configuration by an a-bromine atom : here the symmetry of the systems converts, through 
resonance, what would have been a dipole with one covalent and one electrostatic bond 
into a ring with two equivalent bonds which are partly covalent and partly electrostatic. 
We have amplified our previously expressed views on this question, because it is less 
academic than in 1937, our new work on the distinction between the Sy] and S,2 mechan- 
isms in intermolecular substitution having opened up new and definite criteria for the 
operation of the same two mechanisms in the slightly more difficult field of internal sub- 
stitution. Indeed, significant kinetic differences between the cases of «- and more remote 
carboxylate-ion groups have already been established. Winstein and Lucas used no such 
sharp criteria, which alone could have justified conclusions contrary to the trend of the 
circumstantial evidence. 
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XXIV. Qualitative Survey of Nucleophilic Substitutions of Benz- 
hydryl Halides in Sulphur Dioxide Solution. 


By Leslie C. BATEMAN, EDWARD D. HuGHEs, and CHRISTOPHER K. INGOLD. 


In order to prepare the way to a closer kinetic study of the non-solvolytic uni- 
molecular substitutions of alkyl halides (e.g., halogen exchanges, combination with 
amines, etc.) a semi-quantitative survey of various substitutions of benzhydryl and 
m-chlorobenzhydryl chlorides has been made in sulphur dioxide, which was chosen 
as solvent for its ionising power towards alkyl halides and its non-participation in 
solvolytic decompositions. It is sought to discover, by means of experiments in which 
no attempt is made to elucidate the kinetics of any substitution process, whether 
reactions with such diverse substituting agents as fluoride ions, iodide ions, pyridine, 
triethylamine and water proceed at very different rates as they should in bimolecular 
substitution, or at substantially the same rate as they ought in unimolecular sub- 
stitution. Comparing approximately determined initial specific rates, it is found that, 
for each alkyl halide, the rates of the various substitutions examined are of the same 
order of magnitude, differing from one another by less than can be explained by 
departures from conditions of ideal dilution, or, in the particular case of water as 


* It is, however, possible to arrange for the production of a cationic centre in these cases by intra- 
ducing a suitable substituent (e.g., phenyl) at the carbon atom which bears the halogen. 





1012 Bateman, Hughes, and Ingold: Mechanism of 


reagent, by less than can be attributed to a special uncertainty that enters into 
the interpretation of the data for that reaction. 


For the more detailed investigation of unimolecular (Syl) substitutions of non-solvolytic 
type it is necessary to cut out simultaneous solvolytic processes; and for this purpose a 
solvent must be found which is sufficiently strongly ionising towards alkyl halides to promote 
the desired type of substitution, but is not sufficiently nucleophilic to be decomposed by 
the alkyl cation formed. Bateman and Hughes found such a solvent in anhydrous formic 
acid (J., 1937, 1187; this vol., pp. 935, 940 and 945), but the acidity of this material limits 
the range of its application: it could not, for instance, be employed as a solvent for the 
Menschutkin reaction (combination of an alkyl halide with an amine). In seeking a more 
widely applicable alternative solvent, we turned to sulphur dioxide, because of its known 
ionising power towards certain aikyl halides * (e.g., triarylmethyl halides) and its generally 
high resistance to decomposition. 

The alkyl halides which suggested themselves as likely to exhibit unimolecular nucleo- 
philic substitution in sulphur dioxide were ¢ert.-alphyl, «-phenylalphyl, and benzhydryl 
halides, all of which readily undergo unimolecular hydrolysis in aqueous solvents.t 
Bergmann and Polanyi had found that optically active «-phenylethyl chloride underwent a 
first-order racemisation in sulphur dioxide (Naturwiss., 1933, 21, 378). It is certain that, 
as they stated, the rate of this racemisation is controlled by the ionisation of the halide, 
but it is not clear whether the recemisation is simply to be correlated with unimolecular 
substitution, or whether it involves a unimolecular elimination, with the reversible formation 
of hydrogen chloride and styrene (Hughes, Ingold, and Scott, J., 1937, 1271). It was in 
order to avoid possible complications of this kind that we decided to experiment with 
benzhydryl halides from which analogous elimination reactions are precluded by the 
structure. The substitutions of these halides have been followed by measurements of 
electrical conductivity. 

This paper records a preliminary survey of a number of substitutions of benzhydryl 
halides, viz., halogen exchanges, Menschutkin reactions and hydrolyses. The survey is 
confessedly qualitative. The test it seeks to apply is that of comparing the rates of 
substitution of the same alkyl halide by various reagents, such as fluoride ions, iodide ions, 
pyridine, triethylamine and water, which in bimolecular substitution should react at very 
different rates—rates ranging, indeed, over several powers of ten—but in unimolecular 
substitution should form their respective substitution products at one common rate, viz., 
the rate of ionisation of the alkyl halide. We call this test qualitative, because, until we 
have carried through the lengthy task of working out the kinetics of all these reactions, we 
hardly know how to define “ rate of substitution’ from a quantitative standpoint, and we 
certainly do not know how to correct observed rates to correspond to the conditions of 
ideality t under which alone a strict comparison of the different reactions is possible. 
However, with reagents as diverse in chemical nature and general reactivity as those 
mentioned above, it would be a satisfactory prima facie indication that the unimolecular 
mechanism was at work if we were to find that the initial specific rates of substitution at 
the concentrations obtaining in the experiments were of the same order of magnitude. A 
more precise comparison cannot here be attempted, because it would require a more detailed 
experimental investigation than it was our purpose to carry out at this stage.§ 

The first series of tests were carried out with benzhydryl chloride. The reagents were 

* Exaggerated ideas of this have arisen through insufficient attention to purity in some of the 
reported observations on conductivity in sulphur dioxide. 

t Some caution is necessary in drawing such deductions, since sulphur dioxide does not appear to 
be as “ rapid ”’ a solvent as water for the ionisation of alkyl halides. 

¢ In the kinetics of the unimolecular mechanism of non-solvolytic reactions, for example, the con- 
dition for ideality, i.e., the condition that the observed rate of substitution will reduce to the rate of 
ionisation of the alkyl halide at vanishingly small concentrations, is not merely that the concentrations 
of the alkyl halide, the reagent, and all other solutes, shall be infinitesimals; it includes the further 
condition that, if the concentration of the reagent is a first-order infinitesimal, that of the halide ions 
liberated in substitution must be no larger than a second-order infinitesimal (following paper). 

§ This was in 1937: a later detailed investigation of one reaction is described in the next paper. 
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tetraethylammonium fluoride, tetramethylammonium fluoride, pyridine, triethylamine 
and water. The observed changes of conductivity with time are in the experimental 
section: although we did not base any kinetic calculations on them, having in mind the 
production of more accurate data for this purpose, some approximate calculations probably 
could be made. What we have done is to express the initial slopes * given by the graphs 
of these data in reciprocal-time units defined in accordance with the following method of 
treatment. There are two cases. First, when the initial concentration, a, of benzhydryl 
chloride is smaller than the initial concentration, c, of the substituting agent, we take the 
slope as the initial conductivity change per second reckoned as a fraction of the total change 
of conductivity in the complete reaction: k, = (d«/dt) /(«,, — x9) insec.. Considered as an 
initial specific rate of destruction of benzhydry]l chloride, this value can only be approximate, 
perhaps not much better than an order of magnitude, first, because the method neglects 
departure from linearity in the relationship between conductivity and the concentration of 
the conducting substances, and secondly, because the method assumes that, when the 
reaction stops, all the benzhydryl chloride is destroyed, which it may not be unless the 
excess of substituting agent is very large. The second case arises when the initial concen- 
tration of the benzhydryl chloride is larger than that of the substituting agent. Now we 
take the slope as the former ratio multiplied by the ratio c/a, i.e., we assume the relation 
k, = [(dx/dt) /(«,, — x )] (c/a) in sec. This is likewise only an approximate initial specific 
rate, because the method assumes, first, that the connexion between conductivity and 
concentration is a linear one, and secondly, that, when reaction stops, all the substituting 
agent is consumed, which it may not be unless the excess of benzhydryl chloride is very 
large. In spite of these shortcomings, it seems clear that initial specific rates obtained 
in this way should serve for an order of magnitude comparison, which is all that we are 
attempting. The values, which relate to the temperature —17-1°, are in Table I. 


TABLE I. 


Approximate Initial Specific Rates of Substitution of Benzhydryl Chloride in Sulphur 
Dioxide at —17-1° (k, in sec.~4). 
No.* Reagent. [CHPh,Cl—o. [Reagent]; =o. 


1 
a} NEt,F 


4} NMeF 


8 
9 NEt, 
10 


11 H,0 


Sop a oot te oom dob ec 
2 He CO =3 Ge 8D to 


* Details under corresponding numbers are in Table III. 


With fluoride ions, pyridine, and triethylamine as the reagents, we find all the rates of 
the order of magnitude of 1 x 10% sec.+. The values obtained with water as reagent are 
4—8 times higher. We believe that this apparent slight discrepancy is due to the un- 
interesting cause that, whilst in the halogen exchange and Menschutkin reactions, the 
electrolytes on which the measured conductivity depends are all fully ionised quaternary 
ammonium salts, in the case of hydrolysis the electrolyte is the largely covalent substance 
hydrogen chloride. Sulphur dioxide itself scarcely ionises hydrogen chloride, and therefore 
at the commencement of the reaction, when the concentration of hydrogen chloride is at a 
minimum whilst that of the water is at a maximum, the fraction ionised will be con- 
siderably greater than at the end of reaction, when the hydrogen chloride concentration is 
at a maximum and the water concentration at a minimum. This means that the factors) 


* In practice we find it more accurate not to read initial reaction rates directly from #-¢ curves, 
but to deduce them from curves of x/t against x (in the present case, x is taken as proportional to the 
change of conductivity). i 
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which would be required to translate (a) the initial rate of change of conductivity, dx/dt, 
into a rate of change of concentration, and (6) the conductivity interval, «,, — x», into a 
concentration interval, may be very different, whereas our treatment has assumed them 
to be the same. It is easy to see that this disturbance must make the apparent initial 
specific rate of hydrolysis too high. We conclude that the results of Table I as a whole 
are a satisfactory indication of the prevalence of the unimolecular mechanism in these 
substitutions. 

At —17°, the reactions of benzhydryl chloride in sulphur dioxide are really too rapid 
for precise measurement, and therefore, as this qualitative work was intended to lead to 
selected quantitative studies, we felt it necessary to find a less reactive benzhydryl halide. 
Accordingly, we prepared m-chlorobenzhydryl chloride, which gave rates of a more con- 
venient order of magnitude. The same test which had been applied to benzhydryl chloride 
was now employed in order to obtain a preliminary assurance that the introduction of the 
electron-attracting substituent had not disturbed the supremacy of the unimolecular 
mechanism of substitution. The approximate specific rates of substitution of this sub- 
stance were measured with three reagents, viz., tetramethylammonium fluoride, ammonium 
iodide, and pyridine. The results are in Table II. At —10-75°, all the rates were of the order 
of magnitude of 4 x 10-® sec.-1; and, since the amount of variation shown by the in- 
dividual values was obviously not necessarily attributable to the differences between the 
reagents, because the whole of it could be obtained with one and the same reagent, we 
accepted the results as a preliminary demonstration that the halogen exchanges and 
Menschutkin reactions of m-chlorobenzhydryl chloride take place by the unimolecular 
mechanism,* and proceeded with the study of the kinetics of these substitutions. The 
kinetics of unimolecular halogen exchange are discussed in the next paper, and we hope 
shortly to be in a position to report similarly on the unimolecular Menschutkin reaction.t+ 


TABLE II. 


Approximate Initial Specific Rates of Substitution of m-Chlorobenzhydryl Chloride in 
Sulphur Dioxide at —10-75° (k, in sec.~4). 

Reagent. [C,H,Cl‘CHPhCI]},.0. [Reagent], —o. 
0-0670 0-0028 
WiMe,F 0-0683 0-0502 
0-0647 0-0028 
NHI 0-0662 0-0068 
0-0719 0-0127 
CsH.N 0-0705 0-0485 

* The original approximate values are here replaced by more accurate values obtained as described 
in the next paper, where the reason for their variation is considered. 


EXPERIMENTAL. 


Matevials.—m-Chlorobenzoyl chloride, b. p. 100°/19 mm., prepared from m-chlorobenzoic 
acid and phosphorus pentachloride in 84% yield, was converted into m-chlorobenzophenone, 
m. p. 83°, in 54% yield, by interaction with benzene and aluminium chloride in carbon di- 
sulphide solution. The reduction of the ketone (94 g.) was effected by adding zinc dust (160 g.) 
to its boiling solution in ethyl alcohol (990 c.c.) containing water (110 c.c.) and sodium hydroxide 
(94 g.), and continuing the heating for 12 hours. The m-chlorobenzhydrol, m. p. 41°, was 
isolated (64 g.) by filtering the hot solution, pouring the filtrate into ice-water (4 1.) to which 


* In contrast to these reactions in sulphur dioxide, we have found that the reactions of benzhydryl 
and m-chlorobenzhydryl chloride with iodide ions in acetone and acetonitrile as solvents have the 
bimolecular mechanism. Halogen exchange through the interaction of halide ions with alkyl halides 
was one of the substitutions for which Hughes and Ingold predicted (J., 1935, 253) that a change of 
mechanism could be caused by a change of solvent only, with the same alkyl compound and the same 
substituting agent. 

+ This has been delayed in part by the necessity of investigating the sulphur dioxide solvates formed 
by tertiary amines, 
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concentrated hydrochloric acid (400 c.c.) had been added, and crystallising the precipitate, 
obtained as a slowly solidifying oil, from light petroleum (b. p. 40—60°). For the preparation 
of the chloride, a solution of the alcohol (24 g.) in a mixture of light petroleum (175 c.c., b. p. 40— 
60°) and ether (50 c.c.), containing suspended calcium chloride, was saturated with hydrogen 
chloride. After 1 hour the solution was poured on fresh calcium chloride, again saturated with 
hydrogen chloride, and left for 2 days. The solution was then dried with sodium sulphate, 
evaporated to 50 c.c., diluted to 100 c.c. with a mixture of light petroleum and ether, and shaken 
with anhydrous potassium carbonate. The filtered solution was concentrated to 30 c.c., 
filtered into a distilling flask, and finally concentrated; and the residue was then distilled (oil- 
bath) at a low pressure. m-Chlorobenzhydryl] chloride was thus obtained, in a middle fraction 
(12 c.c.), as a clear, colourless liquid, b. p. 160—162°/0-1—0-2 mm. (Found: C, 65-9; H, 4:3; 
M, by hydrolysis, 236. Calc.: C, 65-7; H, 4-2%; M, 237). The two special points about this 
chain of preparations are that the amount of water used in the reduction with zinc dust should 
be optimal, and that the m-chlorobenzhydryl chloride, before distillation, should be quite free 
from suspended particles of drying agent or other solid matter. Norris and Banta reported 
that this chloride could not be distilled (J. Amer. Chem. Soc., 1928, 50, 1807), but we found that 
it could be, provided that one took care with the filtration, used well-cleaned apparatus, employed 
an oil-bath for heating, and used pressures below 0-5 mm. 

Tetramethylammonium fluoride and chloride were prepared by converting the iodide by 
means of silver oxide and water into a solution of the hydroxide, and neutralising this with 
the appropriate halogen acid, traces of silver being then removed by treatment of the hot solution 
with hydrogen sulphide. The solution was concentrated, treated with norit, and evaporated on 
the steam-bath with additions of small amounts of water and acetone. The resulting thick 
paste, or hard cake, of salt was fully dried by heating at 150° for 6—7 hours under 0-5 mm, 

ressure. 
, Sulphur dioxide from a siphon was passed as gas through a U-tube containing phosphoric 
oxide, directly into the conductivity cell? which was cooled in a bath at —80°. At —10-75° its 
conductivity was below 5 x 10 ohm- cm.-', the limit of the measuring apparatus. 

Apparatus.—The low-temperature thermostat was that constructed by Dr. G. A. Benford 
(J., 1938, 933). In building a conductivity apparatus, we benefited by advice from Dr. G. S. 
Hartley. Activated by a valve oscillator, the set-up contained the usual ratio-arm box and non- 
inductive resistance box, in earthed casings, and the cell, earthed on the side of the telephone 
indicator. A variable condenser, of capacity 0-0005uF., in an earthed casing was tapped acress 
the cell; and a bank of fixed condensers, of capacities ranging from 0-0002urF. to 0-004ur., 
arranged in parallel, each with a key, was tapped across the resistance box. 

The cell, which was graduated in the neck, was made of ‘‘ Normal ”’ Jena glass tubing, and 
had an electrode chamber, of about 15 c.c. capacity, containing smooth platinum electrodes. It 
was felt undesirable to use platinised electrodes in case of possible catalytic effects. With 
smooth electrodes considerable polarisation took place at the higher salt concentrations, but in 
these cases satisfactory readings were obtained by using a 10:1 ratio. The cell was cleaned 
before use with chromic acid, washed with distilled water, acetone, and distilled water suc- 
cessively, then treated with scrubbed steam, and finally dried at 120° for 1 hour in an electrically 
heated oven. The cell constant was determined by comparison with a standard cell at 25°, the 
same aqueous 0-01N-potassium chloride solution being used. 

Methods.—The reagent was first introduced into the cell, and the sulphur dioxide was dis- 
tilled on to it. When the solution had taken the temperature of the thermostat, the volume 
and conductivity were noted. The benzhydryl chloride or m-chlorobenzhydryl chloride was 
then added from a small, graduated pipette, and readings of conductivity were taken there- 
after at suitable interyals. Solid reagents were introduced from weighing tubes, and liquids 
from special pipettes graduated by weight. The first two results of Table I are less accurate 
than the others, because in these first two experiments we had not become experienced 
in introducing known amounts of the extremely hygroscopic salt, tetraethylammonium 
fluoride. 

Results.—These are given in detail for benzhydryl chloride, but not for m-chlorobenzhydryl 
chloride, because the work here reported on this substance is to be superseded by more exact 
studies of its substitution reactions; indeed this is in part already done in the work described 
in the next paper. In Table III conductivity values are recorded as reciprocal resistances 
(ohm-), They should be multiplied by the cell constant, 0-540 cm.-', for conversion to 
conductivities (ohm-! cm.-'), The values corresponding to ¢ = 0 represent reciprocal resist- 
ances as measured before the introduction of the benzhydryl chloride. 
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TABLE III. 


Reactions of Benzhydryl Chloride with Substituting Agents, as followed by Conductivity 
Changes, in Sulphur Dioxide at — 17-1.° 


(A) Tetraethylammonium Fluoride. 
(1) Initially, [CHPh,Cl] = 0-120m; [NEt,F] = ca. 0-03M. 
F EMRIRE.)’ nce cccccesccccccescss 8 OD 1-55 2-45 
DE  rcicissscccscctccsccceen © GRD 1-805 
E(MINS.) ......ceceeeeeeereee $70 101 
BE sansecccccesovseseseness . ARS 1-912 


BITTEN. ccstusctnapeninenpiin 2 25-9 
LO8R? vvcccccccssseceseeeee 1946 1-956 1-968 


(2) Initially, [CHPh,Cl] = 0-120m; [NEt,F] = ca. 0-04m. 
SAMMINB.) ncrcccccvscccsseccese, 0-00 4-80 6-80 
MPR nncccsccccoccccccovceses S101 2-165 
SUMING.) cccccccccccceccccesce 157 18-3 

ecasccece 2-242 2-252 
57-5 
2-294 


° 76-9 
6-536 6-557 6-601 


(B) Tetramethylammonium Fluoride. 
(4) Initially, [CHPh,Cl] = 0-120m; [NMe,F] = 0-015. 

BORE) © cccescscicccdicceys §=9OED 1-25 2-20 3-00 
LOPR? ....cessececcceceseceeee 09141 0-9009  0-9174  0-9259 
‘yn erent: § eee 14:7 
LOPR® .....ccccccccecccseceeee 09542 0-9597  0-9643 
OS eae, 92-0 120-0 
LOPR? ......cccccccccccceceeee 09723  0-9747 00-9761 


(5) Initially, [CHPh,Cl] = 0-120m; [NMe,F] = 0-10. 
SERB) cccccsmnsnnnns OS 1-20 
BET sissesincseenceducsvedees-,, Eee 6-952 
| eee a 10-7 
DEE  cesceskecccccevechsscuse, 6-329 


E(MINS.) ..ccccccccccesseeee 525 70-0 
BOR nerccrcccscccsveiecceee OTL ©7987 


(C) Pyridine. 
(6) Initially, [CHPh,Cl] = 0-120m; [C,H,N] = 0-016m. 
GENEID, . indeeratismninncerets en 1-30 2-50 ; ; 4-20 4-90 
WO8R? vaccccscscssssssseeeeee 00455 01667 00-2083 O- 
#(MINS.) ...ccccccccssrseeesee 6-00 7-60 8-90 
LOR? ve.cececssesessceseeeeee 0°2857 00-3125 0-333 
“yacinn eecteeremeronrts «| 36-7 49-5 
LOPR ccecessssecsssesecseee 0°5263 05848 = :0-6623 


(7) Initially, (CHPh,Cl] = 0-120m; [C,H,N] = 0-064m. 


: 45-8 
1-3158 1-4493 


(8) Initially, [CHPh,Cl] = 0-022m; [C,H,N] = 0-266m. 
0-00 1-20 2-10 
0-074 0-286 0-400 
5-90 7:80 
0-662 0-752 
19-5 22-7 
1177 1-266 ~=—S:1-389 
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TABLE III (continued). 


(D) Triethylamine. 

(9) Initially, [CHPh,Cl] = 0-120m; [NEt,] = 0-0083m. 

£ (MIMS.) ......cceeeeeereeeeee 0-00 2-05 

MPR | cerdcnccrcavecccccecsees, OOGEE 0-1667 

6 GREER.) cccccccccscsccccccccs «6 BD 

WTR nncccccccccsssessoccivce OSIES 

6 GBR) . orc cccscciccccescsese SOG 107-0 

BE cmccesseesescccesneen «68RD OERRD 


he 


on 
C¥osoe 


tg O tg to 
to oo 
o & 


0-2307 


(E) Water. 
(10) Initially, [CHPh,Cl] = 0-120m; [H,O] = 0-140m. 
8 (ARIE, ) .. ceive ccterodeossncss 
8 (DRIMB.)  .cccccccccceccccce ese . 7-60 
BPR cecccccecsccconiccsenssee ; 0-0568 
B GemERB)  ncccccccccccccccccccs §SRSB 44-3 
1O®R? ....ccsccccccsccseceeeee 00813 0-0833 


(11) Initially, (CHPh,Cl] = 0-120m; [H,O] = 0-420m. 


SE 


2-40 
LPR qn. ccrccsccccssccoccocee OGL . 0- 
3- 
0- 


111 
0 s 22-0 29-0 


SE) cccsiccecsesgsoaceses . ORD 11-0 1 . : 
2299 . 0-2732 00-2755 


LOPR? .....cccccccccccccccecee 01976 0-2137 


Reaction Products.—With one of these reagents, viz., pyridine, the product was isolated by 
evaporation of the sulphur dioxide at the end of a conductivity experiment. The benzhydryl- 
pyridinium chloride, washed with ether, had m. p. ca. 203°, and gave a picrate, m. p. 173° 
(Found: C, 60-6; H, 3-5. Calc.: C, 60-8; H, 3-8%). ° 
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XXV. Unimolecular Halogen Exchange between an Alkyl Halide and 
Halide Ions in Sulphur Dioxide Solution ; and a Concluding Note. 


By LESLIE C. BATEMAN, EpwarD D. HuGHEs, and CHRISTOPHER K. INGOLD. 


The reactions of fluoride and iodide ions with m-chlorobenzhydry] chloride in sulphur 
dioxide have been further investigated (cf. p. 1011), and the former substitution has been 
subjected to detailed study. This reaction follows neither a first- nor a second-order 
law, but, on the other hand, exhibits the peculiar kinetics of the unimolecular mechan- 
ism (cf. p. 979). The agreement with theory is quantitative. 

The kinetics of the unimolecular mechanism embody two features, viz., an ionic- 
strength effect which is characteristically large, and a mass-law effect which is entirely 
characteristic. The reaction now studied has the special interest that these effects 
can be very easily separated and each studied without interference from the other. 

The ionic strength is unusually large, partly because the reaction is unimolecular 
and partly because the dielectric constant of sulphur dioxide is rather small. It is 
observed, without interference from the mass-law effect, by studying the variation of 
initial rate with fluoride-ion concentration. An ionic strength of 0-05 trebles the rate. 
The effect is of the calculated magnitude, and its dependence on concentration in dilute 
solution accurately obeys the e#-law deduced for an ionisation (cf. this vol., p. 979). 

The mass-law effect, in which chloride ions, by reversing the ionisation of the alkyl 
halide, retard substitution independently of any reversal of the substitution process, is 
very large indeed. It entirely controls the kinetic form of substitution, since the 
ionic strength does not change in the course of the reaction. Owing to the decelerating 
influence of the developing chloride ions, a reaction which starts quickly ends relatively 


slowly. The same effect, superposed on, but completély dominating, the ionic- 
3x2 
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strength effect is observed in the influence of initially added chloride ions on the initial 
reaction rate. Concentrations of added chloride no larger than 0-04m have produced 
mass-law effects depressing the rate by factors down to 1/150. All these effects show 
that chloride ions attack the alkyl cation 20 times faster than fluoride ions. 


THE survey described in the preceding paper yielded a qualitative indication that the 
nucleophilic substitutions of benzhydryl halides in sulphur dioxide proceed by the uni- 
molecular mechanism. It also suggested the halogen exchanges and Menschutkin reactions 
of m-chlorobenzhydryl chloride as suitable subjects for quantitative kinetic investigation. 
In this paper we record such an investigation for halogen exchange: our quantitative 
work on the Menschutkin reaction has been delayed, and will be reported later. 


(1) Kinetics of the Reaction between m-Chlorobenzhydryl Chloride and Fluoride Ions. 


The most convenient halogen exchange for quantitative study was found to be the 
reaction of m-chlorobenzhydryl chloride with fluoride ions supplied in the form of tetra- 
methylammonium fluoride. Tetramethylammonium chloride, which is produced in the 
reaction, is soluble in the solvent, and hence the solution remains homogeneous. Further- 
more, under these conditions the exchange 


RCL + F~ <> RF + C- o ete re a let @ 
proceeds to an equilibrium which is well over on the right—sufficiently far, at least, to 
enable a considerable proportion of the reaction to be followed without appreciable 
disturbance from the retrograde process. If substitution occurs by the unimolecular 
mechanism, we can understand an equilibrium situated as described, since the more facile 
ionisation of RCl than of RF will favour reaction (Ia). 

(a) Qualitative Explanation of the Kinetics.—The reaction was followed by means of 
measurements of electrical conductivity, controlled by chemical analysis. 

The reaction-time curves indicated a complicated form of kinetics, not expressed by 
any classical reaction order. If the mechanism of substitution were unimolecular, we should 
expect this; for, as explained in a preceding group of papers (this vol., pp. 960, 966, 971, 
974, 979), the first-order rate law is a limiting law for unimolecular substitution, and is, in 
general, more or less markedly disobeyed on account of two effects, viz., a mass-law effect 
which is entirely characteristic of the unimolecular mechanism, and an ionic-strength 
effect, which, although not qualitatively characteristic, is especially large in the unimolecular 
mechanism. 

Setting out the forward component (a) of reaction (I) in accordance with the 
unimolecular mechanism, 


qa) (8) 
wank: Validate’: tanaltaibeal bate @ot  excte- ell 
@ ° 


we see that a mass-law effect will arise provided that the rate-of reaction (2) is not 
negligibly small in comparison with that of reaction (3). As, actually, the rate constant 
of reaction (2) is considerably greater than that of reaction (3), the mass-law effect becomes 
very large. The result of it may be described as follows. The cation, R*, is formed from 
RCI according to a first-order rate law. Assuming that the only solutes initially present 
are the reagents RCI and F-, of reaction (Ia), it can be asserted that, initially, the whole 
of the R* formed will be converted into RF. But at all times after the commencement 
of reaction the formed R* will become partitioned, a part yielding RF and the remainder 
being reconverted into RCl; and the fraction of the R*+ formed that passes into RF will 
fall progressively as an increasing concentration of chloride ions is built up. Thus the 
observed rate of formation of RF will fall in a progressively increasing degree below the 
rate at which R* is being formed, 7.¢., below the rate of a first-order reaction. 

The ionic-strength effect consists, strictly, in a modification of the rates of all of the 
component reactions, (1), (2), and (3), on account of the ionic environment. We can show, 
however, that, owing to the similar nature of reactions (2) and (3), the effect of the ionic 
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atmosphere on their rates will be nearly equivalent, so that it is a justifiable approximation 
to treat the ratio in which R* is partitioned between reactions (2) and (3) as independent 
of the ionic strength. In this approximation, therefore, the discussion of the ionic-strength 
effect on the whole substitution process (Ia) reduces to a consideration of the effect of 
ionic strength on the rate-controlling ionisation (1). The rate of any ionisation of a neutral 
molecule must increase with the ionic strength, because an ion atmosphere reduces the 
energy of the transition state of ionisation, which is a strong electric dipole. For dilute 
solutions the law of the increase is known, and even the value of the single molecular 
parameter which it contains is approximately known. i 

Concerning the separation of the two effects, we have already observed that, if the 
only solutes present initially are the reagents of process (Ia), the mass-law effect does not 
disturb the initial rate. Therefore, by the study of initial rates with different concentra- 
tions of the tetramethylammonium fluoride, we can isolate the ionic-strength effect. We 
now note also that in any one substitution experiment the ionic strength will be independent 
of the time (because substitution merely replaces one halide ion by another). It follows that 
the ionic-strength effect will not disturb the form of the reaction-time curve, a study of 
which will isolate the mass-law effect. Of course, the ionic strength will modify absolute 
rate throughout reaction, but only by a constant factor; so that, if we deduce from the 
whole reaction-time curve the rate-constant for the rate-governing reaction (1), we shall 
obtain the same dependence on ionic strength as if we had evaluated the constant directly 
from the initial rate of substitution. 

There is another way to isolate the mass-law effect, viz., by the measurement of initial 
rates in the presence of initially added tetramethylammonium chloride. If, for reference, 
we make an initial rate measurement in which the only initial solutes are m-chlorobenz- 
hydryl chloride and tetramethylammonium fluoride, and then repeat it with the initial 
addition of tetramethylammonium chloride, the mass-law effect due to the added chloride 
ions should decrease the rate, certainly below the enhanced value appropriate to the 
increased ionic strength, and possibly below the original value. Because the mass-law 
effect is large, we actually observe rates depressed to far below the original value. The 
depressions, as reckoned from the enhanced rates corresponding to the ionic strengths, 
directly measure the mass-law effect. 

Naturally the mass-law effect will control the general form of the reaction-time curve 
in these experiments with initially added tetramethylammonium chloride, just as in 
experiments without an initial addition of this salt; and in both cases the mass-law 
effect will be the sole determinant of kinetic form, provitied the reaction does not go so 
far towards equilibrium that we can no longer neglect the retrograde substitution process 
(Id). 

The mass-law effects are definite proof of the unimolecular mechanism of substitution. 
The agreement of the ionic-strength effect with calculation is corroborative evidence; as 
is also the rough identity of the rates of substitution with different substituting agents, as 
established in our preliminary, semi-quantitative survey (preceding paper). 

(b) Ionic-strength Effect—The stabilisation by means of an ionic atmosphere of the 
transition state may be expressed also as a diminution in its fugacity or activity, and 
measured by the defect of a corresponding activity coefficient below unity ; and the relation- 
ship with activation energy is such that, on the transition state theory of reaction rate, the 
ionisation should be accelerated by a factor which is simply the reciprocal of this activity 
coefficient. The activity coefficient, fr, has to be derived from a consideration of an 
electrical interaction limited by thermal motion: it depends on the ionising molecule only 
through an electrical parameter, o, of the transition state, on the ionic environment only 
through the ionic strength, u, on the solvent only through its dielectric constant, D, and 
otherwise only on the absolute temperature T (loc. cit.) : 


(1/fr) 


It follows that, for our solvent and temperature (D = 16-4and T = 262°), the rate constant, 
k,™, of ionisation, in-a solution in which the ionic strength is y, is related to the limiting 
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=> antilog,,)(0-912 x 10'%oy,/D*®T?) . . . . ° (1) 
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value, k,, to which this constant tends as the ionic strength approaches zero, in the 
manner represented by the equation 


k,” = k,®” antilog (4-94 x 108 oy) . . . . ° . (2) 


This is a limiting law for dilute solutions. We expect it to hold up to ionic strengths of 
about 0-04—0-05 (loc. cit.), after which deviations should arise which should cause the 
observed values of k,“ to fall below those calculated from this equation. 

(c) Ionic-strength Effect and Initial Rates—We have seen that by measuring initial, 
specific rates of substitution, Af, = {— (d[{RCl]/dé)/[RCl}},_,, with different initial 
concentrations, c, of tetramethylammonium fluoride, we measure, directly and without 
disturbance, the ionisation rate constants, k,“), appropriate to the ionic strength, p =c, 
due to the tetramethylammonium fluoride. A number of measurements of the initial 
specific rates are assembled in Table I. The meaning of the fourth and fifth columns will 
be made clear in the experimental section: they have to do with the conversion of 
electrical conductivities into concentrations; the headings of the remaining columns are 
self-explanatory. We note that the salt effect on rate is enormous—far larger than for 
any known reaction in water; thus a salinity of only n/20 more than trebles the rate. 
This was expected: it arises in part from the unimolecular nature of the reaction, and in 
part from the relatively small dielectric constant of sulphur dioxide, and the inverse- 
quadratic effect of this represented in equation (1). On the other hand, there is no 
possibility of confusing the rate increase with the effect of a predominantly bimolecular 
reaction, since the factor by which the concentration of tetramethylammonium fluoride is 
changed over the range of experiments recorded is as high as 18. 


TABLE I, 


Initial Specific Rates (kf, in sec.) of Substitution of m-Chlorobenzhydryl Chloride 
(RCI) by means of Tetramethylammonium Fluoride in Sulphur Dioxide at — 10-75°. 


No. [RCImo.- [NMe,F] =o. Ghee dx/,” dt)rmo’ 105K. 
1 0-0028 3-31 48-3 1-60 

2 0-0087 3-97 48-4 1-92 

3 . 0-0190 5-70 48-6 2-77 

4 . 0-0253 6-58 49-0 3-12 

5 0-0402 10-35 50-8 5-26 


It follows from equation (2) that if we plot log R{, (=log k,™) against c (= y), 
we should get a straight line. Its intercept on the axis of ordinates should give the initial 
specific rate of substitution, that is, the rate constant of ionisation, corrected to indefinitely 
small ionic strengths. Its slope, 4-94 x 108s, should give the parameter o. 

The plot is shown in Fig. 1. Evidently the dependence of the initial rate of substitution 
on the concentration of the saline reagent is following a law of the. form required by our 
interpretation of the effect as a neutral salt influence on an ionisation process. It is even 
satisfactory that the linear law is beginning to fail, as it should land in the manner in 
which it should), at the largest ionic strength investigated. 

The intercept of the straight line on the axis of ordinates gives kh, = 2-19 x 10-*sec.7. 
This is interpreted as the rate constant, k,, of ionisation in solutions of vanishingly small 
ionic strength. The slope of the straight line, which measures the intensity of the whole 
effect, gives for the parameter, o, the value 2-72 x 10° cm. = 2-72 a.; and we have to 
consider whether this is a reasonable value. It will be recalled (loc. cit.) that if, when cal- 
culating fp, we treat the transition state as a pair of point charges, + ze, separated by a 
distance, d, then o is simply 2°d; although for any actual transition state, we have to 
absorb into o a numerical factor, of the order of unity, to take account of the shape of the 
system. An order-of-magnitude calculation has been made (loc. cit.), which shows that, 
for any benzhydryl halide, « should be of the order of 2 a.; and previous experience (loc. 
cit.) in connexion with the solvolytic reactions of various simple and substituted benzhydryl 
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halides in aqueous acetone has given experimental values of o, which vary from one halide 
to another but lie within the range 1-61 A. to 2°73. 4. Thus the value which we here deduce 
from the non-solvolytic substitution of m-chlorobenzhydryl chloride in sulphur dioxide 
seems reasonable in the light of both theory and experience. 

(d) Mass-law Effect.—In order to obtain a complete expression for the mass-law effect, 
we refer back to equation (Ia), and note that the measured rate of substitution is given by 


dx/dt =v =v,05/(¥9 +3) « «© «© © «© «© « (3) 


where v,, Vg, and v, are the instantaneous rates of the component reactions (1), (2), and (3) 
respectively. For generality, let the initial concentrations of m-chlorobenzhydry] chloride, 
tetramethylammonium chloride and tétramethylammonium fluoride be a, b, and c re- 
spectively; the case in which no tetramethylammonium chloride is added initially can then 


Fic. 1. 
Ionic-strength Effect on Initial Reaction Rate. 

















2. 1 l i l 
0-0] 002 e 0-03 0-04 0-05 
[The points show the observed dependence of the initial specific rate of substitution, Ai o, of 
m-chlorobenzhydryl chloride by means of tetramethylammonium fluoride on the concentration, c, ot 
the latter. The straight line shows the theoretical limiting form of the dependence for low salt con- 
centrations, according to the interpretation that the rate variations represent an na ate effect 
in unimolecular substitution.] 





easily be treated by setting b equal to zero. Referring to equation (1) above, and to 
equations (6) and (8) of our previous paper (this vol., p. 988), we find 








v, = k,(a — x) antilog,, {0-912 x 10'c(b + c)/D°T . . . . (4) 
_ e antilogy, {0-912 x 10*%o(b + c)/D?T} 

> diay AeMTR*}O + 2). satlig., {3-63 x 1085+ c)t/D¥T}° 6) 
i antilog4, {0-912 x 10%*0’(b + c)/D®T?} 

My = hyO[R*](C — *) - cotitog,. 363 x 10% 4+ D™TR 2° °C) 


Equation (6) contains the parameter, o’, for the transition state of ionisation of 
m-chlorobenzhydry]l fluoride. We have not yet been able to determine this constant, but 
it cannot be very different from the constant, o, relating to benzhydryl chloride. In our 
previous work we found that the values of « for benzhydryl chloride and benzhydryl 
bromide differed by only 8%, and a model calculation showed that a difference of this 
order of magnitude should have been expected (loc. ci#.). Analogous considerations suggest 
a similarly small difference between the constants for m-chlorobenzhydryl fluoride and 
chloride; and, because the rates are not very sensitive to the exact values of the constants,* 


* This is primarily because an antilogarithmic factor is equivalent to an exponential ; if x is small, 


e may be approximated as 1 + x, which suffers a proportionally smaller change than x, when * is 
varied. The application to equations (4—6) will be obvious. 
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we shall introduce no serious error by setting o’ equal to c. Substituting equations (4), 
(5), and (6) in equation (3), and making this approximation, we find 


= = hy” antilogys {0-912 x 10'%o(b + c)/D*T¥} . - o aoe "s *) a 





if 


where the “ mass-law constant,” 


wee nc 6 os eee &@ 


represents the ratio, at vanishingly small ionic strengths, of the speeds of attack by chloride 
and fluoride ions on the alkyl cation, R*. Recalling equations (1) and (2), equation (7) 
may be rewritten ” 
dx 
di 


(a — x)(c — x) (9) 
y 2s co oy ieee 
where k,) is given by equation (2), with »=b+c, k,® =2-19 x 10° sec., and 
o = 2-72 x 10°. On integrating equation (9) we obtain 


hi” = 7 - 5 | a(6 + clog, —“— + {(a — c) — o(a + d)}log, ol . (10) 


= k,) 





These equations illustrate a number of qualitative remarks made earlier. Thus 
equation (9) shows that the rate, dx/dt, is changed by the ionic strength only through the 
factor k,“)/k,, which is independent of x, and therefore remains constant throughout 
any one experiment. Equation (10) shows that the functional connexion between x and 
t, and, in particular, its deviation from the limiting first-order function,* depends only on 
the mass-law effect, i.¢., on «; although the value of the deducible constant, k,™), will 
depend on the ionic-strength effect, 7.c., on o. Again, if we take the limiting form of 
equation (9) when ¢ tends to zero, we obtain 


(@)_ JV" =4* az 


or, in case 6 = 0, 


{@)_/},..-%” 


This means that, if two measurements of the initial specific rate of substitution are carried 
out at the same ionic strength yp, in one only of which tetramethylammonium chloride is 
present, in concentration 6, then this rate will be depressed below the other by the factor 
c/(«b +c). Measurement of this “‘ rate-depression factor” (‘‘ RDF”’), defined by 


: won) = (8), Jel" mag = a 


thus gives an easy means of determining «. 

(e) Mass-law Effect and Initial Rates in the Presence of a Common Ion.—Some determin- 
ations by this method of the mass-law constant, «, are recorded in Table II. Columns 
2—5 give the initial concentrations and ionic strengths. The next two columns, which 
can be understood with the aid of experimental particulars given later, concern the 
translation of electrical conductivities into concentrations. The eighth column records the 
derived initial specific rates. The ninth gives the rates with which these have to be 
compared, viz., rates for the same ionic strength but in the absence of tetramethylammon- 
ium chloride, as obtained by interpolation from the date of Table I. The factors by which 
the added tetramethylammonium chloride has depressed the rate are in the penultimate 
column, whilst the last column gives the values of «, which are derived from these factors 
by means of equation (11). 


* k,™ = (1/t) log. {a/(a — x)}. Naturally, this results from (10) when a is set equal to zero. 








ed 
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TABLE II. 


Initial Specific Rates [(dx/dt),_,/a in sec] of Substitution of m-Chlorobenzhydryl 
Chloride (RCl) by Means of Tetramethylammonium Fluoride in the Presence of 
_Tetramethylammonium Chloride in Sulphur Dioxide at — 10-75°. 


Expt. a= b= c= w= 10*(%*) () 10 dt ino}. 
No. [RCI], 9° (NMe,CI}, _ 9- [NMe,Cl}, _9- b+. dt t<0 dx ” a 10%, *), “ RDF.” a. 
6 0-0671 0-0079 00032 O-O111 00-0811 48-4 0-0585 3-08 90-0190 20-9 
7 0-0662 0-0065 00051 0-0116 0-186 48-4 0-136 3°12 0-0437 17-2 
8  0-0650 0-0399 00057 0-:0456 0-0607 50-4 0-050 750 0-00667 21-3 
Mean 19-8 


The «-values are only approximately consistent, but the degree of agreement seems 
reasonable when it is reflected that they are obtained from rates depressed by factors 
ranging from 1/23 to 1/150, and that the kinetics are not highly sensitive to the precise 
value of «. 

We may compare these effects of a salt having an anion in common with that produced 
from the benzhydry] halide with those which were observed in the solvolysis of such halides 
in aqueous acetone (loc. cit.). The largest rate depression found in solvolysis was in the 
case of pp’-dimethylbenzhydryl chloride, for which the addition of 0-05n-chloride ion 
reduced the substitution rate below that appropriate to the ionic strength in the absence 
of an added common ion, by the factor 1/3. In the present study of non-solvolytic sub- 
stitution of m-chlorobenzhydryl chloride, the addition of 0-04n-chloride ions reduced 
the rate by the factor 1/150. The evident explanation of the difference is that chloride ions 
find less difficulty in competing for the alkyl cation with a substituting agent, such as 
fluoride ion, which is present as a solute in low concentration, than with a substituting agent, 
such as water, which forms an important constituent of the solvent. 

(f) Mass-law Effect and Kinetic Form of Substitutton.—The large influence of the mass- 
law effect is immediately apparent on inspection of the reaction-time curves. A part of 
one of these curves is exhibited in Fig. 2; it represents the first 20% of reaction, and 
experience has shown that, although the reversibility of the stoicheiometric substitution is 
not negligible over the whole of the observable reaction, its influence can be safely neglected 
over ranges of the order of that mentioned.* The common characteristic of all these curves 
is the contrast between their strong initial curvature and their slight subsequent curvature. 
No ordinary kinetic equation can be made to fit such curves; for example, if first- or 
second-order equations are fitted to the initial portion of the curve drawn in Fig. 2, these 
equations will not then fit the remainder of the curve; this is illustrated in the Fig. On 
the other hand, having determined the mass-law constant, «, from the effect of added chlor- 
ide ions on the initial rate of substitution, we can proceed to show that equation (10), which 
expresses the special kinetic form required by the unimolecular mechanism, represents the 
kinetic form satisfactorily. The full-line curve of Fig. 2 is, indeed, the curve of equation 
(10), and it is practically identical with the best curve that can be drawn through the 
experimental points. It is to be noted that no use has been made of the kinetic form of 
substitution in deriving the constants, « and k,™, of equation (10)—these constants having 
been obtained entirely from observations of initial rates. 

An alternative method of representation corresponds to that which we adopted in 
connexion with the solvolytic experiment (loc. cit.). First, from the readings obtained in 
an experiment, we calculate formally, either integrated first-order “‘ constants,” k,, or 
integrated second-order “‘ constants,” &,: these are, of course, not constant, but fall 


* These substitutions are considerably more reversible than the solvolytic substitutions in aqueous 
acetone (loc. cit.). Under the conditions of most of our experiments in sulphur dioxide, several units % 
at least of m-chlorobenzhydryl chloride and fluoride ions remained in pseudo-equilibrium with their 
reaction products; but it was found impossible to determine equilibrium compositions accurately, 
because the long experiments in which it was attempted to approach closely to equilibrium were subject 
to some slowly developing disturbance, which may have been a decomposition of benzhydryl fluoride 
analogous to the known decomposition of benzyl fluoride (Ingold and Ingold, J., 1928, 2249). 
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Fie, 2. 
Kinetic Form of Substitution: Part of Reaction-Time Curve. 














0 1 1 1 l 
] 2 3 i 6 
, Time, in seconds x 10 3 


[The circles represent the observations of Expt. 4. The full-line curve is yd ees of equation (10), 
with a, b, and c corresponding to concentrations used in Expt. 4, and &, and a taken from Tables I and 
II, respectively. The other curves represent the first- and second-order equations, 


ht = 2-303 log{a/(a — x)} and kat = 2-303 log{c(a — x)/a(c — )}/(a — c), 
fitted to the first part of the experimental reaction—time curve.) 


Fic. 3. 
Kinetic Form of Substitution : Integrated Rate Constants. 


© o © 6 
Equation 10 °o 6 

















| 
4 lz 
100 x/c. 

[© Integrated first-order rate constants, k,, from Expt. 1, with k,”) = 2-38 x 10 sec. as unity 
ee a graph shows calculated dependence of these constants on reaction progress 
equation 10). ¥ 

x Integrated second-order rate constants, k,, from Expt. 1, with &,)/c = 8-50 x 10 sec." g.- 
peeaed as 10. Associated graph shows calculated dependence of these constants on reaction progress 
equation 10). 

© Integrated “unimolecular” constants, %,“), from Expt. 1, with &,) = 2-38 x 10° sec.- as 
unity. Equation 10 requires that these values should be constant and equal to unity.] 
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with the progress of the reaction. Then, by eliminating the time between equation (10) 
and the integrated rate equation for a first- or a second-order reaction, we can calculate 
the laws according to which these constants should fall if the kinetics were governed by 
equation (10). This is illustrated in Fig. 3, in which the curves associated with the points 
for the integrated first- and second-order rate constants, as calculated from the observations, 
are the theoretical curves obtained by the use of equation (10). On the other hand, if we 
calculate the integrate values, k,”), of k,™), the rate constant of ionisation, directly from 
the observations by means of equation (10), we obtain the comparatively steady series of 
points shown at the top of the diagram. 

It is obvious from either of these diagrams that substitution does not proceed by the 
bimolecular mechanism (Sy2), which would require a close approximation to second-order 
kinetics.* On the other hand, the observed kinetic form of substitution reveals all the 
quantitative features that particularly distinguish the unimolecular mechanism (Syl). 


Fic. 4. 
Kinetic Form in Presence of Chloride : Part of Reaction-Time Curve. 








l l 
Time, in seconds x 10™* 


[The circles represent the observations of Expt. 6. The curve is the graph of equation (10), with 
a, b, and ¢ corresponding to the concentrations used in Expt. 6, and #, and a taken from Tables I and 
II respectively.] 








0 


(g) Mass-law Effect and Kinetic Form in the Presence of Added Chloride.—The primary 
influence of an initial addition of chloride ions is to depress the whole reaction rate strongly, 
owing to the mass-law effect of chloride ions which is characteristic of the unimolecular 
mechanism. But because the initial addition partly buffers the chloride-ion concentration, 
we expect the further depression of specific rate during the progress of reaction to be less 
marked than when no chloride is added initially. This means that there should be not 
nearly so much contrast between the initial and the later curvature of the reaction-time 
curve. This is illustrated in Fig. 4, which shows such a curve over a range within which 
it is safe to neglect the effect of the stoicheiometric reversibility of substitution. Actually 
the curve drawn is a graph of equation (10), which is hardly distinguishable from the best 
curve through the experimental points. It is thus clear that the equation of the unimolecular 
mechanism accounts quantitatively for the change of kinetic form described. 

In spite of the more normal appearance of the reaction-time curves obtained in the 
presence of added chloride they are far from representing a reaction of any simple order. 
This is shown in Fig. 5, from which it is seen that integrated first- and second-order rate 
constants fall to about half their initial value after only 15% of the stoicheiometrically 


* The only cause for deviation would be an ionic-strength effect, which in the Brénsted—Debye 
approximation, would be zero, and which in any case should be small. (The Brénsted—Debye approxim- 
ation in the kinetics of bimolecular reactions of ions corresponds to the approximation in which we 
treat unimolecular ionisation; joc. cit.) 
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possible reaction. Once again this can be quantitatively interpreted by means of equation 
(10): it is simply the mass-law effect of the unimolecular mechanism (Syl). 


Fie. 5. 
Kinetic Form in Presence of Chloride : Integrated Rate Constants. 
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[© Integrated first-order rate constants, £,, from Expt. 6, with k,“) = 3-08 x 10-5 sec.-t as unity. 


x Integrated second-order rate constants, %,, from Expt. 6, with k,“)/c = 9-63 x 10° sec. 
g.-mol.-1]. as unity. 


© Integrated unimolecular rate constants, 2,“), from Expt. 6, with k, = 3-08 x 10-5 sec.-! as 
unity. 
The curves are derived from equation (10) as previously illustrated.] 


(2) Reaction of m-Chlorobenzhydryl Chloride with Iodide Ions. 


We were unable to study this reaction in a quantitative manner because chloride and 
iodide ions made too nearly similar contributions to the conductivity. It was, further- 
more, suspected that in homogeneous solution the equilibrium 


RCI + I- <= RI+ Ch ‘OP aoe ae ae a 

( 

would be unfavourable to the study of the forward reaction (IIa), because the more facile 
ionisation of RI than of RCl would favour reaction (IIb). We tried overcoming these 
difficulties by supplying, as a source of iodide ions, a salt such that the corresponding 
chloride is very sparingly soluble, and is therefore precipitated with the result that reaction 
(IIb) is inhibited and reaction (IIa) allowed to proceed. Ammonium iodide fulfilled these 
conditions, but it proved unsatisfactory to have solid matter forming in the path of the 
current during measurements of electrical conductivity, and we therefore do not record 
our determined rate constants, since they cannot have more than a semiquantitative 
significance. For what it is worth, the figure found for the specific rate of substitution 
at — 10-75° in the region of zero ionic strength was k,® = 3-3 x 10° sec.“!, but this is 
subject to considerable uncertainty. 


(3) Concluding Note. 


The group of consecutive papers of which this is the last have been presented together 
because they seem to us together to constitute a definite stage in our investigations of 
aliphatic substitution. We may here explain in what respect we suppose the general 
position to have been advanced. 

First, in the course of the work now described, we considered it necessary to digress 
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from the normal line of development in order to dispose of an obviously ill-founded, but 
nevertheless persistent, series of criticisms by Taylor, which at an earlier stage we had 
hoped to ignore, since they were largely self-inculpatory. The conclusions were easily 
demonstrated to be false. Moreover, in so far as we repeated the experimental work, we 
found nearly all of it to be incorrect; and the interal evidence of the part of the record 
that still remains unchecked shows that it is unlikely to come through a detailed 
re-examination more creditably. 

Secondly, having thus “ cleaned the slate’’—for no unanswered criticisms of our 
conclusions now remain *—we felt free to continue the main investigation, the next stage 
of which was to develop for selected cases a somewhat careful proof of the ionisation 
mechanism. We deemed this necessary, not because we found the previous, less direct 
evidence unconvincing, but because of our belief that advance over the broad field of 
organic reactions would be greatly assisted by a more wide-spread recognition of the 
importance of ionisation as a mechanism of change, even in cases in which the equilibrium 
proportion of ions is immeasurably small or inaccessible to measurement. (We may here 
report that benzhydryl, m-chlorobenzhydryl and even pp’-dimethylbenzhydryl chlorides 
exhibit in sulphur dioxide no conductivity which was measurable in our apparatus.) 
We look upon Hughes and Ingold’s work (since 1933) on aliphatic substitution, and their 
attempt (1937) to show that the facts of the Walden inversion required duplexity of 
mechanism involving such ionisation, as isolated instances only of the wide potential 
applicability of the ionisation theory. Our new proof was developed first for solvolytic 
substitutions, because this has been the chosen theatre of opposition to the theory; but 
we then showed that the same method of proof could also be applied, with identical results, 
to non-solvolytic substitutions—and thus to substitutions generally. This is where the 
matter now stands, but it is a legitimate hope that essentially the same methods will lead 
to equally clear-cut demonstrations in a number of fields—additions, eliminations, and 
isomeric changes—wherein the evidence of ionisation as a mechanism is still largely 
circumstantial. 

EXPERIMENTAL. 


Materials —The preparative work is described in the preceding paper. 

Apparatus.—This was the same as that described in the preceding paper, except that a 
different cell was used. The cell constant was determined by comparison with a standard cell 
at 25°, the same 0-01Nn-potassium chloride solution being used. The constant was originally 
0-555 cm.-!, but, after a minor accident and its repair, became changed to 0-570 cm... The 
conductivities recorded below (ohm-! cm.-!) are the measured reciprocal resistances, multiplied 
by the appropriate cell constant (distinction from the record in the preceding paper). The 
thermostat was set to —10-75°. 

Conversion of Conductivities to Concentrations.—For the experiments with tetramethyl- 
ammonium fluoride as substituting agent it was necessary to know the conductivity change 
associated with the replacement of this salt by tetramethylammonium chloride at any constant 
total-salt concentration within the experimental range. The first step. was to prepare conduc- 
tivity-concentration curves for the two salts. For this purpose a portion of the dried salt was 
emptied quickly (without weighing) into the cell, and the sulphur dioxide was distilled on to 
it at — 80°. When the cell had warmed to the thermostat temperature, the resistance was 
read and the volume of the solution noted. The sulphur dioxide was then evaporated, the salt 
dissolved in water, and the halide ion estimated. Fluoride ion was estimated by precipitation of 
lead fluoride chloride, which was collected, redissolved and estimated as chloride by Volhard’s 
method (Mitchell and Ward, ‘“‘ Modern Methods in Quantitative Analysis,” 1932, p. 77). The 
chloride ion was estimated by Volhard’s method. These analyses, combined with the volume 
measurements, gave the concentrations corresponding ‘to the observed conductivities. 

The results, which are in Table III, when plotted yield two lines of different slope, passing 
through the origin, and having slight and similar curvatures towards the concentration axis 


* Except one by Roberts and Urey (J. Amer. Chem. Soc., 1939, 61, 2584) on the subject of esterific- 
ation, which, being rather aside from the main theme, will be considered later. [Added 22/6/40.] 
Exception must also be made of a further paper by Taylor which has just appeared (this vol., p. 679). 
In it he claims to have realised hydrolysis of a-phenylethyl chloride with predominating retention of 
configuration, but the experimental evidence is unsatisfactory, and the conclusion anomalous. 
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(axis by abscisse). By plotting the vertical separation of these curves against the abscisse, we 
can obtain a curve for the conductivity difference between the salts at various concentrations, 
This curve is a straight line passing through the origin for concentrations up to 0-02, after which 
the line bends a little in the direction of the concentration axis. Taking now the ratios of the 
abscisse to the ordinates of points along this curve, and plotting them against the abscissz, 
we obtain a curve which gives, for each total-salt concentration, the factors by which conductiv- 
ity changes are to be multiplied in order to give the concentrations of tetramethylammonium 
fluoride which have become replaced by tetramethylammonium chloride. The factors are 
substantially independent of the salt concentration up to 0-02, and then rise slightly; they 
are given in Table IV. 

For the experiments with ammonium iodide as substituting agent it was necessary to have 
only the connexion between the conductivity of this salt and its concentration, since the formed 
ammonium chloride is precipitated. Ammonium iodide is not particularly hygroscopic and 
therefore could conveniently be weighed into the cell. In two cases, however, the concentrations 
derived by weighing the salt were checked by analysis, by methods similar to those of the 
calibration experiments with the tetramethylammonium salts. The results are in Table III. 
When plotted, they yield a line which passes through the origin and has a distinct curvature 
towards the concentration axis. 


TABLE III. 


Conductivity (x in ohm- cm.-) of Salts in Sulphur Dioxide at — 10-75°. 
NMe,F. NMe,Cl. NH,I. 











10*x. Concn. 3 Concn. 10*«. 
0-289 0-0046 . 0-0079 0-203 
0-324 0-0053 - 0-0109 0-325 
1-10 0-0163 . 0-0250 

1-30 0-0215 : 0-0328 0-429 
2-92 0-0516 . 0-0341 0:587 
3-26 0-0601 5 0-0389 

3-88 0-0734 : 0-0719 

4-14 0-0794 


* By weighing. + By analysis. 


TABLE IV. 


Factors (dx/dx) for the Conversion of Conductivity Differences into Concentration of Reacted Tetra- 
methylammonium Fluoride at Different Total-salt Concentrations (p). 


JB ccccccccccccccccsccsccsccss §=—§ OOD) 0-01 0-02 0-03 0-04 0-05 0- 
AE [die  ...ccccccccccccccscee 48°3 48-4 48-7 49-2 49-9 50-8 51- 


06 
8 


Kinetic Measurements.—The salt was first introduced into the cell, and the sulphur dioxide 
was distilled on to it. When the solution had taken the temperature of the thermostat, — 10-75°, 
the volume and conductivity were noted. The m-chlorobenzhydryl chloride was added from 
a small graduated pipette. The immediate effect of this was to produce a fall of conductivity, 
owing presumably to the slight alteration in the properties of the ionising solvent. Thereafter 
the conductivity changed steadily, and readings were taken at suitable intervals. The results 
are in Table V. 


TABLE V. 


Changes of Conductivity (« in ohm-! em.-) during Reaction of m-Chlorobenzhydryl Chloride 
(RCI) with Fluoride Ions in Sulphur Dioxide at — 10-75°.* 


Expt. 1. Initially, [RCI] = 0-0670m, [NMe,F] = 0-0028m. 


10*x. é (mins.). . 10*x. é (mins.). 10*x. 
2-017 ° 2-081 69-0 2-136 
1-974 . , 2-091 81-0 2-146 
1-998 . ; , 2-109 127-0 2-172 
2-013 . S . 2-118 180-0 2-181 
2-026 ° . 2-128 258-0 2-190 
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Expt. 2. 


Expt. 3. 


Expt. 4. 


Expt. 5. 


Expt. 6. 


Expt. 7. 


Substitution at a Saturated Carbon Atom. 
TABLE V> (continued). 


Initially, [RCI] = 0-0683Mm, [NMe,F] = 0-0087m. 


10%x. 
0-577 
0-558 
0-560 
0-562 
0-564 
0-566 


¢ (mins.). 
10-7 
13-9 
17-1 
20-8 
24-9 
28-5 


108«. 
0-569 
0-572 
0-574 
0-576 
0-579 
0-581 


t (mins.). 


Initially, [RCI] = 0-0692m, [NMe,F] = 0-0190m. 


10° x. 
1-225 
1-176 
1-186 
1-189 


t (mins.). 
10-2 
15-6 
22-7 
33-5 


10% x. 
1-193 
1-201 
1-212 
1-223 


¢ (mins.). 


48-1 
73-5 
103-5 
159-0 


Initially, [RCI] = 0-0651m, [NMe,F] = 0-0253m. 


10%x. 
1-586 
1-521 
1-525 
1-536 
1-539 


¢ (mins.). 
13-1 
17-5 
21-5 
26-0 


10% x. 
1-548 
1-554 
1-562 
1-564 


¢t (mins.). 


40-0 
53-0 
70-0 
88-0 


Initially, [RCI] = 0-0683m, [NMe,F] = 0-0502m. 


10*x. 
2-861 
2-741 
2-749 
2-762 


t (mins.). 
10-8 
16-1 
23-0 
32-0 


10x. 
2-775 
2-789 
2-803 
2-817 


¢ (mins.). 


45-0 
57-0 
73-0 
95-0 


10°x. 
2-839 
2-854 
2-868 
2-883 363-0 


Initially, [RCI] = 0-0671m, [NMe,F] = 0-0032m, [NMe,Cl] = 0-0079m. 


t(brs.). 10. 
0-00 9-328 
0-50 8-890 
1-31 8-908 


¢ (hrs.). 
2-33 
3-70 


10*x. 
8-923 
8-945 


¢ (hrs.). 
5-30 
7-20 


10*x. é (hrs.). 


8-958 8-90 
8-966 22-5 
_- 31-0 


Initially, [RCI] = 0-0662m, [NMe,F] = 0-0051m, [NMe,Cl] = 0-0065m. 


t(hrs.).  10*«. 
0-00 9-208 
0-06 8-824 
0-25 8-836 


t (hrs.). 
0-58 
1-58 
2-59 


10*x. 


8-856 ° 
8-806 
8-935 


t (hrs.). 
3-50 
4-50 
5-50 


10*x. é (hrs.). 


8-962 7:8 
8-982 23-0 
8-997 31-0 


Expt. 8. Initially, [RCI] = 0-0650m, [NMe,F] = 0-0057M, [NMe,Cl] = 0-0399m. 


t (hrs.). 10*x. 


0-00 33-550 
0-18 33-101 
2-50 33-140 


t (hrs.). 
3-1 
5-6 


— 


10*x. 


33-159 
33-187 


t (hrs.). 
71 
8-1 


10%. — ¢ (hrs.). 
33-216 9-1 
33-226 9-6 


_— 48-0 
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* In this Table the conductivities at zero time are those measured before the introduction of the 
alkyl chloride. 
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Note. 


NOTE. 


The Preparation of 2-Phenylnaphthalene from Diphenyl. By D. H. Hey and R. WILKINson. 


WEIZMANN, BERGMANN, and BoGracnuov have recently described in a preliminary note (Chem. 
and Ind., 1940, 59, 402) a new method for the synthesis of 2-phenylnaphthalene. They show that 
diphenyl reacts with succinic anhydride to give B-p-phenylbenzoylpropionic acid (1) [erroneously 
termed §-4-diphenylylpropionic acid], which is reduced by the method of Clemmensen to yield 
y-4-diphenylylbutyric acid (II) : the latter is cyclised through the acid chloride to give 1-keto- 
7-phenyl-1 : 2: 3: 4-tetrahydronaphthalene (III), which is further reduced to 7-phenyl- 
1:2:3:4tetrahydronaphthalene and, without purification, dehydrogenated with selenium 
to yield 2-phenylnaphthalene. 


CH,°CO,H CH,°CO,H 
r4 Jods > CH, — 
Ko Ca 


(I.) (II.) 


An almost identical series of reactions was carried out by the authors in 1936 (R. Wilkinson, 
Ph.D. Thesis, Manchester University, 1938) with the two-fold object of obtaining 2-phenyl- 
naphthalene derivatives and compounds, such as 1 : 4-diketo-7-phenyl-1 : 2 : 3 : 4-tetrahydro- 
naphthalene or 1-keto-7-phenyl-1 : 2:3: 4-tetrahydronapthalene (III), which on oxidation 
might be expected to yield 4-phenylphthalic acid. Since both of these objectives were 
achieved in other ways (see Hey and Lawton, this vol., p. 374; Butterworth, Heilbron, 
Hey, and Wilkinson, J., 1938, 1386), further work on the condensation of succinic 
anhydride with diphenyl and its derivatives was temporarily abandoned. Since an early 
resumption of this line of work is now unlikely, it is desired to place on record the results 
already completed, which agree substantially with those now reported by Weizmann, Bergmann, 
and Bograchov (loc. cit.). In general the experimental conditions differ in minor detail only 
from those reported by Weizmann, Bergmann, and Bograchov, but whereas these authors 
effected the cyclisation of y-4-diphenylylbutyric acid by conversion into the acid chloride, 
followed by treatment with aluminium chloride, the method now described involves the action 
of phosphoric oxide on the free acid in boiling benzene solution (cf. Perkin and Robinson, 
J., 1907, 91, 1081; Short, Stromberg, and Wiles, J., 1936, 319). 

B-p-Phenylbenzoylpropionic Acid (I).—An intimate mixture of diphenyl (75 g.) and succinic 
anhydride (50 g.) was added during } hour to a stirred mixture of aluminium chloride (135 g.) 
and nitrobenzene (500 c.c.) at 5—10°. Stirring was continued for 1 hour and after standing for 
6 days at room temperature the mixture was decomposed with ice. After removal of nitro- 
benzene with steam the residue was extracted with aqueous sodium carbonate, and the liquid 
filtered. The acid precipitated from the filtrate on acidification was redissolved in aqueous 
alkali, boiled with charcoal, and reprecipitated. It crystallised from alcohol in fine needles, m. p. 
185°; yield, 70% (Found: C, 75-8; H, 5-4. C,.H,,O; requires C, 75-6; H, 5-5%). 

y-4-Diphenylylbutyric Acid (I1).—$-p-Phenylbenzoylpropionic acid (25 g.) in a mixture of 
concentrated hydrochloric acid (100 c.c.) and water (50 c.c.) was boiled for 8 hours with 
amalgamated zinc, prepared in the usual manner from zinc foil (100 g.). Further quantities of 
hydrochloric acid (50 c.c. in all) were added from time to time. The solid cake of acid was 
collected, washed with water, dried, and repeatedly extracted with hot light petroleum (b. p. 
80—100°). The free acid separated in feathery crystals, m. p. 118—119° (Found: C, 79-9; 
H, 6-8. Calc. for C,,H,,0,: C, 80-0; H, 6-7%). 

1-Keto-7-phenyl-1 : 2 : 3 : 4-tetrahydronaphthalene (I1I).—Phosphoric oxide (25 g.) was added 
during 4 hour to a boiling solution of y-4-diphenylylbutyric acid (5 g.) in benzene (75 c.c.). 
Boiling was continued for 3 hours, the mixture then decomposed with ice-water, and the benzene 
removed with steam. The oily residue was extracted with ether and, after removal of solvent, 
distilled at 0-01 mm. The distillate, which solidified, was washed with aqueous sodium 
carbonate and crystallised from light petroleum (b. p. 60—80°), from which the ketone separ- 
ated in prisms, m. p. 69° (Found: C, 86-4; H, 6-3. Calc. for C,,H,,O: C, 86-5; H, 6-3%).— 
THE UNIVERSITY, MANCHESTER. [Received, June 19th, 1940.] 
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Obituary Notices. 


OBITUARY NOTICES. 


WILLIAM HEATH BAYLISS. 
1879—1939. 


WILLIAM HEATH Bay1tiss of Colchester, whose death took place on September 27th, 1939, 
was born at Brighton in February, 1879, and received his general education at Brighton 
College. He decided to follow in the footsteps of his father, William George Bayliss, and to” 
become a brewer. He received his training first at Steyning and then with Messrs. H. and 
G. Simonds at Reading. After proceeding to Grays, in Essex, to learn chemistry, he 
returned to Reading and subsequently became Head Brewer to Messrs. E. K. & H. Fordham, 
Ltd., at Ashwell, retiring from this position two or three years before his death owing to 
ill health. His chief recreations were music (the violin), lawn tennis and golf. The writer 
of this notice was privileged to know Bayliss for practically the whole of his life and mourns 
the loss of a close personal friend. 
Bayliss was elected a Fellow of the Chemical Society in December, 1906. 
H. A. CARTER. 





THOMAS HARTLEY. 
1870—1939. 


THomAS HARTLEY was born at Leeds in January, 1870, and died at Worthing on December 
16th, 1939. He was educated at the Leeds Modern School and the Leeds School of Science, 
from which he gained a Brown Scholarship to the Yorkshire College, where he studied from 
1887 to 1890. He subsequently taught science at St. George’s School, Roundhay, Leeds, 
Belle Vue School, Norwich, and King’s School and Sexey’s School, Bruton, Somerset. 
He became a Fellow of the Institute of Chemistry in 1900 and a B.Sc. of the University of 


London in 1904. In the latter year he was appointed lecturer in Chemistry at the Swindon 
and North Wilts Secondary School, in which appointment he continued until he became 
Vice-Principal in 1919. When the Commonweal Secondary School was opened in Swindon 
in 1927, he was appointed Headmaster. He retired from this post in 1931. He took an 
active part in the affairs of the Science Masters Association, of which he was honorary 
Treasurer for several years, and Chairman in the year after his retirement. He was still 
engaged on sub-Committee work connected with examination papers when he was seized 
by a paralytic stroke in February, 1936. 


He was for many years a Fellow of the Chemical Society, having been elected in March, 
1897. 





ARTHUR PINKERTON. 
1884—1939. 


ARTHUR PINKERTON, whose death took place on November 16th, 1939, was born at 
Levenshulme, Manchester, in June, 1884, and was the eldest son of Councillor Thomas 
Pinkerton. He received his general education at Bury Grammar School, and proceeded 
from there to the University of Manchester, obtaining first class honours in Chemical 
Technology. On leaving the University he received further training under Mr. George 
Pilkington, Public Analyst for Bury. In 1910 he was appointed Chemist and Assistant 
Manager to the Bradford Dyers Association (Ramsbottom Branch) and in 1912 became 
Manager of the Cotton Section of this Association at their Works in Rhode Island, U.S.A. 
Returning to England, he was appointed Chief Chemist to the Greenfield Mill Co., Ltd., 
at Hadfield in 1915. During the Great War, he was chief chemist of the British and Foreign 
Supply Association, Technical Administrator of H.M. Cotton Waste Mills and on the Head- 
quarters Staff of the Propellants Branch of the Ministry of Munitions engaged in the 
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purification of cotton waste and other cottons for the manufacture of explosives. He was 
responsible for organising the mills, controlling the process of manufacture, and supervising 
experimental work for the Ministry. 

Pinkerton’s health broke down two months before the war ended, and he was compelled 
to live a very quiet life. He did, however, carry on business as a manufacturing chemist 
up to the time of his death. 

Apart from his work, his chief recreation was golf. He was a Member of the American 
Chemical Society and was elected a Fellow of the Chemical Society in June, 1919. 

‘ A. PINKERTON. 





LUTHER ROBERT SCAMMELL. 
1858—1940. 


LUTHER ROBERT SCAMMELL, who died at Adelaide, South Australia, on April 8th, aged 
82 years, was throughout his life associated with the Australian Wholesale Chemical and 
Drug Company of F. H. Faulding and Co., Ltd., which was first established by Mr. Francis 
Hardy Faulding, a Yorkshire chemist who emigrated to South Australia. 

The original business was established in 1845. Since 1861, however, when the late Mr. 
Scammell’s father joined the original founder of the business, the destinies of the Company 
have been largely directed by the Scammell family. The late Mr. L. R. Scammell, together 
With his brother, Mr. W. J. Scammell (who died in 1928), was sent in his youth to London, 
where they studied under Dr. Muter. Mr. L. R. Scammell received his Fellowship of the 
Chemical Society in 1885, and finally took over the reins of the Adelaide business in 1889. 

He had little flair for public life, and devoted himself entirely to the development of the 
wholesale drug and chemical manufacturing trade in Australia. 

Probably no one had acquired such a wealth of interesting information relating to early 
pharmacy in South Australia, but for many years Scammell’s chief interest lay in the 
pioneering and development of Eucalyptus oils, particularly from South Australian species, 
and he worked out one of the first processes for preparing eucalyptol and for the determina- 
tion of cineole by the phosphoric acid test, which was later adopted by the British 
Pharmacopeeia. 

During his long life Scammell’s inexhaustible energy led him to the discovery of many 
other processes, the application of which built up a large and valuable industry in Australia. 
Until within a few months of his death he maintained his unflagging vitality and personal 
direction of the organisation to which he had contributed so much. 

Scammell is survived by his widow and two sons who have associated with him in his 
work, as well as a third generation now taking its place in the family tradition. 

G. B. KILcour. 





GEORGE BATY SCOTT. 
1874—1939. 


GEORGE Baty Scott, whose death took place on July 14th, 1939, following a period of 
gradual decline in his health, was born at Hexham in 1874. He was educated at Hexham 
Grammar School and then commenced a course of training in medicine. Owing to the 
death of his father this had to be abandoned and he proceeded to train as a pharmacist, 
qualifying as such in 1895. After a varied experience in the retail trade, he joined Messrs. 
Burroughs, Wellcome and Co., Ltd., later becoming Medical Propagandist to Messrs. 
Oppenheimer, Son, and Co. In 1917 he joined Boots Pure Drug Co., Ltd., with whom he 
remained until his end. He accomplished much pioneer work for this firm in marketing 
fine chemicals and medical specialities. He will be missed by his widow and three 
children and by the medical profession, among whom he numbered many friends. 
He was elected a Fellow of the Chemical Society in 1925. - 


A. B.-S. 
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ANGUS SMITH. 
1863—1940. 


Ancus SMITH was born in Ardrishaig, Argyllshire, on February 14th, 1863, and came to 
Greenock when about 9 years of age. He was educated in Greenock and spent his life in 
this town. 

Smith received training as a chemist in the laboratory of Messrs. McCowan and Biggart, 
Greenock, and was with this firm for about five years. In addition to his work in the 
laboratory of Messrs. McCowan and Biggart, he attended classes in chemistry conducted by 
Professor A. Humbolt Sexton in The College of Science and Arts, Glasgow—now merged in 
the Royal Technical College—and there obtained first class certificates in the Honours Stage 
of Examinations held by the Department of Science and Arts. In 1888 he was appointed 
chief chemist in the sugar refinery of Messrs. Alexander Scott and Sons, Greenock, and this 
appointment he held for some years. In 1897 Smith entered the employment of Messrs. 
John Walker and Co., Sugar Refiners, Greenock, as chief chemist in charge of their laboratory, 
and this post was held by him until 1939, when he retired because of failing health. 

In 1924 he published work on golden syrup analysis. In addition to supervising and 
carrying out the duties incidental to a sugar refinery laboratory, Smith found time to 
devote to other work and interests and for many years taught classes in chemistry in 
Greenock in connection with the Department of Science and Arts and proved to be an 
efficient and popular teacher. He was elected a Fellow of The Chemical Society in 1888. 
He became an Associate of the Institute of Chemistry in 1888 and a Fellow in 1892. 

Smith, throughout his life, had a widespread interest in science and, in a busy life, found 
time to attain to an extensive and accurate knowledge of botany, zoology, and geology. 
He was a member of the Greenock Philosophical Society and was for some time on the Board 
of Management of this Society. He was particularly interested in the work of the natural 
History Section and was Vice-President of this section for some years. He made it a point 
to join in discussing work and opinions put forward at meetings by members and thus, 
together with papers contributed by him, made valuable and interesting additions to the 
Proceedings of the Society. One of these papers entitled ‘‘ The Chemical Composition of 
Precious Stones ” was afterwards published in pamphlet form. 

Smith was an Office Bearer in the Orangefield Baptist Church, Greenock, and was known 
for his interest in all that had for an object the improving of social conditions and the 
promoting of religious ideals. 

Angus Smith married, but was predeceased by his wife. He died on March 5th, 1940, 
at his residence in Greenock. 


J. McGLasHAN. 





JOHN ISAAC WATTS. 
1859—1939. 


By the death of J. I. Watts on February 3rd, 1939, the Chemical Society lost one of its 
oldest Fellows. He was born in Manchester on July 5th, 1859, and was the son of John 
Watts, Ph.D., one of the founders and first secretary of the Manchester Reform Club and a 
founder of the Manchester Free Library. Educated at Old Trafford School, Owens College, 

Manchester, and the Swiss Polytechnikum at Ziirich, Watts joined the staff of Brunner, 
Mond and Co. as a chemist on July 9th, 1881. This was in the very early days of the 
Company, for though Dr. Mond and J. T. Brunner had started the manufacture of ammonia- 
soda by the Solvay process at Winnington, Cheshire, in 1873, it was only in January, 1881, 
that they converted the concern into a limited liability company. When Watts joined the 
Company it was in a very primitive state and his first view of Dr. Mond was seeing him 
descending the stairs from a loft above some stables which had been converted into the 
directors’ office. He thus witnessed the growth of the Company from small beginnings, 
working with what would now be considered crude methods and plants, into a concern of 








| 
} 
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world-wide reputation. Watts at first worked as a chemist under Dr. Mond, and was 
afterwards appointed manager of the Company’s works at Sandbach, and then of the main 
works at Winnington, during which period he was considered as the greatest authority on 
the ammonia-soda process. During his management of the Sandbach works he and 
Richards discovered and patented a process for the manufacture of sodium sesquicarbonate. 
In 1909 he was appointed to the Board of Directors and retained this position till the 
formation of Imperial Chemical Industries, when he became a Delegate Director of the 
Alkali Group of that Company until his retirement on March 31st, 1929. 

It is, however, less for his scientific and technical work that he will be remembered than 
for his social activities. Deserting the technical side some thirty years ago, he devoted his 
energies to labour and welfare work, both in the Company and outside. For over forty 
years he was the Honorary Secretary of the Mid-Cheshire branch of the National Society for 
Prevention of Cruelty to Children, and took his duties extremely seriously; and many in 
the town and district have cause to be thankful to him for all he did for them in their 
childhood and his deep personal interest in every case brought before him. Nor was his 
work confined to the district, for his labours on behalf of the canal boat children and their 
education will long be remembered. He was always deeply interested in education, was 
Chairman of Sir John Deane’s Grammar School, and manager of the Winnington Park and 
Hartford schools. Of his many other activities suffice it to say that he was a J.P., a Weaver 
Navigation Trustee, a member of the Northwich Salt Compensation Board, and President of 
the Northwich Council of Social Service. 

No memorial of him would be complete without mention of his and Mrs. Watts’ constant 
kindness and hospitality to all members of the staff, and never did they fail to help anyone 
in trouble or distress. 

Watts was twice married and is survived by a widow and two sons. 

He was elected a Fellow of the Chemical Society in 1878. 





THOMAS WILLIAMS. 
1846—1940. 


THOMAS WILLIAMS, who died at the age of 94 at Mossley Hill, Liverpool, on April 10th, 1940, 
had been a Fellow of the Chemical Society for 68 years. He studied at Owens College, 
Manchester, under Sir Henry Roscoe and became chemist to Messrs. Peter Spence and Co., 
Alum Manufacturers, Manchester, and later assistant to Mr. Edward Davies at the Royal 
Institution, Liverpool. Subsequently he was manager of a zinc smelting works in North 
Wales and practised as a consulting chemist in Liverpool. He retired from active business 
life about 20 years ago. For some years about 1880 he was Lecturer in Chemistry to the 
Liverpool School of Pharmacy and at that time was Honorary Secretary of the Liverpool 
Chemists’ Association. He was one of a number of chemists who; although little known 
outside their own district, contributed materially to the development in the latter half of 
the nineteenth century of the chemical industries of Merseyside and North Wales. bs 
A. M. 
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191. The Constitution of Arabic Acid. Part V. Methylated Arabic 
Acid. 


By F. SMITH. 


Methylation of arabic acid or gum arabic with methyl sulphate affords methylated 
arabic acid; treatment of the latter with Purdie’s reagents effects esterification and 
completes the methylation to give the methyl ester of methylated arabic acid. When 
this ester is boiled with methyl-alcoholic hydrogen chloride, simultaneous hydrolysis 
and glycoside formation take place with the formation of 2: 3: 4-trimethyl methyl-/- 
rhamnopyranoside, 2 : 5-dimethyl and 2: 3 : 5-trimethyl methyl-l-arabofuranoside, 
2:3:4:6-tetramethyl methyl-d-galactopyranoside, 2: 4-dimethyl methyl-d-galact- 
oside, the methyl ester of 2:3: 4-trimethyl methyl-d-glucuronoside, and the methyl 
ester of 2: 3-dimethyl methyl-d-glucuronoside. The identification of these hydrolysis 
products demonstrates the branched-chain structure of arabic acid and also shows that 
those labile sugar residues, namely, /-arabinose, /-rhamnose, and 3-galactopyranosido-l- 
arabinose, which are liberated during the autohydrolysis of arabic acid are joined 
to the nucleus of degraded arabic acid in the form of /-arabofuranose, /-rhamnopyranose, 
and 3-galactopyranosido-l-arabofuranose. In addition to the 1 : 3- and 1 : 6-linkages, 
shown by previous investigations and by the present work to exist in arabic acid, the 
1 : 4-linkage is now proved to be present by the isolation of the methyl ester of 2 : 3- 
dimethyl methylglucuronoside as one of the cleavage products of methylated arabic 
acid. The type of structure which may be present in arabic acid is discussed. 


In Part I (Smith, J., 1939, 744) the mixture of reducing sugars liberated by the auto- 
hydrolysis of arabic acid was shown to consist of /-arabinose, /-rhamnose, and a disaccharide, 
3-galactosido-l-arabinose. In view of the relative ease of removal of these sugar residues 
from the stable nucleus of degraded arabic acid, during autohydrolysis, it was tentatively 
suggested that the arabinose and rhamnose residues and the arabinose moiety of the 3- 
galactopyranosido-/-arabinose exist in arabic acid in the furanose form. In order to deter- 
mine the precise form which these labile sugar residues assume in the polysaccharide and 
the mode of attachment by which they are united to the nucleus of degraded arabic acid, 
the methyl derivative of arabic acid has been subjected to examination. 

Methylated arabic acid was prepared by treating either arabic acid or gum arabic with 
methyl sulphate and sodium hydroxide, followed by esterification and complete methyl- 
ation with Purdie’s reagents. When the methyl ester of methylated arabic acid, prepared 
in this way, was boiled with methyl-alcoholic hydrogen chloride, simultaneous hydrolysis 
and glycoside formation took place and there was produced a mixture of the following seven 
glycosides: 2:3: 4: 6-tetramethyl methyl-d-galactoside, 2 : 4-dimethyl methyl-d-galacto- 
side, 2:3:5-trimethyl methyl-/-arabinoside, 2:3:4-trimethyl methyl-/-rhamnoside, 
2: 5-dimethyl methyl-/-arabinoside, and the methyl esters of 2 : 3-dimethyl and 2:3: 4- 
trimethyl methyl-d-glucuronoside. This mixture was treated with barium hydroxide, 
whereby the ester components were converted into a mixture of barium salts (A), from 
which the glycosides (B) were separated by extraction with ether. 

The structure of the dimethyl. methylglucuronoside (I) obtained by treating the barium 
salt (A) with sulphuric acid was ascertained in the following way. On boiling the barium 
salt with acid methyl alcohol it gave the corresponding methyl ester (II), which was charac- 
terised as the phenylhydrazide. The presence of one free hydroxyl group in (II) was 
established by the fact that on treatment with p-nitrobenzoyl chloride it yielded a mono-p- 
nitrobenzoate. Inasmuch as it has been shown that the glucuronic acid residues of degraded 
arabic acid possess pyranose structures, it follows that the corresponding uronic acid 
residues of arabic acid which furnish the dimethyl methylglucuronoside (I) and the ester 
(II) must also have pyranose structures; the possibility of either of the two methyl groups 
occupying position 5 is therefore ruled out and consequently the two methyl groups in (I) 
and (II) must be situated at the positions 2:3, 2:4, or 3:4. This view was confirmed 
by the observation that methylation of (II) with Purdie’s reagents gave the methy] ester of 
2:3: 4-trimethyl methylglucuronoside (III), which was identified by its conversion into 
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the crystalline amide (IV) of 2 : 3: 4-trimethyl «-methylglucuronoside (Smith, Part II, J., 
1939, 1724). 
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When (II) was subjected to hydrolysis with dilute sulphuric acid, the methyl group 
at C, and the ester methyl group at C, were removed with the formation of the dimethyl 
glucuronic acid (V), which, on oxidation with bromine, furnished the dimethyl saccharic 
acid (VI); the latter was not isolated but it was transformed, by esterification and sub- 
sequent distillation, into the crystalline dimethyl saccharolactone methyl ester (VII). This 
lactone methyl ester was also obtained from (II) by oxidation with nitric acid, followed by 
esterification and subsequent distillation. The dimethyl saccharolactone methyl ester 
(VII) showed relatively slow hydrolysis in aqueous solution and hence it seemed probable 
that the lactone ring was of the y-type. This view was confirmed when it was shown that 
methylation of (VII) with silver oxide and methyl iodide afforded crystalline 2: 3 : 5- 
trimethyl »y-saccharolactone methyl ester (VIII). The constitution of the latter is apparent 
from its preparation by the oxidation of 2:3: 5-trimethyl methylglucofuranoside with 
nitric acid, followed by esterification and subsequent distillation (unpublished results). 
The presence of the 1 : 4-lactone ring in (VII) and (VIII) proves that the original dimethyl 
methylglucuronoside (II) must carry a free hydroxyl group at C, and that the two methyl 
groups in (I) and (II) must occupy the positions 2 and 3. The correctness of this con- 
clusion was borne out by the observation that oxidation of both the methyl ester of the 
dimethyl methylglucuronoside (II) and the corresponding dimethyl y-saccharolactone 
methyl ester (VII) with nitric acid gave /(+-)-threodimethoxysuccinic acid (d-dimethoxy- 
succinic acid) (IX), identified as the crystalline diamide. The formulations assigned to 
(I) and (II) were further confirmed by the fact that 2 : 3-dimethyl y-saccharolactone methyl 
ester prepared from 2 : 3-dimethyl glucose proved to be identical in every respect with the 
dimethyl saccharolactone methyl ester prepared from (II). It is of interest to note that 
2: 3-dimethyl glucuronic acid has been identified as one of the cleavage fragments of 
methylated degraded damson gum (Hirst and Jones, J., 1939, 1482). 

The methyl ester of the trimethyl methylglucuronoside was characterised as the 2 : 3: 4- 
trimethyl derivative by the fact that (a) on treatment with methyl-alcoholic ammonia it 
afforded the crystalline amide (IV) of 2:3: 4-trimethyl «-methylglucuronoside and (0) 
when subjected to hydrolysis with dilute sulphuric acid it furnished 2 : 3 : 4-trimethyl 
glucuronic acid, which undergoes smooth oxidation with bromine to the corresponding 
2:3:4-trimethyl saccharic acid, identified as the known crystalline 2: 3 : 4-trimethyl 
8-saccharolactone methyl ester (see Part II). 
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The mixture of methylated glycosides (B) was separated into a light-petroleum-soluble 
fraction (C) containing 2:3: 5-trimethyl methylarabinoside, 2: 3: 4-trimethyl methyl- 
rhamnoside, 2 : 3 : 4 : 6-tetramethyl methylgalactoside, and 2 : 5-dimethyl methylarabino- 
side, and a light-petroleum-insoluble fraction (R) consisting of 2 : 4-dimethyl methylgalacto- 
side. Complete resolution of fraction (C) into its constituents could not be effected by 
fractional distillation for the reason that two constant-boiling mixtures were formed, one 
(H) by the trimethyl methylarabinoside and the trimethyl methylrhamnoside and the 
other (K) by the dimethyl methylarabinoside and the tetramethyl methylgalactoside. 

An attempt was made to utilise the fact that furanosides are more easily hydrolysed 
than pyranosides and accordingly the constant-boiling mixture (H) consisting of the 
furanoside (X) and the pyranoside (XI) was subjected to hydrolysis with 0-1N-sulphuric 
acid; since, however, the trimethyl methylrhamnopyranoside was hydrolysed under these 
conditions as well as the trimethyl methylarabofuranoside, their separation could not be 
effected in this manner. The constant-boiling mixture (H) consisting of equimolecular 
proportions of (X) and (XI) was completely hydrolysed by heating with dilute sulphuric 
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acid and the presence of 2 : 3 : 4-trimethyl rhamnose (XII) in the resulting mixture of sugars 
was ascertained by preparing from it crystalline 2:3: 4-trimethyl rhamnose anilide. 
Confirmation of the structure of the rhamnose derivative was forthcoming from an examin- 
ation of the mixture of the two lactones (XIV) and (XV) obtained by bromine oxidation 
of the mixture of the reducing methylated sugars (XIII) and (XII) respectively; treatment 
of this lactone mixture with phenylhydrazine furnished the crystalline phenylhydrazide 
of 2: 3: 4-trimethyl rhamnonic acid. The arabinose component was identified by treating 
the mixture of lactones with methyl-alcoholic ammonia, whereby there was produced the 
characteristic crystalline amide (XVI) of 2:3: 5-trimethyl arabonic acid (Humphreys, 
Pryde, and Waters, J., 1931, 1298). 

The second constant-boiling mixture encountered (K) appeared to consist of equi- 
molecular proportions of the tetramethyl methylgalactoside (XVII) and the dimethyl 
methylarabinoside (XVIII) (see Part 1). In this case the difference in the stability of the 
two glycosides towards dilute mineral acid could be employed in order to effect a separation. 
Thus, when the mixture of (XVII) and (XVIII) was heated with 0-1Nn-sulphuric acid, 
(XVIII) was preferentially hydrolysed and fractional distillation of the product gave a 
lower-boiling first fraction of the unchanged tetramethyl methylgalactoside (XVII) and 
a second fraction which was a constant-boiling mixture of the dimethyl arabinose (XIX) 
and tetramethyl galactose (XX). The tetramethyl methylgalactoside (XVII) which 
comprised the whole of the fraction of lower-boiling point was characterised by the fact 
that it gave, on hydrolysis, crystalline 2 : 3 : 4: 6-tetramethyl galactose (XX) and this in 
turn furnished the known crystalline anilide of 2:3: 4: 6-tetramethyl galactose. The 
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presence of 2:3:4:6-tetramethyl galactose in the constant-boiling mixture of (XIX) 
and (XX) was shown by the fact that on treatment of this mixture with ethyl-alcoholic 
aniline there was obtained crystalline 2 : 3: 4: 6-tetramethyl galactose anilide. Confirm- 
ation of the presence of (XX) in the mixture and proof that the latter also contained 2 : 5- 
dimethyl arabinose were forthcoming from an examination of the corresponding mixture 
of the lactones (X XI) and (XXII) derived from it by the agency of bromine. When this 
lactone mixture was treated with an ethereal solution of phenylhydrazine at room temper- 
ature, there separated the crystalline phenylhydrazide of 2: 3 : 4: 6-tetramethyl galactonic 
acid and from the mother-liquors there was isolated the crystalline phenylhydrazide of 
2: 5-dimethyl arabonic acid. Furthermore, when the mixture of (XXI) and (XXII) was 
allowed to react with methyl-alcoholic ammonia, it afforded the crystalline amide (X XIII) 
of 2: 5-dimethyl arabonic acid, identical with a specirnen previously prepared from the 
arabinose moiety of heptamethyl 3-galactosido-/-arabofuranose (Part I). 


























CH,"OMe CH,"OMe CH,"OMe 
MeO MeO H MeO | 
|_o0 Lill ll 
Sk wu Sn A O 
NO H \NOMe De pe q i H 
HY | H | HY 
H OMe H OMe H OMe 
(XVIL.) (XX.) (XXII) 
0. 
H oN a H/.\ * 
(XVIII.) K on # /\OMe '* = XOH (XIX.) 
] l | 
MeOH,C | MeO-H,C || 
Me H OMe 
H 
nu /” un ” 
(XXI.) K om x CO on 1/CO-NHg (XXIII.) 
MeO-H,C {| MeO-H,C |_| 
H OMe H OMe 


The dimethyl methylgalactoside which constituted the fraction (R) insoluble in light 
petroleum (see above) crystallised as a mixture of the «- and the $-form, which were 
separated and shown to be identical with the corresponding forms of 2; 4-dimethyl methy]- 
galactoside previously obtained from methylated degraded arabic acid (Part II). Further- 
more, when specimens of the two forms of the dimethyl methylgalactoside (XXIV) were 
subjected to hydrolysis, they gave the same 2: 4-dimethyl galactose (XXV) (isolated as 
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the crystalline monohydrate), from which there was prepared by means of bromine 
oxidation the corresponding crystalline 2 : 4-dimethyl 3-galactonolactone (KXVI). The 
latter was identified by melting point and comparison with an authentic specimen (see 
Part II). Moreover, on treatment with ammonia in methyl alcohol, (X XVI) furnished the 
known amide (XXVII) of 2 : 4-dimethyl galactonic acid and with phenylhydrazine it was 
smoothly transformed into the corresponding crystalline phenylhydrazide of 2 : 4-dimethyl 
galactonic acid. 

A review of the investigations described in this communication and those recorded in 
Parts I—IV emphasises the complex nature of arabic acid as compared with the more 
commonly occurring polysaccharides of plant origin. Starch, for example, is built up only 
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of glucose units and the simplest interpretation of the structure of its repeating unit is that 
it is a terminated chain of glucopyranose residues joined by one type of link, the 1 : 4-link 
(see Hirst and Young, J., 1939, 1471). In arabic acid, however, not only do different 
monosaccharide residues constitute the fundamental or repeating unit, but these residues 
are mutually joined by no less than three different types of linkage, namely the 1 : 6-, the 
1: 3-, and the 1 : 4-linkages. 

_ The existence of the 1 : 6-type of linkage in arabic acid has been established (a) by the 
isolation of 6-8-glucuronosidogalactose from arabic acid (Challinor, Haworth, and Hirst, 
J., 1931, 258), (6) by the formation of hexamethyl 6-f-glucuronosidogalactose by graded 
hydrolysis of methylated arabic acid (Jackson and Smith, Part III, this vol., p. 74), and 
(c) by the isolation of 2:3:4-trimethyl galactose as one of the cleavage products of 
methylated degraded arabic acid (Part II). 

Proof of the presence of the 1 : 3-link is based upon the following experimental observ- 
ations: (a) autohydrolysis of arabic acid produces degraded arabic acid and a mixture of 
three reducing sugars, one of which has been shown to be 3-galactosido-l-arabinose (Part I), 
(b) prolonged autohydrolysis of the degraded arabic acid affords the disaccharide, 3-galacto- 
sidogalactose (Jackson and Smith, Part IV, this vol., p. 79), and (c) by the identification of 
2 : 5-dimethyl /-arabinose as one of the hydrolysis products of methylated arabic acid (this 
paper). In addition, the presence of 1: 6- and also of 1: 3-types of linkage has been 
established by the identification of 2 : 4-dimethyl galactose as one of the hydrolytic products 
of both methylated degraded arabic acid (Part II) and methylated arabic acid (this paper). 

Since the glucuronic acid residues of degraded arabic acid have been shown to have 
pyranose structures, so the corresponding glucuronic acid units of the original arabic acid 
must also possess pyranose structures; it follows, therefore, that the isolation of 2: 3- 
dimethyl glucuronic acid described above can only be interpreted by the presence in arabic 
acid of the third type of linkage, namely, the 1 : 4-link. 

In order to explain the constitutional significance of the identification of the 2:3: 5- 
trimethyl and 2: 5-dimethyl methyl-/-arabinosides, the 2:3: 4-trimethyl methy]l-- 
rhamnoside, 2 : 3 : 4 : 6-tetramethyl and 2 : 4-dimethyl methylgalactoside, and the methyl 
esters of 2:3: 4-trimethyl and 2 : 3-dimethyl methylglucuronoside, it is helpful to refer 
to the tentative formulation (XXVIII) for the structure of the repeating unit of degraded 
arabic acid. This structure was advanced in order to explain the experimental results 
previously obtained (Part IV). Such an expression shows the existence of the 1 : 3- and 
the 1 : 6-type of linkage; it explains the observation (Part II) that methylated degraded 
arabic acid gives on hydrolysis 2 : 3 : 4: 6-tetramethyl galactose (1 part), 2 : 3 : 4-trimethyl 
glucuronic acid (3 parts), 2: ey: galactose (3 parts), and 2 : 3 : 4-trimethyl galactose 
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(5 parts); and the reason for the formation of 3-galactosidogalactose from degraded arabic 
acid (Part IV) and of hexamethyl 6-8-glucuronosidogalactose (Part III) from methylated 
degraded arabic acid is also forthcoming. The galactopyranose unit Gis known to be united 
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to other residues by a 1: 6- and a 1: 3-linkage because it gives rise to 2 : 4-dimethyl 
galactose; it is represented in this manner, however, because it is not yet clear whether it 
is joined to the other galactopyranose units in the main chain by a 1 : 3-linkage and to the 
side chain residues of aldobionic acid by a 1 : 6-linkage, or whether the reverse is the case ; 
furthermore it should be pointed out that it is not yet certain that all the side chains are 
attached by the same type of link to the main galactose chain. 

Another feature worthy of note, revealed by the work on degraded arabic acid and 
confirmed by the present communication, is the branched-chain structure of arabic acid to 
which attention has previously been drawn (Smith, Chem. and Ind., 1939, 58, 203). The 
expression (XXVIII) shows four terminal groups, one of galactose and three of glucuronic 
acid. Now methylated degraded arabic acid furnishes five molecular proportions of 2 : 3 : 4- 
trimethyl galactose, but so far neither the latter nor any other trimethyl derivative of galac- 
tose has been detected among the cleavage products of methylated arabic acid. The 
provisional conclusion is therefore reached that to each of the five galactose residues 
designated a in (XXVIII), which give rise to the 2: 3 : 4-trimethyl galactose, there must 
be attached in arabic acid itself other residues R as shown in (X XIX), and since each of the 
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residues R furnishes an end group, the number of terminal groups in the repeating unit of 
arabic acid is nine. As a result of the attachment of the terminal residues R to position 
3 of each of the galactose units a, then, the units a as well as the galactose units represented 
by G in formula (XXIX) will furnish 2 : 4-dimethyl galactose. 

It has been shown that in degraded arabic acid all the uronic acid units constitute end 
groups, but this is not the case with the original arabic acid. In the latter the uronic acid 
groups must occupy intermediate positions in the side chains, because almost the whole of 
the glucuronic acid is present as the 2: 3-dimethyl derivative. This fact is expressed in 
(XXIX) by the extension of the acid side chains through the union of a residue R with 
position 4 of the glucuronic acid residue. With these requirements satisfied, there results 
the tentative formulation (XXIX) for the type of structure which may constitute the 
repeating unit of arabic acid. 

The identification of a small amount of the acid component of methylated arabic acid 
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as 2:3: 4-trimethyl glucuronic acid may indicate that some degradation has taken place 
during the preparation of methylated arabic acid with consequent scission of a residue R 
from the uronic acid residue, or it may mean that some glucuronic acid residues con- 
stitute terminal groups in the polysaccharide complex; this observation requires further 
investigation. 

The separation and identification of the constituents of the mixture of glycosides derived 
from methylated arabic acid is not an easy problem and it is realised that there may be 
other substances present in the mixture which have escaped detection. A further examin- 
ation of the cleavage products from a larger amount of methylated arabic acid is therefore 
being carried out. 

‘The residues R are obviously composed of those sugar residues (/-arabinose, /-rhamnose, 
and 3-galactosidoarabinose) which are eliminated from the stable nucleus of arabic acid 
during autohydrolysis. It is not claimed that the residues R represent single mono- 
saccharide units; indeed the isolation of the disaccharide 3-galactosidoarabinose proves 
that, in part at least, R represents a side chain of two monosaccharide units. Nevertheless 
an estimate may be made of the nature of the terminating units of the side chains R. Thus 
the isolation of the whole of the rhamnose and part of the arabinose as 2 : 3 : 4-trimethyl 
rhamnopyranose and 2 : 3 : 5-trimethyl arabofuranose respectively from methylated arabic 
acid shows that some of the side chains, R, are terminated by rhamnopyranose units and 
some by arabofuranose residues. Moreover, galactopyranose must be present in the re- 
peating unit of the polysaccharide as end groups terminating side chains, because 2 : 3 : 4: 6- 
tetramethyl galactopyranose was recognised as a cleavage product of methylated arabic 
acid. Those side chains which afford the disaccharide, 3-d-galactosido-l-arabinose 
(obtained during the autohydrolysis of arabic acid), are terminated in all probability by the 
galactose moiety and would therefore give rise to the 2:3: 4: 6-tetramethyl galactose 
either wholly or in part. In this connection it should be borne in mind that a galacto- 
pyranose residue (b in XXIX) constitutes an end in the repeating unit of degraded arabic 
acid and this end group is not linked to an arabinose unit; it is also conceivable that in 
arabic acid a side chain residue R may be attached to this galactose residue b. 

A portion of the arabinose constituent of arabic acid is isolated from methylated arabic 
acid as 2: 5-dimethyl arabofuranose and this must therefore represent arabinose units 
which are interposed between the terminal groups of the side chains and the nucleus of 
degraded arabic acid. The isolation of the 3-galactosido-l-arabinose fragment from arabic 
acid lends support to this view, and the identification of the 2 : 5-dimethyl arabinose strongly 
suggests that in the polysaccharide the disaccharide is present in the form of 3-galactosido- 
l-arabofuranose. It may well be that arabofuranose units are also interposed between the 
nucleus (degraded arabic acid) and the terminal groups, rhamnopyranose and arabofura- 
nose, and the resulting side chains would conform in type to that represented by 3-galacto- 
sidoarabinose. At the present time, however, there is no evidence available to support 
such an assumption and the simplest expression of the known facts is that the residues 
represented by R in (X XIX) consist of /-arabofuranose (XXX), /-rhamnopyranose (XXXI), 
and 3-galactosidoarabofuranose (XXXII). 


EXPERIMENTAL. 


Methylated Arabic Acid.—A solution of gum arabic or arabic acid (20 g.) in sodium hydroxide 
(100 c.c. of a 30% solution) was treated with methyl sulphate (250 c.c.) and sodium hydroxide 
(600 c.c. of a 30% solution) at room temperature, the reagents being added gradually during 
4 hours with vigorous stirring. The process of methylation, which was accompanied by much 
frothing, was completed by continuing the stirring for a further period of 9 hours. The mixture 
was then cooled in ice and almost neutralised with 15n-sulphuric acid; the alkaline solution 
was filtered through linen to remove the sodium sulphate which had crystallised and evaporated 
to a suitable volume (100—150 c.c.). The process of methylation was then repeated, the same 
quantities of reagents and the same conditions being used. After the second methylation and 
sometimes after the first, concentration of the alkaline solution after removal of sodium sulphate 
resulted in the separation of the sodium salt of the partially methylated gum in pale yellow, 
plastic nodules; the latter could then be separted mechanically and remethylated. This 
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crude sodium salt of methylated arabic acid was readily soluble in water and in hot methyl 
alcohol; it was insoluble in ethyl alcohol, acetone, ether, and chloroform but readily dissolved 
in aqueous acetone. For the third methylation, therefore, the crude sodium salt was dissolved 
in aqueous acetone (60 c.c. of water and 40 c.c. of acetone) and treated with methyl sulphate 
(250 c.c.) and sodium hydroxide (750 c.c. of a 30% solution) at 35°; the reagents were added in 
tenth quantities at intervals of 15 minutes, and in order to keep the sodium salt of the partially 
methylated arabic acid in solution, acetone was added from time to time. To prevent the 
elimination of any labile sugar residues, care was taken that during the methylation the 
solution was always alkaline. The methylation was completed by heating the solution for 
15 minutes at 65°, whereby the excess of the acetone was expelled and the sodium salt of 
methylated arabic acid separated on the surface of the methylation mixture as insoluble, pale 
yellow nodules. The latter were filtered off while the solution was still hot, since the sodium 
salt of methylated arabic acid was found to be less soluble in hot than in cold water. After 
three more methylations at 35° (six methylations in all) a portion of the crude sodium salt of 
methylated arabic acid in water was treated with a slight excess of 5n-sulphuric acid; in this 
way the methylated arabic acid was precipitated as a white powder, which was extracted with 
chloroform; the chloroform extract was washed twice with a saturated solution of sodium 
sulphate, dried over anhydrous sodium sulphate, filtered, and then concentrated under reduced 
pressure. When the concentrated chloroform solution was poured into excess of light petroleum 
with stirring, the methylated arabic acid was obtained as a white amorphous powder, which, 
when dried by heating at 60° in a vacuum, was examined in respect of its methoxyl content. 
Methylation of the remainder of the crude sodium salt was then repeated, and a portion purified 
after each methylation, as described above, in order to determine when complete methylation 
had been reached. The results show that even after six methylations the product was com- 
pletely methylated [Found : OMe, 38-9 (after 5 methylations); 38-2 (after 7); 38-7 (after 8); 
39-5 (after 10); 39-2 (after 13); 39-1 (after 15); 39-2% (after 20)]. Usually the gum was 
methylated ten times and after one precipitation from chloroform solution with light petroleum 
the yield of methylated arabic acid was ca. 12 g. Methylated arabic acid was soluble in water, 
methyl and ethyl alcohols, acetone, and chloroform but insoluble in ether and light petroleum ; 
its aqueous solution reacted acid to litmus and Congo-paper but did not reduce Fehling’s solution 
even on prolonged boiling. It was precipitated as a syrup from aqueous solution by boiling, 
especially if a little acetic acid or mineral acid or inorganic salt such as sodium sulphate was 
added. The methylated arabic acid prior to purification had [«]}® — 50° in chloroform (c, 
1-1), equiv. wt. 1300 (by direct tiration with sodium hydroxide). Fractional precipitation 
of the methylated arabic acid (50 g.) from a chloroform solution was effected by means of light 
petroleum. A solution of each fraction precipitated by this method as a syrup, in acetone, 
was poured with stirring into light petroleum; the white amorphous powder was filtered off, 
washed with light petroleum, and dried in a vacuum at 60°. The methylated arabic acid 
appeared to be essentially homogeneous and had [a]}” — 47° in chloroform (c, 1-0); 130° 0-25 
in m-cresol (c, 1-15); equiv. wt. ca. 1350; M, 90,000 (from osmotic pressure measurements 
carried out by Dr. S. R. Carter and Dr. Chambers in this Department) (Found: C, 51-4; 
H, 7:9; OMe, 39-0%). 

The methyl ester of methylated arabic acid was prepared by treating a methyl-alcoholic 
solution of methylated arabic acid with a slight excess of ethereal diazomethane; after keeping 
for 5 minutes at room temperature, the excess of the solvent was removed under diminished 
pressure, and the residue subjected to two treatments with Purdie’s reagents. The methyl 
ester of methylated arabic acid prepared in this way reacted neutral to litmus; it was less soluble 
in water and it seemed to be more soluble in organic solvents than the original methylated acid ; 
it showed [a]} — 48° in chloroform (c, 1-5) (Found: C, 52-4; H, 7-8; OMe, 41-9%). 

Hydrolysis of Methylated Arabic Acid.—Hydrolysis with dilute mineral acid was found to be 
impracticable because the methylated arabic acid was precipitated from solution on heating 
and even when. glacial acetic acid was added as a solvent, the hydrolysis which took place was 
accompanied by decomposition, carbon dioxide being slowly evolved, and among the products 
of hydrolysis reductinic acid was detected (cf. Reichstein and Oppenauer, Helv. Chim. Acta, 
1934, 17, 996, 1003). The evolution of carbon dioxide and the formation of reductinic acid 
may have been due to the decomposition of the glucuronic acid residues and this was supported 
by the observation that the partly degraded methylated arabic acid recovered after hydrolysis 
with dilute mineral and acetic acid had a much higher equivalent weight than the original 
methylated arabic acid. After two crystallisations from ethyl alcohol the reductinic acid had 
m. p. 209°, equiv. 113. This unsaturated substance reacted acid to litmus and Congo-paper, 
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reduced Fehling’s solution actively, and immediately decolourised aqueous solutions of iodine, 
bromine, and. potassium permanganate. The substance was optically inactive (Found: 
C, 52-5; H, 5-2. Calc. for C;sH,O,: C, 52-6; H, 5-2%). 

Hydrolysis of the Methyl Ester of Methylated Arabic Acid.—When a solution of the methyl 
ester of methylated arabic acid (31-1 g.) in 4% methyl-alcoholic hydrogen chloride (800 c.c.) 
was boiled under reflux, simultaneous hydrolysis and glycoside formation took place; the 
following rotational changes were observed: [a]p — 33° (initial value); + 11° (3 hours); 
+ 15° (4 hours); + 17° (5 hours); + 18° (6 hours); + 19° (7 hours); + 19-5° (8 hours) ; 
+ 20° (94 hours). The solution ([«],) + 20°) was neutralised with silver carbonate, filtered, and 
evaporated to dryness under slightly reduced pressure, giving a fairly mobile, neutral, pale 
yellow liquid which did not reduce Fehling’s solution. 

The product thus obtained was treated with barium hydroxide (250 c.c., 0-3n) for 14 hours 
at 60°; the solution was then neutralised by a stream of carbon dioxide, filtered, and evaporated 
to dryness and in this way there was obtained a pale yellow syrup consisting of the barium 
salts of methylated glucuronic acids and a mixture of methylated glycosides. This syrup was 
exhaustively extracted with dry ether and there remained the ether-insoluble, pale yellow 
barium salt (A) (yield, 7:7 g.). Concentration of the ethereal extract gave a mixture of 
methylated glycosides (B) (26 g.), which was then exhaustively extracted with boiling light 
petroleum to give a fraction (C) (11-5 g.); there remained a petroleum-ether-insoluble residue 
(R) (14-2 g.). 

Examination of the Barium Salt (A) and the Identification of 2 : 3-Dimethyl Methylglucuronoside 
(I).—The barium salt (7-7 g.) was dissolved in water and treated with a slight excess of dilute 
sulphuric acid; the solution was then neutralised with lead carbonate and filtered. The 
filtrate was treated with hydrogen sulphide, filtered, and evaporated to dryness under reduced 
pressure, giving 2: 3-dimethyl methylglucuronoside. In order to determine whether lactone 
formation would take place, a small portion of this free acid ([a]}* + 68° in water, c 1-0) was 
distilled, giving a viscous liquid, b. p. (bath temp.) 186°/0-03 mm., [a]}*° + 65° (constant value) 
in water (c, 1-0). The distillate did not behave as a lactone; it reacted acid to litmus and 
Congo-paper and it could be titrated directly with sodium hydroxide like the original acid 
(Found: OMe, 39-7. C,H,,O, requires OMe, 39-4%). 

Esterification of the 2 : 3-dimethyl methylglucuronoside was effected by boiling it with 2-5% 
methyl-alcoholic hydrogen chloride (200 c.c.) for 8 hours. The solution was cooled, neutralised 
with silver carbonate, filtered, and evaporated to dryness, giving mainly the methyl ester of 
2 : 3-dimethyl methyigiucuronoside (5-7 g.), a small portion of which distilled, b. p. (bath 
temp.) 145—150°/0-02 mm., ni 1-4600; [a]}®* + 70° in water (c, 0-9) (Found: OMe, 49-8; 
equiv., 258. Calc. for CagH yr : OMe, 49-6%; equiv. 250. Calc. for C,,H,,O,: OMe, 
58-7%; equiv., 264). 

Fractional distillation of the main bulk of the methyl ester gave: Fraction I (0-9 g.), b. p. 
(bath temp.) 120°/0-04 mm., nu?” 1-4500, [a]? + 53° in water (Found: equiv., 264; OMe, 
53-8%). The presence of the methyl ester of 2: 3: 4-trimethyl methylglucuronoside in this 
fraction was proved by the fact that (a) on treatment with methyl-alcoholic ammonia it gave 
a small amount of the amide of 2:3: 4-trimethyl a-methylglucuronoside, m. p. and mixed 
m. p. 183°, [a]? + 137-5° in water (c, 0-9) (after recrystallisation from ethyl alcohol-ether-light 
petroleum), and (b) when subjected successively to hydrolysis, oxidation with bromine, esteri- 
fication, and subsequent distillation as previously described (Smith, J., 1939, 1724) it yielded 
2:3: 4-trimethyl 3-saccharolactone methyl ester, m. p. and mixed m. p. 107° (after crystallis- 
ation from ether). Fraction II (4-3 g.), the methyl ester of 2 : 3-dimethyl methylglucuronoside, 
b. p. (bath temp.) 145°/0-04 mm., nj* 1-4620, [aji®* + 76° in water (c, 0-7) (Found: OMe, 
49-5; equiv., 254. C,,H,,0, requires OMe, 49-6%; equiv., 250). 

Methylation of the Methyl Ester of 2: 3-Dimethyl Methylglucuronoside.—The methyl ester of 
2 : 3-dimethyl methylglucuronoside (0-3 g.) was completely methylated by one treatment with 
Purdie’s reagents. The product, isolated by means of acetone, was boiled with 3% methyl- 
alcoholic hydrogen chloride (200 c.c.) for 8 hours; the solution was cooled, neutralised with 
silver carbonate, filtered, and evaporated to dryness, giving a syrup which distilled, b. p. (bath 
temp.) 125°/0-03 mm., n3?!* 1-4463, [a]}® + 85° in water (c, 1-7) (Found: OMe, 59-0; equiv., 
262. Calc. for CysH 0; : OMe, 58-7% ; equiv., 264). When this ester was treated with methy]l- 
alcoholic ammonia, there was obtained the amide of 2: 3: 4-trimethyl a-methylglucuronoside, 
m. p. and mixed m. p. 183°, [«]}®* + 139° in water (c, 4-0) (after crystallisation from ethyl alcohol- 
ether). 

Derivatives of the Methyl Ester of 2: 3-Dimethyl Methylglucuronoside.—(a) With phenyl- 
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hydrazine. The methyl ester (0-1 g.) was heated for 5 hours at 110° with phenylhydrazine 
(1 mol.); on cooling, crystals of the phenylhydrazide of 2 : 3-dimethyl methylglucuronoside were 
obtained, m. p. 225—227° (after recrystallisation from acetone-ether-—light petroleum) (Found : 
OMe, 27-7; N, 8-7. C,sH,,O,N, requires OMe, 28-6; N, 86%). (b) With p-nitrobenzoyl 
chloride. A solution of the methyl ester (0-1 g.) in pyridine (0-3 c.c.) was treated with p-nitro- 
benzoyl chloride (1 mol.) for 4 days at room temperature. The crystalline mixture was then 
triturated with a saturated solution of sodium bicarbonate and the white precipitate was filtered 
off and washed with water. After crystallisation from ethyl alcohol the mono-p-nitrobenzoate 
of the methyl ester of 2 : 3-dimethyl methylglucuronoside had m. p. 157° (Found: OMe, 30-1. 
Cy7H,,;0;9N requires OMe, 31-1%). 

Oxidation of the Methyl Ester of 2: 3-Dimethyl Methylglucuronoside with Nitric Acid.—A 
solution of the methyl ester of 2 : 3-dimethyl methylglucuronoside (2-8 g.) in nitric acid (20 
c.c., d 1-42) was heated for 14 hours at 50° and for 5 hours at 90—95°; the solution was then 
diluted with water and freed from nitric acid by distillation under diminished pressure, water 
and finally methyl alcohol being added to facilitate this process. When all traces of solvent 
had been eliminated, the dry syrupy acid residue was boiled for 8 hours with 1% methyl-alcoholic 
hydrogen chloride (100 c.c.). After neutralisation of the mineral acid with silver carbonate, the 
solution was filtered and evaporated to a syrup under reduced pressure, which distilled, giving : 
Fraction (i) (1-1 g.), b. p. (bath temp.) 100°/0-02 mm., »}* 1-4400, [«]}® + 55° in methyl alcohol 
(c, 0-4) (Found: OMe, 58-0; equiv., 98. Calc. for C,H,,0,: OMe, 60-2%; equiv., 103). This 
neutral distillate was mainly methyl /(+-)-threodimethoxysuccinate (methyl d-dimethoxysuccin- 
ate), for when treated with methyl-alcoholic ammonia it gave /(-+-)-threodimethoxysuccinamide 
(d-dimethoxysuccinamide) in good yield, m. p. 288° (decomp.), [a]i® + 88° in water (c, 1-0) 
(after crystallisation from methyl alcohol) (Found: OMe, 35-2. Calc. for C,H,,0,N,: OMe, 
35-2%). Fraction (ii) (0-4 g.), b. p. (bath temp.) 170°/0-02 mm., mje" 1-4635, [a]}” + 47° in 
methyl alcohol (c, 0-5) (Found: OMe, 43-2%). This fraction crystallised partially on keeping 
and after removal of adhering syrup by trituration with ether the substance was purified by 
crystallisation from ethyl alcohol—ether; m. p. 101°. This product, which proved to the methyl 
ester of 2: 3-dimethyl saccharo-y-lactone, behaved like a lactone on titration with dilute sodium 
hydroxide solution (Found: OMe, 39-0. C,H,,O, requires OMe, 39-8%). 

2 : 3-Dimethyl Saccharolactone Methyl Estey (V11).—The methy] ester of 2 : 3-dimethyl methyl- 
glucuronoside (2-4 g.) was saponified by heating with barium hydroxide and the barium salt so 
produced was converted into the free acid, 2 : 3-dimethyl methylglucuronoside, by the addition 
of n-sulphuric acid (9-6 c.c.). The barium sulphate was filtered off and to the filtrate there was 
added sufficient sulphuric acid to make a normal solution. The solution was heated on the boil- 
ing water-bath for 30 hours to effect hydrolysis of the glycoside methyl group; it was then 
neutralised with barium carbonate, filtered, and concentrated to a volume of 15 c.c. To this 
solution of the barium salt of 2 : 3-dimethyl glucuronic acid, bromine (2 c.c.) was added and 
the oxidation of the reducing group was allowed to proceed at room temperature. After 4 days 
the excess of the bromine was removed by aeration; the solution was neutralised with silver 
oxide, filtered before and after treatment with hydrogen sulphide, and then evaporated to 
dryness under reduced pressure. The dry residue, consisting of. the acid barium salt of 2: 3- 
dimethyl saccharic acid, was boiled for 8 hours with 4% methyl-alcoholic hydrogen chloride 
(100 c.c.). The solution was cooled, neutralised with silver carbonate, filtered, and evaporated 
to a syrup, which distilled, giving a colourless liquid (1-0 g.), b. p. (bath temp.) 190°/0-03 mm. 
The distillate crystallised spontaneously and after crystallisation from ethyl alcohol—ether- 
light petroleum the methyl ester of 2: 3-dimethyl y-saccharolactone had m. p. 101°, [a]}* 
+ 12-0° in water (c, 1-0) (Found: C, 46-3; H, 6-1; OMe, 40-4; equiv., 120. C,H,,O, requires 
C, 46-15; H, 60; OMe, 39:8%; equiv., 117). 

A small amount of the 2: 3-dimethyl saccharo-y-lactone methyl ester (10—20 mg.) was 
heated with 0-3n-barium hydroxide (3 c.c.) for 45 minutes at 55°; the solution was neutralised 
with carbon dioxide and evaporated to dryness under reduced pressure. All these operations 
were performed in a Zeisel apparatus and a methoxyl estimation was carried out on the dry 
residue consisting of the barium salt of 2: 3-dimethyl saccharic acid and barium carbonate 
(Found: OMe, 25-3.: Calc. for the loss of one ester methyl group: OMe, 26-5%). 

When treated with methyl-alcoholic ammonia, the lactone ester furnished the corresponding 
2 : 3-dimethyl saccharamide in good yield, m. p. 156°, [«]}** + 28° in water (c, 1-3) (after recrystal- 
lisation from ethyl alcohol) (Found: C, 40-9; H, 6-8; OMe, 25-0; N, 11-9. C,H,,O,N, 
requires C, 40-7; H, 6-8; OMe, 26-25; N, 11-9%). 

Oxidation of 2:3-Dimethyl Saccharo-y-lactone Methyl Estey (VII) with Nitric Acid—A 
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solution of 2 : 3-dimethyl saccharo~-y-lactone methyl ester (0-35 g.) in nitric acid (4 c.c., d 1-42) 
was heated on the boiling water-bath for 10 hours; the solution was diluted with water and 
evaporated under reduced pressure to remove nitric acid (see above). The dry acidic residue 
was esterified by boiling for 8 hours with 1% methyl-alcoholic hydrogen chloride (30 c.c.); the 
solution was cooled, neutralised with silver carbonate, filtered, and concentrated to a syrup, 
which on distillation gave a colourless liquid (0-1 g.), b. p. (bath temp.) 100°/0-03 mm., n}*" 1-4420. 
When this methyl ester was treated with methyl-alcoholic ammonia, there was produced 
I(+-)-threodimethoxysuccinamide (d-dimethoxysuccinamide), m. p. and mixed m. p. 293° 
(decomp.), [a]}® + 90° in water (c, 1-3) (after crystallisation from water). 

Synthesis of the Methyl Ester of 2: 3-Dimethyl Saccharo-y-lactone Methyl Ester from 2 : 3- 
Dimethyl Glucose.—a-Methylglucoside was converted into 4 : 6-benzylidene a-methylglucoside 
according to the procedure of Irvine and Scott (J., 1913, 103, 575) and this substance was 
methylated with methyl iodide and silver oxide in the presence of dry acetone; the partly 
methylated product was isolated by means of acetone and the methylation was completed by 
two more treatments with the Purdie’s reagents. A solution of the 2 : 3-dimethyl 4 : 6-benzyl- 
idene a-methylglucoside (m. p. 122° after recrystallisation from ethyl alcohol-light petroleum) 
(8 g.) in N-sulphuric acid (150 c.c.) was heated for 7 hours on the boiling water-bath ; the solution 
was neutralised with barium carbonate, filtered, and evaporated to dryness under reduced 
pressure. The syrupy residue consisting of 2: 3-dimethyl glucose was converted into the 
methylglucoside by boiling with 1% methyl-alcoholic hydrogen chloride. The 2: 3-dimethyl 
methylglucoside distilled as a colourless liquid (4-5 g.), b. p. (bath temp.) 165—170°/0-03 mm., 
ny 1-4720 (Found: OMe, 41-0. Calc. for C,H,,0,: OMe, 41-9%). 

A solution of 2 : 3-dimethyl methylglucoside (2-1 g.) in nitric acid (20 c.c., d 1-42) was heated 
for 1 hour at 60° and for 2 hours at 90°, and the solution was then diluted with water and freed 
from nitric acid as in previous cases. The dry residue was esterified by boiling for 8 hours with 
1% methyl-alcoholic hydrogen chloride (50 c.c.). The methyl esters were isolated in the usual 
way and distilled, giving: Fraction (I), methyl /(+-)-threodimethoxysuccinate (1-2 g.), b. p. 
(bath temp.) 100°/0-01 mm., n3” 1-4390. Fraction (II) (0-2 g.), b. p. (bath temp.) 150—160°/0-01 
mm. This second fraction crystallised spontaneously and after recrystallisation from ethyl 
alcohol—ether-light petroleum the methyl ester of 2 : 3-dimethyl saccharo~y-lactone had m. p. 
101° alone or in admixture with the specimen previously prepared from the methyl ester of 
2: 3-dimethyl methylglucuronoside; [a]? + 14° (initial value in water, c, 3-1); -+ 20-6° 
(4 days); + 23-6 (6 days); + 26° (8days); + 27-7° (10 days) (Found: C, 46-2; H,6-2; OMe, 
40-0. Calc. for C,H,,0,: C, 46-15; H, 60; OMe, 39-8%). 

An unsuccessful attempt was made to prepare 2 : 3-dimethyl saccharo-1 : 4-lactone methyl 
ester from 2 : 3 : 6-trimethyl 3-gluconolactone (Haworth, Peat, and Whetstone, J., 1938, 1975) 
{m. p. 85°; [a]? + 90°, changing to + 35° equilibrium value in water, c, 2-5 (after recrystallis- 
ation from ether)} by oxidation with nitric acid. The main product of the reaction was /(+-)- 
threodimethoxysuccinic acid (d-dimethoxysuccinic acid). 

2:3: 5-Trimethyl Saccharo-y-lactone Methyl Ester (VIII).—2 : 3-Dimethyl saccharolactone 
methyl ester (50 mg.) was methylated once with Purdie’s reagents and there was isolated by 
means of acetone, crystalline 2:3: 5-trimethyl saccharo-y-lactone methyl ester (50 mg.), 
which separated well from ethyl alcohol-ether; m. p. 78° alone or in admixture with authentic 
2:3: 5-trimethyl saccharo-y-lactone methyl ester prepared from 2:3: 5-trimethyl methyl- 
glucofuranoside (unpublished results); [a]? — 10° in water (c, 2-0) (Found: OMe, 49-7. 
C,,H,,0, requires OMe, 50-0%). 

Examination of the Light-petroleum-soluble Glycosides (C).—This mixture of methylated 
glycosides was slowly distilled through a fractionating column, giving : 


Fraction. B. p. (bath temp.). Pressure,mm. Weight, g. nis”, % OMe. 
D 105° . 3-4 1-4370 
E 105—110 1-02 1-4450 
F 110—130 4-26 1-4475 
G 130—145 0-6 1-4530 


There remained a residue (1-7 g.; ly" 1-4725) which crystallised on cooling; it consisted mainly 
of the a- and the 6-form of 2: 4-dimethyl methylgalactoside. 

Fraction D was slowly redistilled and when the refractive index of the contents of the flask 
reached that of fraction E, the latter was added and the distillation was continued. This process 
was repeated until eventually the whole of the material from the first distillation had been 
redistilled and in this way there were obtained : 
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Fraction. B.p. (bath temp.). Pressure,mm. Weight, g. nis, % OMe. 
H 90-95° 0-01 3-08 1-4350 58-2 
J 95-105 0-01 : 1-4455 56-4 
K 105-120 0-08 , 1-4467 56-2 
L above 120 0-01 , 1-4510 55-3 


It is clear that this second fractional distillation effects little or no improvement in the separation 
of the glycosides. 

Examination of Fraction H. The Identification of 2:3: 5-Trimethyl 1-Avabinose (XIII) and 
2:3: 4-Trimethyl |-Rhamnose (XII).—Fraction (H) was again distilled and collected in two 
approximately equal fractions, but as before no separation could be effected; both fractions 
had the same b. p. (90—95°/0-01 mm.), refractive index (nj 1-4350) and methoxyl content 
(OMe, 58-1%) (Calc. for an equimolecular mixture of trimethyl methylarabinoside and trimethyl 
methylrhamnoside : OMe, 58-0%). The first fraction, however, had [«]?” — 62° in water (c, 
1-1) and the second had [a]? — 22° in water (c, 1-0), but since this difference in rotation was 
probably due to partial separation of the two glycosides into a- and 8-forms and not a real separ- 
ation of trimethyl methylrhamnoside from the trimethyl methylarabinoside, the two fractions 
were combined and the material (3-0 g.) was heated with 0-1N-sulphuric acid (100 c.c.) on the 
boiling water-bath for 9} hours. The rate of hydrolysis as shown by polarimetric observations 
suggested that one of the constituents of the mixture was a furanoside: [a]) — 60° (initial 
value); — 48° (3 hours); — 35-5° (5 hours); — 27° (6 hours); — 26° (7 hours); — 27° (84 
hours) (const. for a further hour). The solution was neutralised with barium carbonate, filtered, 
and evaporated to dryness. The syrupy reducing product thus obtained gave on distillation : 
Fraction (i) (0-54 g.), b. p. (bath temp.) 110—115°/0-08 mm., 7?” 1-4390—1-4460, [a]? — 37° 
in water (c, 1-4) (Found: OMe, 52-4%). Fraction (ii) (2-2 g.), b. p. (bath temp.) 115°/0-08 
mm., 7?” 1-4490, [a]??” — 25° in water (c, 0-9) (Found: OMe, 45-5%). Fraction (i) reduced 
Fehling’s solution, but it still contained some unhydrolysed methylated glycoside, because 
when it was re-treated with 0-1Nn-sulphuric acid for 19 hours on the boiling water-bath a change 
in rotation was observed and the product, isolated as before, had b. p. (bath temp.) 110°/0-05 
mm., 3" 1-4476, [a]? — 21° in water (c, 0-6) (Found: OMe, 48-3%). Fraction (ii), however, 
appeared to be completely hydrolysed, because it underwent no change even when heated on 
the boiling water-bath with n-sulphuric acid. 

In view of the impossibility of separating this constant-boiling mixture of 2 : 3 : 5-trimethyl 
methylarabinoside and 2 : 3 : 4-trimethyl methylrhamnoside by preferential hydrolysis, fraction 
(i) was completely hydrolysed with n-sulphuric acid and the reducing product obtained was 
combined with the reducing methylated sugar of fraction (ii). 

A small amount of this combined mixture of reducing methylated sugars, when treated with 
boiling ethyl-alcoholic aniline, furnished an anilide which crystallised on keeping. The 
crystals were freed from adhering syrup by trituration with light petroleum and recrystallisation 
from the same solvent gave 2:3: 4-trimethyl rhamnose anilide, m. p. 111°. A solution of 
another portion of the combined mixture of reducing methylated sugars (1-7 g.) in water (15 
c.c.) was treated with bromine (2 c.c.) for 2 days at room temperature and for 2 hours at 30°. 
The solution was freed from bromine by aeration, neutralised with silver oxide, filtered before 
and after treatment with hydrogen sulphide, and then evaporated to dryness under diminished 
pressure, whereby there was obtained a syrup, which distilled, giving a colourless mobile liquid 
(1-3 g.), b. p. (bath temp.) 100°/0-05 mm., n}%* 1-4470, [a]}® — 61° (initial value in water, c 0-8), 
changing in 17 hours to — 57° (Found: OMe, 46-5%). Treatment of this lactone mixture with 
methyl-alcoholic ammonia for 12 hours at — 5° gave the amide of 2 : 3 : 5-trimethyl /-arabonic 
acid, m. p. and mixed m. p. 138°, [a]}® + 21° in ethyl alcohol (c, 0-9) (after recrystallisation 
from acetone) (Found: C, 46-5; H, 7-9; N, 6-8; OMe, 44-9. Calc. for C,H,,0;N: C, 46-4; 
H, 8-3; N, 6-8; OMe, 44:9%). When the lactone mixture was allowed to react with phenyl- 
hydrazine in the usual way, it afforded the phenylhydrazide of 2: 3: 4-trimethyl /-rhamnonic 
acid, m. p. and mixed m, p. 177° (after crystallisation from ethyl alcohol—-ether) (Found: C, 
57-6; H, 7-6; N, 9-1; OMe, 29-6. Calc. for C,,H,,O,N,: C, 57-7; H, 7:8; N, 9-0; OMe, 
29-8%). 

Examination of Fraction K. The Identification of 2:3:4:6-Tetrvamethyl Galactose (XX) 
and 2: 5-Dimethyl Arabinose (XIX).—Fraction (K) was slowly distilled and separated into two 
fractions, which were found to be identical, b. p. (bath temp.) 110°/0-10 mm., m3 1-4470, 
[a]#*° + 34° in water (c, 1-0) (Found: OMe, 56-1. Calc. for an equimolecular mixture of tetra- 
methyl methylgalactoside and dimethyl methylarabinoside : OMe, 56-0%). The two fractions 
were combined and a solution of the mixture (4-1 g.) in 0-1N-sulphuric acid was heated on the 
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boiling water-bath: [«]p + 33° (initial value); + 43-5° (1 hour); + 54° (2 hours); + 60-5° 
(3 hours); -+ 64° (4 hours); + 65-5° (5 hours); + 66° (6 hours); -+ 66-3° (7 hours; constant 
for a further 2 hours). The solution was then neutralised with barjum carbonate, filtered, and 
evaporated to dryness under diminished pressure. The product, a syrup which reduced 
Fehling’s solution actively, gave on distillation: Fraction (i) (1-4 g.), b. p. (bath temp.), 
115—120°/0-10 mm., 3° 1-4482—1-4510, [a]? + 129° in water (c,0-7) (Found: OMe, 58-8. 
Calc. for tetramethyl methylgalactoside : OMe, 61-9%). Fraction (ii) (0-4 g.), b. p. (bath temp.) 
120—140° /0-10 mm., n}” 1-4520—1-4605, [«]}" + 83° in water (c, 0-6) (Found: OMe, 52-5%). 
Fraction (iii) (2-0 g.), b. p. (bath temp.) 140°/0-10 mm., 3" 1-4635, [a]}” + 41-2° in water (c, 
0-6) (Found: OMe, 44-0. Calc. for an equimolecular mixture of tetramethyl galactose and 
2: 5-dimethyl arabinose: OMe, 44-9%). 

Fraction (i) was rehydrolysed by heating with 0-1Nn-sulphuric acid for 9 hours on the boiling 
water-bath; the product, isolated as in previous cases, was distilled, giving: Fraction (a) 
(tetramethyl methylgalactoside) (0-72 g.), b. p. (bath temp.) 100°/0-01 mm., n# 1-4480, 
[a]? + 149° in water (c, 0-6) (Found: OMe, 59-5. Calc. for C,,;H,,O,: OMe, 61-9%). 
Fraction (b) (0-48 g.), b. p. (bath temp.) 100°/0-07 mm., nj? 1-4613, [«]?” + 113° in water 
(c, 0-7) (Found: OMe, 52-7%). 

A solution of fraction (a) (0-7 g.) in N-sulphuric acid (25 c.c.), was heated on the boiling 
water-bath for 10 hours: [a]p + 152° (initial value); -+- 137-5° (1 hour); + 126° (2 hours) ; 
+ 118° (3 hours); + 114° (4 hours); -+ 111° (5 hours); -+- 108-5° (6 hours); -+-. 107° (7 hours) ; 
+ 106° (8 hours); + 105° (10 hours, constant value). The solution was neutralised with barium 
carbonate, filtered, and evaporated to dryness to give a syrup (0-6 g.), which distilled, b. p. (bath 
temp.) 130°/0-03 mm., n}” 1-4625 (Found : OMe, 51-6%). The distillate crystallised on keeping 
and after recrystallisation from ether-—light petroleum the 2:3: 4 : 6-tetramethyl galactose had 
m. p. and mixed m. p. 75° (Found: C, 51-0; H, 8-2; OMe, 52-3. Calc. for C,,H,,O,: C, 50-9; 
H, 8-6; OMe, 52-5%). 

The fractions (ii), (iii), and (b), all of which reduced boiling Fehling’s solution, were combined 
and completely hydrolysed by heating on the boiling water-bath with n-sulphuric acid (50 c.c.). 
The mixture of reducing methylated sugars produced in this way was isolated as previously 
described and distilled, giving 2-5 g., b. p. (bath temp.) 135°/0-04 mm., nj" 1-4660, [a]? + 51-5° 
in water (c, 0-7) (Found: OMe, 44.4%). The distillate was divided into three parts (c, 1-0 g.), 
(d, 0-3 g.) and (e, 1-2 g.). 

The first portion (c) (1-0 g.) was completely methylated with Purdie’s reagents (two treat- 
menta) and there was obtained a liquid (0-9 g.), b. p. (bath temp.) 95°/0-05 mm., jj" 1-4390, 
[a] }*°+- 5° in water (c, 1-0) (Found : OMe, 61-0%). This mixture of methylated glycosides was 
completely hydrolysed by heating with 0-2n-sulphuric acid (20 c.c.) until the rotation became 
constant. The product, isolated as previously described (0-8 g.) (Found: OMe, 45-7%), was 
dissolved in water (5 c.c.) and treated with bromine (1 c.c.) at room temperature until the 
oxidation was complete. The syrupy lactone mixture isolated as in previous cases distilled as 
a colourless, fairly mgbile syrup, b. p. (bath temp.) 140°/0-07 mm., [a]? + 105° (initial value in 
water, c 0-9); + 18-5° (after 14 hours); + 21° (after 38 hours) (Found : OMe, 50-0%). When 
this lactone mixture was boiled with ethereal phenylhydrazine for 15 minutes and then heated 
(after removal of solvent) for 2 hours at 95°, there was obtained the phenylhydrazide of 
2:3:4: 6-tetramethyl galactonic acid, m. p. and mixed m. p. 138° (Found: C, 56-3; H, 7-7; 
N, 8-3; OMe, 37-0. Calc. for C,g,H,,O,N,: C, 56-1; H, 7-7; N, 8:2; OMe, 36:3%). Treat- 
ment of the lactone mixture with methyl-alcoholic ammonia gave the amide of 2 : 3 : 5-trimethyl 
l-arabonic acid, m. p. and mixed m. p. 138° (after recrystallisation from acetone-ether). 

The second portion (d) (0-3 g.) was boiled for 3 hours with ethyl-alcoholic aniline (0-2 g. in 
5 c.c.); removal of half of the solvent, followed by the addition of ether (5 c.c.), gave the 
crystalline anilide of 2 : 3 ; 4: 6-tetramethyl galactose, which separated well from ethyl alcohol; 
m. p. 192° alone or in admixture with an authentic specimen (Found: N, 4:7; OMe, 40-9. 
Calc. for C,,H,,0;N: N, 45; OMe, 39-9%). 

A solution of the third portion (e) (1-2 g.) in water (10 c.c.) was treated with bromine (2 
c.c.) for 24 hours at room temperature and for 5 hours at 35°, The excess of the bromine was 
removed, and the lactone, isolated.as above, was distilled, giving 0-9 g., b. p. (bath temp.) 
135—140° /0-05 mm., nj” 1-4570, [a]}” + 54° (initial value in water, c 0-7); -+- 9°5° (6 hours); 
— 1-5° (10 hours); — 4-2° (11 hours); — 8-5° (23 hours, constant for 24 hours) (Found; OMe, 
44-8%). This lactone mixture furnished the amide of 2 : 5-dimethyl /-arabonic acid on treat- 
ment with methyl-alcoholic ammonia for 12 hours at — 5°. After recrystallisation from ethyl 
alcohol-ether the amide had [a]i* + 38° in water (c, 1-4), m. p. 132° alone or in admixture with 
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a pure specimen prepared from heptamethyl 3-d-galactosido-l-arabofuranose (J., 1939, 744) 
(Found : C, 43-6; H, 7-5; N, 7-2; OMe, 31-8. Calc. for C,H,,0O,;N': C, 43-5; H, 7-8; N, 7°25; 
OMe, 32-2%). , 

A solution of the lactone mixture (0-1 g.) in ether (2 c.c.) was treated with phenylhydrazine 
(0-06 g.) at room temperature, and after } hour a crystal of the phenylhydrazide of 2: 3: 4: 6- 
tetramethyl galactonic acid was added. The separation of this phenylhydrazide from the 
solution in plates was subjected to careful observation and when the second type of crystals 
(rosettes of needles of the phenylhydrazide of 2 : 5-dimethyl /-arabonic acid) made their appear- 
ance, the liquid was decanted from the crystals, which were washed with ether. Purification of 
the crystals by recrystallisation from ethyl alcohol-ether gave the phenylhydrazide of 2 : 3 : 4: 6- 
tetramethyl galactonic acid, m. p. and mixed m. p. 138°. On allowing the solution decanted 
from the crystals to stand with the ethereal washings of the latter (3 c.c.) at room temperature 
for a further 12 hours, the phenylhydrazide of 2 : 5-dimethy] l-arabonic acid separated in needles, 
m. p. and mixed m. p. 163° (after recrystallisation from ethyl alcohol—ether) (Found: C, 55-0; 
H, 7-1; N, 10-0; OMe, 22-0. Calc. for C,;H,,O;N,: C, 54-9; H, 7-1; N, 9-9; OMe, 21-8%). 

When a mixture of methylated glycosides (2-2 g.) corresponding to fraction H (obtained from 
another sample of methylated arabic acid) was hydrolysed by heating with 0-1n-sulphuric acid 
on the boiling water-bath, it showed [a]) — 47° (initial value); — 44° (1-25 hours); — 35° 
(2 hours); — 30° (4hours); — 24° (6-5 hours); — 19-5° (8 hours); — 18-5° (9 hours); — 16-5° 
(11-5 hours); — 14° (15-5 hours); — 13-5° (20 hours). The hydrolysis was now complete, 
for when the strength of the sulphuric acid was increased to n, the solution showed no change 
in specific rotation after being heated for a further 2 hours on the boiling water-bath. After 
removal of the mineral acid with barium carbonate, and the solvent by evaporation under 
diminished pressure, there was obtained a syrupy mixture of reducing methylated sugars, 
which distilled as a colourless liquid (1-4 g.), b. p. (bath temp.) 125—130°/0-01 mm., n}” 1-4550, 
[a]}® — 14-5° in water (c, 1-6) (Found: OMe, 45-5%). A solution of this mixture of sugars 
(1-0 g.) in water (10 c.c.) was oxidised with bromine (1 c.c.) for 2 days at room temperature in 
the presence of lead carbonate (2 g.). The solution was freed from bromine by aeration, filtered 
before and after treatment with hydrogen sulphide, and concentrated under reduced pressure 
to remove hydrogen sulphide. The solution was then neutralised with silver oxide, filtered, and 
worked up in the usual way for a bromine oxidation to give the mixture of lactones, which dis- 
tilled as a colourless mobile liquid (0-6 g.), b. p. (bath temp.) 100—110°/0-08 mm., ni®* 1-4533 
(Found: OMe, 45-8%); [«]i®* — 68° (initial value in water, c 1-3); — 52° (after 4 days); 
— 46° (19 days); — 44-5° (29 days). Calculated for an equimolecular mixture of 2:3: 4- 
trimethyl /-rhamnose and 2: 3: 5-trimethyl /-arabinose, OMe, 46-6%, and on the assumption 
that the rotations of these two compounds are — 39-5° (Baker and Haworth, J., 1925, 127, 365) 
and + 24° (Haworth, Hirst, and Miller, J., 1929, 2469) respectively, the rotation of the mixture 
should be ca. — 6°. Calculated for the corresponding mixture of lactones, OMe, 47-2%; [a]p 
— 88°, assuming that the rotations of 2 : 3 : 5-trimethyl y-arabonolactone and 2 : 3 : 4-trimethy] 
$-rhamnonolactone are — 44° (Drew, Goodyear, and Haworth, J., 1927, 1237) and — 130° 
(Haworth, Hirst, and Miller, loc. cit.) respectively. 

Similarly, when a solution of the mixture of glycosides (2-1 g.) (corresponding to fraction 
K, see above) in n-sulphuric acid (50 c.c.) was heated on the boiling water-bath, it showed 
{«]p + 52° (initial value); + 75° (after 2-5 hours); + 69° (5 hours); + 65-5° (8} hours) (con- 
stant value). The mixture of 2:3: 4: 6-tetramethyl galactose and 2: 5-dimethyl /-arabinose 
obtained from this solution, in the manner previously described, distilled as a colourless liquid 
(1-7 g.), b. p. (bath temp.) 120°/0-03 mm., n}*" 1-4670, [a]p + 72° (in water, c 1-1) (Found: 
OMe, 46:0%). The mixture of lactones prepared from this mixture of reducing methylated 
sugars by a bromine oxidation in the presence of lead carbonate (see above) had b. p. (bath 
temp.) 130°/0-03 mm., nj" 1-4620 (Found: OMe, 46-2%); [«}i* + 76° (initial value in water, 
¢ 2-0); + 60-5° (7-25 hours); + 33-5° (3-75 hours); -+- 17-5° (6-25 hours); -+ 5-5° (16 hours) ; 
+ 7° (40 hours); + 11° (192 hours). Calculated for an equimolecular mixture of 2: 3: 4: 6- 
tetramethyl galactose and 2: 5-dimethyl arabinose, OMe, 45-0%, and the calculated value 
for the methoxyl content of the lactones is 45-34% and its rotation is {a]p ca. + 70°, assuming 
that the rotation of 2:3: 4: 6-tetramethyl 8-galactonolactone is + 166-5° (Drew, Goodyear, 
and Haworth, loc. cit.) and that of 2: 5-dimethyl y-/-arabonolactone is — 60° (Smith, J., 
1939, 744). 

Hydrolysis of heptamethyl 3-galactosido-J-arabofuranose (Smith, J., 1939, 744) with. boiling 
2% methyl-alcoholic hydrogen chloride furnished a mixture of methylated glycosides which 
had b. p. (bath temp.) 120°/0-04 mm., mf" 1-4510, [a]? + 50° in water (c, 1-7) (Found : OMe, 
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550%). The corresponding mixture of reducing methylated sugars, prepared by treating the 
a of glycosides with n-sulphuric acid for 16 hours at 95°, had b. p. (bath temp.) 145°/0-03 

, ni® 1-4690, [a]? + 72° in water (c, 1-2) (Found: OMe, 44-0%). When comparing the 
pa of this mixture of glycosides and the mixture of reducing methylated sugars with those 
derived from fraction K (see above), it must be borne in mind that the arabinose moiety in the 
heptamethyl 3-galactosido-/-arabinose may not be all in the furanoside form but may also be 
partly in the pyranoside form, with the result that the methylated disaccharide will furnish some 
2: 4-dimethyl arabinose derivatives in addition to 2: 5-dimethyl derivatives; these figures are 
therefore recorded with reserve. 

Examination of Fraction J].—When a solution of this mobile liquid (1-0 g.) in 0-7N-sulphuric 
acid (30 c.c.) was heated on the boiling water-bath, it showed [{a]p + 39° (initial value); + 53° 
(3 hours); -++ 49° (5 hours) (constant for 14 hours). After neutralisation of the sulphuric acid 
with barium carbonate, the solution was filtered and evaporated under reduced pressure to a 
syrup, which distilled as a colourless liquid, b. p. (bath temp.) 130—150°/0-02 mm., n3° 1-4570— 
1-4670, (a]}" + 59° in water (c, 1-3) (Found: OMe, 45-2%). 

Treatment of this syrupy mixture of reducing methylated sugars (50 mg.) with aniline (30 
mg.) in boiling ethyl alcohol (1-5 c.c.) for 2 hours gave the anilide of 2: 3: 4: 6-tetramethyl 
galactose, m. p. and mixed m. p. 192° (after recrystallisation from ethyl alcohol-ether).. No 
other crystalline anilide could be obtained from the mother-liquors. 

A solution of the rest of the mixture of reducing methylated sugars in water (15 c.c.) was 
oxidised with bromine (0-5 c.c.) at room temperature for 3 days. The excess of the bromine 
was removed by aeration. The solution was neutralised with silver oxide, filtered, and treated 
with hydrogen sulphide. The liquid, which still contained colloidal silver sulphide, was de- 
canted from the precipitated silver sulphide and the latter was washed several times by decant- 
ation. The decanted liquid and the washings were combined and evaporated to a syrup under 
diminished pressure. The product was extracted with acetone and to the acetone solution 
excess of ether was added. A small amount of flocculent material was filtered off and on removal 
of the solvent there was obtained a syrup, which distilled as a colourless mobile liquid (0-7 g.), 
b. p. (bath temp.) 140°/0-04 mm., n}” 1-4590, [«]}° + 61° (initial value in water, c 1-5); + 38-5° 
(after 1} hours); + 2° (5$ hours); + 0-0° (8 hours); — 1° (11 hours) (Found: OMe, 46-5%). 
. Treatment of the mixture of methylated lactones (0-1 g.) with phenylhydrazine (0-06 g.) 
for 10 minutes in boiling ethereal solution and then for 1 hour at 95° in the absence of solvent, 
gave a pale yellow syrup, which crystallised on trituration with ether. Recrystallisation of the 
product from ethyl alcohol-ether gave in good yield the phenylhydrazide of 2: 5-dimethy] 
l-arabonic acid, m. p. and mixed m. p. 163°. 

When the lactone mixture was allowed to react with methyl-alcoholic ammonia for 2 days 
at — 5°, there was obtained an amide which crystallised on removal of the solvent. The 
crystals were filtered off and recrystallised from ethyl alcohol-acetone to give the amide of 
2 : 6-dimethyl /-arabonic acid, m. p. and mixed m. p. 132°. Extraction of the syrup obtained 
from the mother-liquors with ether gave a small amount of the amide of 2 : 3 : 4: 6-tetramethyl 
galactonic acid, m. p. and mixed m. p. 122° (after recrystallisation from ether-light petroleum). 

Examination of Fraction L.—Complete hydrolysis of this fraction by heating it for 10 hours 
on the boiling water-bath with 0-5n-sulphuric acid gave a mixturc of reducing methylated sugars 
which had [a]? + 58° in water (c, 1-4) (Found: OMe, 37-5%). 

Oxidation of this mixture of reducing methylated sugars with bromine as in previous cases 
gave the corresponding mixture of lactones, which distilled as a colourless liquid, b. p. (bath 
temp.) 145°/0-05 mm., nf” 1-4640, [a]>* + 51° (initial value in water, c 1-0); + 42° (1 hour); 
+ 16-5° (3} hours); -+ 3° (64 hours); — 2° (10 hours); — 4° (20} hours); + 12° (27 days). 
The distillate reacted acid to Congo-paper (Found: OMe, 40-9%). 

When this mixture of methylated lactones was treated with methyl-alcoholic ammonia for 
2 days at — 5°, it gave mainly the amide of 2 : 5-dimethyl-/-arabonic acid, m. p. and mixed m. p. 
mow A small amount of an unidentified substance was isolated from the mother-liquors, 

. Pp. ca. 158° (after recrystallisation from ethyl alcohol-ether). 

Treatment of the mixture of methylated lactones with phenylhydrazine afforded in good yield 
the phenylhydrazide of 2: 5-dimethyl /-arabonic acid, m. p. and mixed m. p. 163° (after 
recrystallisation from ethyl alcohol-ether). 

Examination of the Light-petroleum-insoluble Fraction R. Identification of 2: 4-Dimethyl 
Galactose (XK XV).—That portion of the methylated glycosides (B) (14-3 g.) insoluble in light 
petroleum crystallised on keeping and after trituration with ether—light petroleum to remove 
adhering syrup, the residue was crystallised from acetone—light petroleum, giving 2 : 4-dimethyl 
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6-methylgalactoside, m. p. and mixed m. p. 166° (Found: OMe, 41-5. Calc. for C,H,,0,: 
OMe, 41:9%). The syrup obtained on removal of the solvent from the mother-liquors was 
boiled for 8 hours with 2% methyl-alcoholic hydrogen chloride (200 c.c.) ; the solution was cooled, 
neutralised with silver carbonate, filtered, and evaporated under reduced pressure, giving a 
syrup (13-2 g.) (Found: OMe, 41-0%), which crystallised on keeping. After recrystallisation 
of the 2 : 4-dimethyl «-methylgalactoside, obtained in this way, from acetone—light petroleum 
it had m. p. and mixed m. p. 105°, [«]}® + 143° in water (c, 1-1) (Found: OMe, 42-0. Calc. 
for C,H,,0,: OMe, 41:9%). 

Solutions of the a- and of the @-form of 2 : 4-dimethyl methylgalactoside in n-sulphuric acid 
were heated on the boiling water-bath until the specific rotation became constant. Each was 
neutralised with barium carbonate, filtered, and evaporated to dryness under diminished 
pressure. In both cases 2: 4-dimethyl galactose was obtained as a syrup, which crystallised 
as the monohydrate when triturated with a little water or on exposure to the air. It had 
m. p. and mixed m. p. 103°, [«]}* + 86° (equilibrium value in water, c 1-1) after crystallisation 
from ethyl alcohol—acetone-ether (Found: OMe, 27-2. Calc. for C,H,,0,: OMe, 27-4%). 

A solution of 2: 4-dimethyl galactose (from which the water of crystallisation had been 
removed by heating in a vacuum at 110°) in 1% methyl-alcoholic hydrogen chloride showed : 
[a]? + 55° (initial value); + 57° after 1 hour); + 66° (6 hours); + 77° (10 hours); + 86° 
(15 hours); -+ 93° (20 hours); + 105° (30 hours); + 110° (35 hours); + 117° (45 hours); 
+ 120° (60 hours); + 128° (84 hours); -+ 131° (108 hours); + 135° (133 hours) (constant 
value). Neutralisation of the mineral acid with silver carbonate, followed by removal of the 
solvent, gave 2 : 4-dimethy]l a-methylgalactopyranoside, m. p. and mixed m. p. 164°, [«]}® + 143° 
in water (c, 1-0) (after recrystallisation from acetone—light petroleum). 

A solution of the 2 : 4-dimethyl galactose monohydrate (1-0 g.) in water (15 c.c.) was treated 
with bromine (2 c.c.) at room temperature until the solution no longer reduced Fehling’s solu- 
tion. The solution was freed from excess of the bromine by aeration, neutralised with silver 
oxide, filtered before and after treatment with hydrogen sulphide, and evaporated to dryness 
under reduced pressure. The syrupy product was purified by extraction with acetone—ether 
and distilled in a high vacuum, giving 2 : 4-dimethyl 3-galactonolactone (0-6 g.), which separated 
well from dry acetone; m. p. 113°, [a]i® + 158° (after 5 mins. in water, c 0-5). . (This 8-lactone 
changes to a syrup unless it is kept quite dry.) (Found: OMe, 29-8. Calc. forC,H,,O,: OMe, 
30-1%). When treated with phenylhydrazine, the 2 : 4-dimethyl 3-galactonolactone yielded the 
phenylhydrazide of 2 : 4-dimethyl galactonic acid, m. p. and mixed m. p. 183° (after recrystallis- 
ation from ethyl alcohol-ether), and with methyl-alcoholic ammonia the 2 : 4-dimethyl 8-galac- 
tonolactone gave the corresponding amide, m. p. and mixed m. p. 167° (after recrystallisation 
from ethyl alcohol). ‘ 

The presence of 2: 5-dimethyl methylarabinoside in the mixture of the light-petroleum- 
soluble methylated glycosides (4-4 g.) obtained from another specimen of methylated arabic 
acid (16-5 g.) has also been established in the following manner. The mixture of methylated 
glycosides was completely hydrolysed by heating for 10 hours with n-sulphuric acid (50 c.c.) 
on the boiling water-bath. The solution was neutralised with barium carbonate, filtered, and 
evaporated to a syrup under diminished pressure. This reducing syrup was extracted with 
boiling light petroleum until there remained 1-1 g. of syrup (Found: OMe, 36-6. Calc. for 
dimethyl arabinose : OMe, 34:8%). The extraction with light petroleum was repeated several 
times until the residue amounted to 0-72 g. This product had [ai — 2° in water (c, 1-0) 
(Found: OMe, 34:1%). The feducing methylated sugar (0-7 g.) was then converted into the 
corresponding methylfuranoside by means of 1% methyl-alcoholic hydrogen chloride (25 c.c.) 
at room temperature: [a]) — 18° (initial’value); -+ 20° (1 hour); -+ 37° (24 hours); + 31° (6 
hours); -+ 0° (14 hours); — 15° (20 hours); — 30° (28 hours); — 41° (40 hours); — 46° (50 
hours); — 51° (70 hours); — 52° (90 hours, constant for a further 24 hours). The solution 
({a]p — 52°) was neutralised with silver carbonate, filtered, and evaporated to a syrup, which 
was distilled, giving 0-54 g., b. p. (bath temp.) 110°/0-03 mm., ni" 1-4475, [a]}* — 60° in water 
(c, 0-9) (Found: OMe, 47-3. Calc. for C,H,,0,: OMe, 48-5%). This furanoside was hydro- 
lysed by heating with 0-2n-sulphuric acid for 4 hours on the boiling water-bath; the reducing 
sugar was isolated as in previous cases and converted by means of bromine into the correspond- 
ing lactone, which was distilled in a high vacuum, giving a colourless liquid, [«]??° — 45° (initial 
value in water, c 1-0) (Found: OMe, 33-6%). The distillate crystallised on keeping and after 
recrystallisation from ether it gave pure 2 : 5-dimethyl-y-arabonolactone, m. p. and mixed m. p. 
60°, («]?" — 58° (initial value in water, c 1-0) (Found: OMe, 35:1. Calc. for C,H,,0,: OMe, 
35-2%). 
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Isolation of 1-Rhamnose from Arabic Acid.—A mixture of the reducing sugars, consisting of 
l-arabinose, /-rhamnose, and 3-galactosido-/-arabinose, obtained from arabic acid by autohydro- 
lysis was freed from as much of the /-arabinose as possible (see Part I, J., 1939, 744). A solution 
of the syrup obtained from the mother-liquors in a small quantity of methyl alcohol was then 
poured into a dish and allowed to evaporate slowly intheair. After keeping at room temperature 
for about 18 months the large crystals of |-rhamnose hydrate which had separated were picked 
out and freed from the adhering thin syrup by a quick washing with methyl alcohol. These 
crystals were dissolved in a small volume of hot ethyl alcohol and a few drops of water were 
added; on cooling, /-+rhamnose monohydrate separated, m. p. 101°, [«]}*° + 10° (equilibrium 
value in water) (c, 1-0) (Found: C, 39-8; H, 7-8. Calc. for C,H,,0,,H,O: C, 39-6; H, 7-7%). 

The Phenylhydrazide of 2:3: 5-Trimethyl |-Rhamnonic Acid.—The compound was prepared 
for reference purposes by treating the crystalline 2:3: 5-trimethyl y-l-rhamnonolactone 
(50 mg.) with phenylhydrazine (40 mg.) in boiling ethereal solution for 30 minutes and then for 
3 hours at 90° in the absence of solvent. Trituration of the crystalline residue with ether, followed 
by recrystallisation from ethyl alcohol-ether-light petroleum, gave the phenylhydrazide of 
2:3: 5-trimethyl /-rhamnonic acid, m. p. 160° (Found: C, 57-9; H, 7:85; OMe, 29-7. 
C,sH,,0;N, requires C, 57-7; H, 7-7; OMe, 29-8%). 


The author thanks Professor W. N. Haworth, F.R.S., for his interest in this work. 


Tue A. E. Hirts Lasorartory, 
THE UNIVERSITY, EDGBASTON, BIRMINGHAM. [Received, May 23rd, 1940.] 





192. Studies on Argentine Plants. Part II. Aspidospermine from 
Vallesia glabra and Vallesia dichotoma. 


By V. DEevtorev, J. DE LANGHE, R. LABRIOLA, and (in part) V. CARCAMO. 


The alkaloid occurring in V. glabra and V. dichotoma has been identified as 
aspidospermine. 


MAININI (Thesis, Buenos Aires, 1904) isolated from V. glabra (‘‘ ancoche’’), an alkaloid, 
vallesine, which was first obtained in a crystalline form, melting at 184—185°, by Stuckert 
(Inv. Lab. Quim. Biol., Cérdoba, 1938). Hartmann and Schlittler (Helv. Chim. Acta, 
1939, 22, 547) identified it with aspidospermine, also present in the bark of the “‘ quebracho 
blanco ” tree. We had already arrived at the same conclusion in an independent way 
(Deulofeu, Labriola, and De Langhe, Rev. Inst. Bact., 1939, 9, 224) and have now shown 
that the alkaloid found in V. dichotoma by Carcamo (Bol. Soc. Quim. Pert, 1936, 2, 25) is 
also identical with aspidospermine. 

The identification in both cases was effected by transformation of the alkaloid into 
deacetylaspidospermine and aspidosine by Ewins’ method (J., 1914, 105, 2738). The 
alkaloid was isolated from the leaves and branches. Extracts from the root of V. glabra, 
though giving a strong alkaloidal reaction, could not be induced to crystallise. 


EXPERIMENTAL. 


Preparation of Aspidospermine.—The preparation from the leaves of V. glabra is described 
asanexample. The same method applies to the branches. 3 Kg. of leaves were extracted with 
20 1. of water containing 5% of tartaric acid (when hydrochloric acid was used, no crystals were 
obtained). After 8 days the solution was filtered and the extraction was repeated with 3% 
tartaric acid solution (20 1.) and again with a 2% solution (20 1.). The united extracts were 
evaporated to 6 1. and shaken with ether, non-basic substances thus being partially eliminated. 
The aqueous solution was then made alkaline with sodium carbonate and extracted with ether. 
After being washed with water, the ether was evaporated, and the gummy residue dried in a 
desiccator and dissolved in alcohol; the aspidospermine crystallised readily, m. p. 204° after 
recrystallisation from alcohol. The alkaloid was freed from a minute quantity of non-basic 
substances by solution in water acidified with tartaric acid and shaking with ether; after 
recovery from the aqueous solution, made alkaline with sodium carbonate, by ether extraction 
it had m. p. 207—208°, [«]??” —91-1° (c 1-48) in chloroform (Found: C, 74:85; H, 8-5; N, 7-8; 
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OMe, 8-5. Calc. for C,,H;,0,N, : 
gives m. p. 208° and [«]p —93°. 





Pari VI. 


C, 74-6; H, 8-65; N, 7-9; OMe, 875%). The literature 


The yield of aspidospermine per kg. was 3-6—3-9 g. from the leaves and 2 g. from the branches. 
From V. dichotoma a yield of about 4 g. per kg. was obtained. 

Deacetylaspidospermine was prepared according to Ewins (loc. cit.) by the action of hydro- 
chloric acid on aspidospermine; it formed fine needles, m. p. 108—109°, from aqueous acetone 


(Ewins gives 110—111°). 


Aspidosine, prepared from aspidospermine by the action of hydriodic 


acid, separated from alcohol in prisms, m. p. 245° (Ewins gives 244—245°). 
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193. Rotilerin. 








its Derivatives. 
By R. A. Morton and Z. SAWIRES. 


Part VI. A Spectrographic Study of Rottlerin and 


[Received, January 15th, 1940.] 


The absorption spectra of rottlerin and its derivatives are largely determined by 


those 


of methylphloracetophenone. If the CH,°CO group 


is replaced by 


C,H,°CH:CH:CO, a new factor enters into the spectra, and a less important effect occurs 


when chromen structures occur. 


There is qualitatively a predominant additive 


effect in the spectra, but constitutive effects are more significant in determining 


intensities of absorption. 


A large number of relatively simple substances have been 


examined, and the data used as a basis for an extended correlation between structure 
and absorption. The methyl ethers give rise to interesting anomalies which are shown 
to have rather wide implications. , 


THE investigation of rottlerin and its derivatives (Robertson and co-workers, J., 1937, 
748; 1938, 309; 1939, 1257, 1579, 1587; Brockmann and Maier, Annalen, 1938, 535, 149; 
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O OH CH, H, CH OH _} 
(IV; Dihydroisorottlerin.) (V; Tetrahydroa/lorottlerin.) (VI; Rottlerone.) 
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1939, 541, 53) has now reached a stage when it is profitable to discuss absorption spectra 
(obtained on compounds prepared by the Liverpool workers) in relation to the structural 
formulz which have been established. A large number of substances have been studied, 
mainly in 96% ethyl alcohol, and the spectra usually exhibit broad, unresolved absorption 
bands in the ultra-violet. The work is concerned with rather large molecules containing 
a number of chromophoric groups, and the problem as a whole affords an excellent 
opportunity for illustrating the mingling of additive and constitutive effects in the spectra 
of complicated compounds. 

The principal compounds are shown in (I)—(XIII), and the spectra are given in 
Table I. The latter can best be understood if methylphloracetophenone (XIV) is taken 






TABLE I. 
Summary of Spectrographic data. 
Compound. » ee my. €max.: Aeta.e my. €min.- Fig. 
Rottlerin (I) 350 27,100 327 24,250 1 
294 34,800 257 16,100 
231-5 33,000 
isoRottlerin (II) ~366 5,600 244-5 14,200 2 
~302 22,450 
273 41,300 
Tetrahydrorottlerin (III) ~345 6,600 253 3,250 3 
295 29,000 224-5 24,900 
232 26,900 
Dihydroisorottlerin (IV) ~345 5,800 253 2,590 4 
293 30,600 221-5 28,750 
225 30,300 
Tetrahydroallorottlerin (V) 345 5,500 252-5 4,420 5 
289-5 32,250 221-5 23,140 
; 229 27,300 
Rottlerone (VI) 358 35,000 307 2,190 _ 1 
290 23,200 265 12,500 
Octahydrorottlerone (VII) ~345 7,470 255 5,260 6 
297-5 34,300 
232 28,500 ; 
Octahydroallorottlerone (VIII) ~345 5,130 252 3,790 7 
291-5 35,900 225 25,200 
233-5 31,100 
(IX) ~345 5,860 252 5,860 8 
291 25,750 
227 21,800 
(X) ~345 3,400 250 1,590 9 
293-5 22,500 
5: 7-Dihydroxy-2 : 2’-dimethylchroman (XI) 272 624 252 220 10 


as a starting point, and as a preliminary it is necessary to account for the spectrum of 
this substance. 


COMe ree 
, my. €max.: 
H H - w88 2,510 
e (XIV) 291 17,800 
A 223 12,600 


cycloHexane is transparent in the ultra-violet and cyclohexene has maxima at 220 and 
190 my, whereas cyclohexadiene shows two regions of intense selective absorption, ca. 
260 my and ca. 190 my (Allsopp, Proc. Roy. Soc., 1934, A, 148, 618). Benzene, with three 
conjugated double bonds, shows resolved absorption 230—270 my of low intensity, « = 
200—300, and it is important that the absorption, although qualitatively similar to that 
of cyclohexadiene, is very much weaker (one-twentieth). It is also quite distinct from that 
shown by compounds containing the triene group AYCH:CH°CH:CH:-CH:CHB (cf. elzostearic 
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acid). The spectra of phenol and anisole exhibit a small displacement of 4,,,,, and a 


roughly 10-fold increase in ¢,,,,,, as compared with benzene (the spectra show resolution 
into narrower bands) : 


€.wax- 

Phenol (in hexane) 2200 
(in alcohol) . 2050 
Anisole (in hexane) 2510 
(in alcohol)  ..........0.se0ees 2240 


Relatively high ¢ values are maintained in the dihydroxybenzenes, but phloroglucinol 
and its trimethyl ether exhibit a striking reversion to low « values : 


Amax., muy. 
Pyrocatechol in alcohol  .........seeeseceeseeeceeeeeee 277-8 
Resorcinol in alcohol —......ececseceeeceeeeceeeeeeeeeee 276-1 
Quinol im alcOhol ........cseeesececececeeceeccececereeee 2O42 


Phloroglucinol in alcohol ............seessecseeesseeeee 2665 Morton and Rogers, J., 
O-Trimethoxyphloroglucinol in alcohol ............ 264-6 1925, 127, 2700. 
: 2: 4-Trihydroxybenzene in alcohol ............ 292 
: 2: 4-Triacetoxybenzene in alcohol ............. 266-5 Goslawski and March- 
: 3-Trihydroxybenzene in alcohol ............ 266 lewski, Bull. Acad. 
: 3-Triacetoxybenzene in alcohol ............. 259 Polonaise, A, 1931, 
: §-Trihydroxybenzene in alcohol ............ 268-5 383. 
: 6-Triacetoxybenzene in alcohol ............ 261 290 


1 : 2: 4-Trihydroxybenzene shows a spectrum practically indistinguishable from that of 
quinol, whereas that of pyrogallol approaches the low ¢ values shown by phloroglucinol. 

In all these compounds the electronic change concerned in the act of absorption is made 
possible by the presence of a double bond in the benzene ring, and it is clear that, just as 
the third double bond in benzene reduces the probability of the electronic transition 
occurring in both cyclohexadiene and benzene, so also the distortion set up by mono- and 
di-substitution (OH or OMe) partly restores it. Trisubstitution may, but need not 
necessarily, reverse the effect. Although symmetry considerations obviously have a 
bearing on the matter, it is not satisfactory to attribute the decreased absorption 
merely to 1:3: 5-substitution, since the neutralisation of the effects of substituents is 
equally clear in pyrogallol triacetate. 


The methylphloracetophenone spectrum may now be approached from the standpoint 
of the acetyl substituent : 


Acetophenone o-Hydroxyacetophenone 327 
251-5 
Pp - ” ” 


330 
277 
221 10,950 


The origin of selective absorption in the hydroxyacetophenones will be discussed elsewhere 
by Morton and Stubbs. The 327 my and 251-5 my maxima of the o-isomeride and the 
277 my. maximum of the #-derivative are all benzenoid in origin, whereas the low-intensity 
bands at 320 and 330 my in the above table are due to the carbonyl group. In resaceto- 
phenone the superposition of effects due to o- and -hydroxyls is manifest (Fig. 14) : 


278 236 231 
13,780 7,980 8,460 


In methylphloracetophenone the inflexion at 333 my corresponds with the 327 my band of 
o-hydroxyacetophenone, and the 291 my maximum with the 277 my band of p-hydroxy- 
acetophenone. It is less easy to locate the site in the molecule corresponding with the 
223 my maximum, but it is provisionally regarded as the carbonyl group. 

The aldehydes (XV) and (XVI) exhibit spectra very similar to that of methylphloraceto- 
phenone, and when comparison is made with o- and -hydroxybenzaldehyde (Table II) it is 
clear that the greatly modified benzenoid electronic transitions of (XIV), (XV), and (XVI) 
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are essentially predetermined, since their absorption curves are little different from the 
summation of those of the two simple hydroxyaldehydes. 


TABLE II. 
CHO CHO 


Amax.» my. €max.- 
H Et 
et mv) al San exvn) 
230 , 
Et H 


o-Hydroxybenzalde- 325 p-Hydroxybenzalde- 
hyde 255 hyde 


(XII 270-5 H pom 

(XIIT) C/ 

(xt) . HO xvi) 
* Very feeble inflexion. 


The absence of a substituent containing a carbonyl group (XII and XIII) effects a 

reversion to the simple low-intensity benzenoid absorption of phloroglucinol, and the 

chroman (XI) is chromophorically identical with (XII), whereas chromanone 

H R (XVII) is to be regarded as (XVIII) from the point of view of absorption, 
OR and shows a curve almost identical with that of methylphloracetophenone. 

H One of the best attested phenomena in absorption spectra is the in- 

(XVII) sulating effect of CH, or (CH,],, for a molecule A-CH,°B, where A and B 

t are chromophoric groups, shows normally a spectrum obtained by the simple 

summation of the absorption due to Aand B. This insulating effect can be tested in many 

ways from the data for rottlerin derivatives. 
(a) The diphenylmethane derivative (IX) shows qualitatively the same absorption as 
methylphloracetophenone, but the « values do not reach twice those of this substance : 


Amax- €max. X 2. 


~333 5,020 
(XIV) 291 35,600 
223 25,200 21,800 


The test is not quite a strict one, since (IX) ought perhaps to be compared with 3 : 5- 
dimethylphoracetophenone. 

(6) The phenyl group in (X) is insulated by two CH, groups, and it would therefore be 
expected to exert little effect on the spectrum of methylphloracetophenone, and octa- 
hydrorottlerone (VII) should have twice the intensity of absorption : 


Amaz.» my. 
5 : 7-Dihydroxy-8-acetyl-2-gemdimethylchroman “a 
93-5 
227 
5 : 7-Dihydroxy-8-8-phenylpropionyl-2-gemdimethylchroman (X) ~<—— 
93-5 
Octahydrorottlerone (VII) ~345 
297-5 
, 232 


(c) Tetrahydrorottlerin (III) is chromophorically equivalent to 3 : 5-dimethylphloraceto- 
phenone (XIX) plus (XX). The spectrum does in fact show the expected absorption 


COMe COR 


H 
eax) eae ORE ox 
H H 
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maxima, but, as in (b), the maximum ca. 295 my fails to reach the expected two-fold rise 
in « value (see Table I), viz., 29,000 as compared with ca. 35,600 expected. From another 
point of view the spectrum of (III) may be expected to be given by the mean of those of 
octahydrorottlerone (VIII) and the diphenylmethane derivative (IX) : 


p my, obs. €max.> obs. . Emax.» calc. 
~345 6,600 6,665 
295 29,000 30,035 
232 26,900 25,150 


and the spectrum of tetrahydroallorottlerin (V) is, as would be expected, very similar. 

The element of additivity in the spectra is obvious, but extinction coefficients cannot 
be predicted accurately in every case. The significant variable is the degree of substitution 
in the benzene ring, and a definite effect shown by methyl groups on « values is already 
known. The data in Table III (cf. Conrad-Billroth, Z. physikal. Chem., 1935, B, 29, 170; 
Wolf and Strasser, 7bid., 1933, B, 21, 389) make this clear for the benzenoid chromophore : 


TABLE III. 


Methylbenzenes. 
Methyl substituents (None.) 1. 1:2. 1:3. 1:4. 1:2:3. 1:2:4. 1:2:5. 
260 260 265 265 260 275 265 
300 330 300 440 360 830 300 
1:2:4:5. 1:2:3:5:6. 1:2:3:4:5:6. 
275 270 270 
820 370 330 


2 


In 2:4: 6-trimethoxy-m-tolylpropionic acid (XXI) the carboxyl group is effectively 
insulated, but the absorption spectrum (Fig. 18) (Amax. 280 my, 
Me Emax. 2290) is about 5 times as intense as that shown by phloro- 

OM Me glucinol trimethyl ether, viz., Anax, 264 my, en,,, 465. 
H,°CH,°CO,H ~ The departures from quantitative additivity thus appear to 
Me indicate that the probability of a given electronic transition is 
(XXI.) influenced considerably by chromophorically inert substituents 

; like methyl groups. 

The spectra of rottlerin and rottlerone differ from those already discussed in that a very 
intense band ¢,,.,,. 27,000—35,000 at 350—360 my replaces the rather weak band ¢,,,. 
3,000—7,500 at about 345 my. Both compounds contain additional unsaturation, as they 
possess the chromen structure and the cinnamoyl group in which there is no CH, group to 


insulate the phenyl and carbonyl groups. The two types of additional unsaturation may be 
taken separately : 


Ames. €max.- 
(a) 5: 7-Dihydroxy-8-cinnamoyl-2-gemdimethylchroman 347 23,970 
(XI; R = CHPh:CH-CO-) 330 | 19,400 


This shows greatly enhanced absorption at 350 my and there is obviously a second band 
of high intensity not far away, near 300 my, but the superposition of the effects of different 


chromophores makes it risky to be dogmatic about the interpretation of absorption in the 
region 270—325 mu. 


(d) The effect of the chromen linkage is best approached indirectly by comparing the 
“ spectra of isorottlerin and dihydroisorottlerin (II and IV; 

Me Figs. 2 and 4). The additional unsaturation gives rise to a 

\cMe, new and intense absorption band with 4,,,,. ca. 273 my, but 

fH the absorption in the region 325—400 my is displaced some- 

Yo SH CH what in the direction of longer wave-lengths without 
(XXII) significant change in intensity. 

‘ The spectrum of (XXII) (not examined or prepared) may 
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be deduced by subtracting an absorption curve obtained by halving all the « values for 
(IX) from the*curve for ¢sorottlerin : 


370 305 270 
10,200 34,000 


Fic. 2. 



































| | 


300 350 
A,my. A,mp. 
Fic. 3. Fic. 4. 





Fic. 1. . 
Rottlerone. 
5 : 7-Dihydroxy-8-cinnamoyl-2-gemdimethylchroman (XI; R = CHPh‘:CH:CO-). 
Fic. 2. isoRottlerin. 
Fic. 3. Tetrahydrorottlerin. 
Fic. 4. Dihydroisorottlerin. 


The curve characteristic of methylphloracetophenone has thus been changed from 345 to 
370 my, with little change in ¢ values, and new bands occur at 305 and 270 my. It is thus 
clear that the cinnamoyl grouping of rottlerin is more important in determining its 
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absorption spectrum than the chromen linkage. The styryl ketones are themselves very 
strongly absorbing : 


Amax.- €max.- Amax.- €max.- Amax. €max.: 
Styryl methyl ketone ............... 287 20,900 —- — _- —- 
Styryl phenyl ketone ............... 307 22,900 ~270 11,200 225-5 10,700 












































we Se 


250 300 350 
A,mu. 
Fic. 8. 
Fic. 5. Tetrahydroallorottlerin. Fic. 7. Octahydroallorottlerone. 
Fic. 6. Octahydrorottlerone. Fic. 8. Compound (IX). 
It is interesting that the spectrum of rottlerone (Fig. 1) is similar to that of (XI; R = 
CHPh:CH-CO) but is not quantitatively given by doubling intensities of absorption. 

The absorption curve of rottlerin should, on the basis of insulation of two ring systems 
by the linking CH,, be intermediate between those of rottlerone and methylphloraceto- 
phenone. The absorption at 350 my is, in fact, much less than that of rottlerone and 
qualitatively the summation effect holds good, but quantitatively it breaks down, again 
presumably because the CH, is a substituent in both ring systems as well as a link between 


them. 
, HO, Ph-H 
(xxi) CHPh:CH-C HCy (XXIV.) 
H H 
OH 
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Fic. 10. 








10,000 


5,000 









































Fic. 12. 


Fic. 9. Ethers of (X; R = Y): » Bi. alloRottlerin pentamethyl ether. 
——_——— Unsubstituted. ———— Dihydrorottlerin pentamethy] ether. 
eo Compound re 


5 : 7-Dimethyl ether. —_——— 0-Triacetyl deriv. of (XIV). 
(XI; R =H). 
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Fic. 13. Fic. 14. 
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H OH 
HO 
OEt 
Fic. 15. Compound (XIII). 
Fic. 16. Compound (XXII) (predicted curve). 
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Rotilerin. Part VI. 


Fic. 18. 
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5 : 7-Dihydroxy-2-gemdimethylchromanone 
> ee — 2-gemdimethylchromanone. 


Me 
M 


OMe 


Me 
H,°CH,°CO,H 


Fic. 20. Rottlerin pentamethyl ether 
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Fic. 21. Fic. 22. 






























































A mu. 
Fic. 23. 


Tetrahydrorottlerin pentamethyl ether : 
———— Experimental. 
alloTetrahydrorottlerin pentamethyl ether : 
Experimental. — x— x— Predicted. 
Upper curve : rottlerone tetramethyl ether. 
Lower curve: rottlerin dimethyl ether. 
Octahydrorottlerone tetramethyl ether. 
alloOctahydrorottlerone tetramethyl ether. 
Dihydroisorottlerin tetramethyl ether. 
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Robertson and his co-workers (see Parts III, IV, and V) attribute the structure (XXIII) 
to the allo-compounds, whereas Brockmann and Maier (/oc. cit.) make use of the formulation 
(XXIV). Absorption spectra data bearing upon this point of difference are inconclusive 
and the decision must rest on other evidence (J., 1939, 1587). 

Spectra of Ethers derived from Rottlerin and its Derivatives.—It is generally accepted 
that the replacement of hydrogen in a hydroxyl group by methyl does not directly involve 
any material change in absorption spectrum; for instance, 

Amax., My. Gues.e 
Pom £8 AICO inn ooo ccc cnc ccc scshoncsscveccdéccosetoesssses 2,050 
Anisole 


2,240 
Resorcinol ..... 2,000 


Resorcinol dimethyl ether .........scssescsssseseseevsueoee 2,190 
Phloroglucinol 
Phloroglucinol trimethyl ether , 465 


Acetylation, on the other hand, may effect a great decrease in intensity of absorption ; 
e.g., phenyl acetate shows ¢ values of the order of one-tenth of those of phenol, and methyl- 
phloracetophenone triacetate is vastly more transparent than the parent substance (XIV) : 


Aaam, _ccrcopecccccccsccocscccsese SOR 238 
Gindes, o0scccnpanescvessceccesccsese | -APOOw 5,800 (persistence poor) 


In the rottlerin series the effects are much more complicated, and the facts have rather 
wide implications in the general problem of correlating structure with absorption. They 
are therefore worth recording in some detail, even if the phenomena are capable of only 
partial explanation. The chroman (XI) is chromophorically equivalent to a monomethyl 
phloroglucinol : 


Amax.; my. €max.- Amax., My. €max.- 
Phloroglucinol 266-5 380 (XII) 270-5 625 
(XI) 272 625 (XIII) 274 800 


COAIk 4nd compound (X) is chromophorically equivalent to (XXV), and, as 

compared with methylphloracetophenone, it shows an increased « value 

HO; Alk (17,800 to 22,500). In these cases mono-etherification brings about a 
€ — definite increase in intensity of absorption. 

OH Introduction of a second methyl group, however, lowers the ¢ values, 

(XXv.) substitution of H in a hydroxyl ortho- to the carbonyl being very effective : 


(¢0-CH,°CH,Ph 

R, \cMe, R, = CHy, Re =H ecececceeses 
/ Cis { 

R, CH, 


The hydroxychromanones are, however, less sensitive to methylation : 


R, =n CH,, R, a pa 


H 
CH, 
CH, 


JH 
R, CO 


R,. 
Ry (Me, H 


The derivatives of cinnamic acid are also interesting in this connection : 


€mex.: Cinnamic acid. 
18,200 p-Hydroxy- ..........00+0- 
p-Methoxy- ..........0000+ 
2:4: 6-Trimethoxy- 
3-methyl- 
6,300 
* Ley and Dreinhofer, Z. wiss. Phot., 1930, 29, 134. 


The striking decreases in ¢,,,,, which occur as a result of methylation are made all the 
more difficult to explain by the absence of such effects in the simple chromanones. It is 
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also significant that simple compounds like o- and #-hydroxyacetophenone maintain their 
characteristic absorption (¢ values) on methylation. 

An interesting point arises in considering the spectra of fully methylated compounds 
in the rottlerin series. In most cases (Figs. 19, 21, 23) selective absorption disappears 
and only moderately intense continuous end absorption remains. Ethers with chromen 
or cinnamoyl groups, however, show a “‘residual’’ selective absorption, but at 290 my 
rather than 350 mp. The probable explanation is that the 350 my band has been displaced 
in the direction of shorter wave-lengths as a result of methylation and by a coincidence is 
liable to be confused with the 290—295 my band present in the hydroxy-compounds. 

The conjugation of the styryl group through carbonyl with phloracetophenone residues 
normally enhances the 350 my absorption; methylation may damp down (reduced ¢ values) 
the absorption due intrinsically to phloracetophone, and at the same time cause the 
350 my absorption to be displaced in the direction of lower wave-lengths : 


. €max.- 
Rottlerin .. wadidbekcdcctidelelasebudbicldeasebee 34,800 
Rottlerin pentamethyl ‘ether .. mn . (general absorption of low intensity) 
Rottlerin dimethyl ether * ................. bene 293 38,100 
Tetrahydrorottlerin ... rd 295 29,000 
Tetrahydrorottlerin pentamethyl ether . esabssnenesnese 291 18,300 
alloRottlerin pentamethy] ether .............ssseseeseeeceeseeees 294 29,300 
Rottlerone .... djikeede ese lebibineensgntnecenennene 290 23,200 
Rottlerone tetramethyl ether* ........ wdedss 291 45,000 


* Position of methyl groups uncertain. 


These considerations are sufficient to disclose the existence of a very difficult problem, 
the core of which is a profound influence exerted by substituents (which are themselves 
transparent) primarily on the probability of a given electronic transition, and in more 
extreme cases on its very possibility. 


The authors wish to express their gratitude to Professor A. Robertson, Dr. A. McGookin, 
and their colleagues, and also to the Egyptian Educational Mission for allowing one of them (Z. S.) 
to take part in this work. 
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194. Quadrivalent Vanadium Lakes of Azo-dyes. 
By H. D. K. Drew and F. G. DunrTon. 


Lakes of quadrivalent vanadium with azo-dyes, each containing two reactive 
substituents (OH, NH,, CO,H) in the 0o’-positions with respect to the azo-group, are 
described. The effects of introducing one or two sulpho-groups into the nuclei of the 
dye are examined, and also that of introducing a p-hydroxyl group. The lakes are of 
two kinds, viz., the vanadyl lakes, which are similar in structure to the principal lakes 
of tervalent chromium, and the vanadi-lakes, in which the metal exerts its full quadri- 
valency in combination with two residues of the azo-dye. The lakes are much less 
stable to mineral acids than the chromium lakes. The co-ordination number of 
quadrivalent vanadium is six. 


THE structure and properties of the lakes formed by a number of azo-dyes with copper 
and other bivalent metals, and with tervalent chromium, iron, and aluminium, have 
already been examined (Drew and Landquist, J., 1938, 292; Drew and Fairbairn, J., 
1939, 823; Beech and Drew, this vol., pp. 603, 608), but lakes of this kind with quadrivalent 
metals have not hitherto been described in the literature. It was of interest to compare 
the behaviour of a metal in this state of valency with that of the metals of lower valency, 
and vanadium was chosen as an example, since its simple compounds have frequently 
been claimed as mordants. Some well-defined lakes of quadrivalent vanadium with 
oo'-disubstituted azo-dyes have now been prepared, the o-substituents being OH, NH,, 
and CO,H. 
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An attempt was made to prepare a quadrivalent vanadium lake of benzeneazo-$- 
naphthol, but no evidence of combination could be obtained. It is probable that, as with 
tervalent chromium, the presence of a single o-hydroxyl group in the molecule of an azo- 
dye is insufficient to hold a quadrivalent vanadium atom in stable combination with the 
azo-group. 

(i) 00’-Dihydroxy-azo-compounds.—o-Hydroxybenzeneazo-f-naphthol, when condensed 
in alcoholic solution with vanadyl chloride, gave anhydrous, green crystals of the bisazo- 
vanadi-complex (I), which was insoluble in water and (possibly for this reason) stable 
towards boiling concentrated hydrochloric acid. It was soluble in benzene and other 
organic solvents, and was co-ordinatively saturated, dissolving in pyridine or aniline but 
not combining with either. Under less acid conditions, moist vanadyl hydroxide being 
used, the condensation in alcohol with the azo-dye gave rise to a mixture of (I) with the 
hydrated vanadyl complex, (II) or (IIa), a dark reddish-brown, crystalline powder, soluble 
in water or alcohol to deep brownish-red solutions, and decomposed by hydrochloric acid 
with regeneration of the azo-dye. On dehydration, 2 mols. of water were lost, whereas 
only 1 mol. was regained on exposure to moist air. When the complex was dissolved 
in pyridine, a crystalline monopyridino-derivative (III) was obtained, which lost its pyridine 
in dry air at 115°. These facts may perhaps be regarded as supporting formula (II), 
rather than (IIa). 


a “ 
Se 
Vv. de <N 


Zo Oo 


(I.) (II.) 


Vanadyl hydroxide and o-hydroxybenzeneazoresorcinol, condensed in alcoholic solu- 
tion, gave only the vanadyl complex (IV), with 24 mols. of water. This substance dis- 
solved in water, giving deep orange-red solutions; mineral acids liberated the azo-dye, 
but aqueous alkalis gave red solutions of their salts with the disengaged hydroxyl of the 
vanadyl complex. 


O 
z 


XK 
(IIE.) N 


_ The sodium salt of o-carboxybenzeneazo-f-naphthol and alcoholic vanadyl chloride 
likewise afforded a reddish-brown vanadyl complex, which, however, was insoluble in 
water, although it dissolved in pyridine to a red solution. The complex could not be 
crystallised and was probably not quite homogeneous; but analysis showed that it 
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contained accurately one vanadium atom per azo-dye residue, so that, apart from the 
question of hydration, the formula must be (V). 

(ii) o-Hydroxybenzeneazo-f-naphthylamine gave, with alcoholic vanadyl hydroxide, 
two lakes, as in the case of o-hydroxybenzeneazo-$-naphthol: (a) the anhydrous bisazo- 
vanadi-complex (V1), which crystallised in brown leaflets, insoluble in water, but soluble 
to brownish-red solutions in benzene or pyridine; it was less stable to concentrated 
hydrochloric acid than (I); and (d) the plum-coloured vanadyl complex, as (II), which was 
somewhat unstable and was not obtained in a pure state (see Experimental). 

(iii) The case of salicylidene-o-aminophenol was examined for comparison with those 
of the azo-compounds. With alcoholic vanadyl hydroxide this gave brown needles of 
the anhydrous vanadyl complex (VII), insoluble in alcohol. This complex was co-ordin- 
atively unsaturated, forming crystalline monopyridino- and monoanilino-derivatives, 
brown and green, respectively; it formed also a monoacetone derivative (indigo-blue 
thombohedra), which lost the acetone, rapidly at 130° and more slowly on standing in 
air, reverting to (VII). 
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(iv) 00’-Dihydroxyazosulphonic acids. 2'-Hydroxy-5’-sulphobenzeneazo-f-naphthol 
and 2’-hydroxybenzeneazo-$-naphthol-6-sulphonic acid gave deep purple-red solutions 
when condensed with aqueous vanadyl hydroxide. On evaporation, the solutions left 
soluble, dark-red, glassy substances, which could not be purified. Analyses indicated 
that the glasses contained the vanadyl complexes, with the sulpho-groups partly free 
(e.g., as in XIV) and partly combined with further vanadyl vanadium. Aqueous ammonia 
or sodium hydroxide set free the ionised vanadium, as vanadyl hydroxide, without affecting 
that of the co-ordinated group, so that the ammonium or sodium salts of the vanadyl 
complexes were produced; these salts could be isolated by fractional precipitation of the 
aqueous solution with ammonium or sodium chloride: the vanadyl hydroxide separated 
first, being readily distinguishable from the salts of the vanadyl complexes. In this way 
were obtained the crystalline hydrated sodium salt (VIII) of the vanadyl complex of the 
5’-sulpho-dye, a purplish-red substance, readily soluble in water, and the hydrated 
ammonium salt (IX) of the vanadyl complex of the 6-sulphonic acid, which in substance 
was purpler in shade gaan on fibres). 
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2’-Hydroxy-5’-sulphobenzeneazoresorcinol similarly gave a dark orange-red glass, 
from which the diammonium salt pentahydrate (X) and disodium salt (XI), with 74 H,0, 
of the vanadyl complex were prepared. These salts crystallised from aqueous ammonium 
and sodium chloride, respectively, illustrating the interesting point that the 4-hydroxyl 
group of the azo-dye is considerably acidic in character. The vanadyl derivatives of this 
azoresorcinol all gave orange or brownish-red solutions, devoid of the purplish or rose-red 
tints of the derivatives of the foregoing pair of azo-8-naphthol dyes. 

2'-Hydroxy-5’-sulphobenzeneazo-f-naphthol-6-sulphonic acid and aqueous vanadyl 
hydroxide afforded a deep rose-red glass, readily soluble in cold water, consisting of the 
vanadyl salt of the vanadyl complex (XII), with 16H,O. When the unco-ordinated vanadium 
was removed from this substance by means of ammonia, the diammonium salt of the 
vanadyl complex (XIII), with 3}H,O, was obtained in bright-red needles, soluble in water. 


2H,O OH 
Raa ae 


(xIV.) own 


None of the foregoing vanadyl derivatives of the azo-sulphonic acids was stable towards 
aqueous mineral acid, and this explains why the derivatives cannot well be prepared 
from vanadyl chloride in the absence of bases. Vanadyl hydroxide, if present in excess, 
neutralised the sulpho-groups of the vanadyl lakes (e.g., XIV); the crude lakes obtained 
were therefore, in general, mixtures of the lakes of the type of (XIV) and their vanadyl 
salts. Confirmatory evidence was found from experiments on the dyeing of animal fibres 
with the crude lakes and their salts: the salts did not dye fibres in absence of acids, but 
the crude lakes did so, usually in old-rose tints (except in the case of the lake of o-hydroxy- 
benzeneazoresorcinol, where the shade was orange-brown). This behaviour indicates 
that the lakes of type (XIV) are stable in aqueous solution in the absence of mineral acid. 
The fastness properties towards acids and alkalis of the dyeings with the vanadyl lakes, 
although superior to those of the free dyes, were much inferior to those of the corresponding 
chromium lakes. 

The structures and chemical properties of the lakes described in this paper afford 
evidence that the co-ordination number of quadrivalent vanadium is six, and not five— 
as has sometimes been proposed. The vanadi-lakes, (I) and (VI), illustrate this point 
particularly clearly. There is an interesting comparison between the structures of (I) 
and of the acid chromi-complex of o-hydroxybenzeneazo-f-naphthol (Drew and Fairbairn, 
loc. cit., p. 826) : in combination with two residues from this dye, the negatively charged 
tervalent chromium atom assumes identically the same state as the neutral quadrivalent 
vanadium atom. Thus, whilst the tervalent chromium atom associates itself with nine 
additional electrons, the atom of quadrivalent vanadium associates itself with eight. 
The stereochemistry of the vanadi- and vanadyl lakes now described may probably be 
regarded as identical with that suggested (idem, ibid.) for the chromium lakes, the vanadium 
atom having octahedral symmetry; ¢.g., in (I) the median planes of the azo-dye residues 
are mutually perpendicular, and in (II) the median plane of the azo-dye residue is per- 
pendicular to that containing the metallic atom, the doubly bonded oxygen atom and the 
co-ordinated water molecule. Thus, the component nuclei of the azo-dye not being 
similar, the vanadi-lakes must be dissymmetric; and the vanadyl lakes must also be 
dissymmetric, since the oxygen atom doubly bound to the metal can only occupy cis- 
positions of the octahedron. The skeleton (XV), where the 5-ring is arbitrarily associated 
with the naphthalene nucleus, shows the best positions of the double bonds, as regards 
freedom from strain (only one azo-dye residue is illustrated, the remaining three groups 


or atoms attached to vanadium occupying positions 1, 4, and 6 of the octahedron). 
4B 
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EXPERIMENTAL. 


Materials—The vanadyl hydroxide employed was obtained by nearly neutralising an 
aqueous solution of vanadyl chloride with aqueous ammonia (d 0-88); the green precipitate 
was washed with hot water, drained, and used in a moist condition. It reacted readily 
with the azo-dyes in aqueous or alcoholic solution, but, if it was dried, the hydroxide became 
a much less reactive indigo-blue mass. Vanadyl chloride was used in 50% aqueous 
solution. 

o-Hydroxybenzeneazo-B-naphthol._—(i) The dye (1 g:) in alcohol (200 c.c.) and the 50% 
vanadyl chloride solution (1 c.c.) were mixed and boiled under reflux for 3 hours. Well-defined, 
green plates of the complex (I) separated, and were washed with water, alcohol, and ether, and 
dried in air (yield, 0-35 g.) (Found: C, 66-4; H, 3-8; V, 8-9. C,,H,.O,N,V requires C, 66-75; 
H, 3-5; V, 885%); the powdered crystals did not lose weight at 170°. The complex was 
insoluble in water and stable to hot concentrated hydrochloric acid; it was recovered unchanged 
from its brown solutions in benzene, pyridine, and aniline. 

(ii) When the dye (1 g.) and moist vanadyl hydroxide (1 g.) were added to alcohol (150 c.c.) 
and the mixture boiled under reflux for 5 hours, the hydroxide slowly dissolved; the dark 
reddish-brown liquid was filtered from (I) and a little undissolved vanadyl hydroxide, and 
allowed to evaporate: the residue was a brown crystalline powder, which was extracted with 
ether, to remove any unchanged dye, and recrystallised from alcohol, affording brown micro- 
crystals (yield, 0-4 g.) of the vanadyl complex, (II) or (IIa), soluble in water and in most other 
solvents (except ether) to red or reddish-brown solutions (Found: C, 52-4; H, 3-9; V, 13-7; 
loss at 130°, 9-95. C,,.H,,O,;N,V,2H,O requires C, 52-6; H, 3-85; V, 13-95; 2H,O, 9°85%); 
the desiccated material regained 1H,O in moist air (Found: regain of~4-95% of weight of 
anhydrous substance. Calc.: 5-45%). It separated from hot water in small plates; and from 
pyridine in bronzed crystals of its monopyridino-derivative (III) (Found: loss of pyridine at 
115°, 19-7. C,,H,,O,N,V,C;,H,N requires C;H,N, 19-4%). Even dilute hydrochloric acid 
soon decomposed (II), liberating the original azo-dye. 

o-Hydroxybenzeneazoresorcinol.—To an alcoholic solution (1 g. in 200 c.c.) of the dye (m. p. 
184°, decomp.) was addéd moist vanadium hydroxide (1 g.), and the whole boiled under reflux 
for 6 hours. The filtered, dark brown solution left, on evaporation, a sticky, black material, 
possibly an alcoholate; but if water was added to the solution before evaporation, brown 
crystals were obtained. These were extracted with ether, and the residue recrystallised from 
75% alcohol: the vanadyl complex (IV) separated as an almost black powder (0-2 g.), which 
was dried in air (Found: C, 42-7; H, 3-7; V, 14:7; loss at 130°, 12-9. C,,H,O,N,V,2$H,O 
fequires C, 42-4; H, 3-8; V, 15-0; 24H,O, 13-2%); it was soluble in water to an orange-red 
solution, and in alkalis to red solutions; aqueous acids liberated the original azo-dye. 

o-Carboxybenzeneazo-B-naphthol.—The sodium salt (red needles) prepared from 0-5 g. of 
the dye was refluxed with alcohol (200 c.c.) and 50% vanadyl chloride solution (0-3 c.c.) for 
3 hours, a brick-red powder separating; more of the same powder was obtained on evaporating 
the filtrate. The product was extracted with ether and then with water to remove impurities ; 
it was now insoluble in water and sparingly soluble in alcohol, but soluble in pyridine to a deep 
red solution. Analysis of the powder (Found: C, 53-1; H, 3-9; V, 13-3. C,,H,O,N,V,14H,O 
requires C, 53-15; H, 3-4; V, 13-3%) showed that it contained 17 carbon atoms per atom of 
vanadium as would be required for the vanadyl complex (V), but only 1-5% loss of water was 
found on dehydration; the substance could not be recrystallised, and it must be concluded 
that it was probably not homogeneous. 

o-Hydroxybenzeneazo-B-naphthylamine—The dye (1 g.; m. p. 192—193°) was dissolved 
in alcohol (150 c.c.), and moist vanadyl hydroxide (0-75 g.) added; when the mixture was 
boiled under reflux (3 hours), brown leaflets of the bisazo-vanadi-complex (V1) separated (yield, 
0-4 g.) (Found: C, 66-4; H, 4:3; V, 9-0. C,,H,,O,N,V requires C, 67-0; H, 3-85; V, 8-9%), 
which did not alter in weight at 115°. It was soluble in benzene and in pyridine (brownish- 
red solutions); concentrated hydrochloric acid slowly decomposed it. The alcoholic filtrate 
from (VI), when allowed to evaporate, deposited a reddish-brown solid, which was extracted 
with ether to remove unchanged dye and then recrystallised from alcohol; the plum-coloured 
solid which separated consisted of the vanadyl complex, as (II), but was not obtained pure 
(Found : C, 52-2; H, 4:3; V, 12-6. C,,H,,O,N,V,2H,O requires C, 52-6; H, 4:1; V, 140%); 
the complex appeared to be oxidised on standing in air. 

Salicylidene-o-aminophenol.—The azomethine (1 g.; m. p. 183°), moist vanadyl hydroxide 
(0-75 g.), and alcohol (200 c.c.) were boiled under reflux for 3 hours; brown, tabular crystals 
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(0-4 g.) of the vanadyl complex (VII) separated, and were washed with alcohol and dried in air 
(Found: C, 55-95; H, 3-25; V, 18-15. C,,;H,O,NV requires C, 56-1; H, 3:25; V, 18-3%); 
there was no loss in weight at 140°. The complex dissolved in hot pyridine to an almost black 
solution, from which, on dilution with 5 vols. of water, the monopyridino-derivative, as (III), 
separated in pale-brown needles (Found: C, 60-0; H, 40; V, 14:75. C,,H,O,NV,C,H,N 
requires C, 60-5; H, 3-9; V, 14:3%); it was soluble in alcohol to a yellow solution. The brown 
solution of (VII) in aniline gave, on being kept, small, bright green needles of the monoanilino- 
derivative, which were dried in air (Found: C, 61-3; H, 4-6; V, 13-3. C,,H,O,NV,C,H,*-NH, 
requires C, 61-45; H, 4-3; V, 137%); the aniline mother-liquor later gave a crop of dark brown, 
silky needles, which, when washed with a little alcohol and dried in air, gave an analysis sug- 
gesting that the substance was a polyanilino-derivative of (VII) (Found: C, 68-0; H, 5-15; 
V, 59. C,;H,O,NV,6C,H,*-NH, requires C, 70-3; H, 6-1; V, 6-1%). When the above prepar- 
ation of (VII) was repeated in acetone as solvent, with the addition of concentrated aqueous 
ammonia (0-5 c.c.), the monoacetone derivative of (VII) separated in small indigo-blue rhom- 
bohedra (0-1 g.), insoluble in acetone and at once decomposed by other solvents; on being 
heated at 130° it lost the acetone (Found : COMe,, 14-25. C,,H,O,NV,C,H,O requires COMe,, 
17-25%), which was identified as the 2 : 4-dinitrophenylhydrazone. 
2'-Hydroxy-5'-sulphobenzeneazo-B-naphthol.—The dye (1 g.) in water (150 c.c.) was mixed 
with moist vanadyl hydroxide, and the whole refluxed (6 hours), the colour of the solution 
becoming deep purplish-red. The filtered liquid was allowed to evaporate to dryness, and left 
a dark red, glassy solid; solution of this in ammonia afforded thin, red-brown plates of the 
ammonium salt of the vanadyl complex (XIV). The sodium salt (VIII) was analysed (Found : 
C, 35-25; H, 3-4; V, 9-6; loss at 150°, 21-8. C,,H,O,N,SNaV,6}H,O requires C, 35-05; H, 
4-0; V, 9-3; 6$H,O, 21-35%); the salt was almost black, with purplish-red streak; after being 
desiccated, it regained in moist air about 24 mols. of water (2 days). 
2'-Hydroxybenzeneazo-B-naphthol-6-sulphonic Acid.—The complex was prepared as in the 
last case. The glassy product was purpler in shade than that from the previous azo-dye. It 
was dissolved in a little water, and a slight excess of aqueous ammonia added; the filtered 
liquid was gradually precipitated by adding solid ammonium chloride, vanadyl hydroxide 
separating in the first crops and then the reddish-black ammonium salt (IX), which did not 
crystallise (Found: C, 34:5; H, 5-1; V, 7-9; loss at 170°, 18-9. C,,H,,O,N,SV,74H,O 
requires C, 34-2; H, 5-0; V, 9-1; 6}H,O, 20-85%). 
2’-Hydroxy-5'-sulphobenzeneazoresorcinol.—Condensation with vanadyl hydroxide, as above, 
afforded a very dark red glassy mass, easily soluble in cold water, which appeared to be a vanadyl 
salt of the vanadyl complex (Found: C, 24-25; H, 3-4; V, 16-55; loss at 170°, 161%); it 
could not be purified. When the orange-red aqueous solution of the glassy salt was treated 
with ammonia, and the filtered liquid fractionally precipitated with ammonium chloride, dark 
red needles of the diammonium salt pentahydrate of the vanadyl complex (X) were obtained 
(Found: C, 29-1; H, 46; V, 10-15; loss at 145°, 18-35. C,,H,,0O,N,SV,5H,O requires C, 
28-85; H, 4-8; V, 10-2; 5H,O, 18-05%); the desiccated salt regained 2H,O in moist air. The 
disodium salt (with 7$H,O) of the vanadyl complex (XI) was also obtained (Found: C, 26-2; 
H, 3-5; V, 9-0, 9-25; loss at 140°, 18-65. C,,H,O,N,SNa,V,7}H,O requires C, 26-0; H, 3-8; 
V, 9-2; loss of TH,O and gain of 4CO,, 18-75%); it formed dark red, rectangular needles, with 
green reflex, soluble in water to an orange-red solution. (The disodium and the diammonium 
salt of the vanadyl complex of this dye were decomposed when desiccated at 140—150° in a 
stream of air, dried by means of phosphoric oxide but containing carbon dioxide, the ammonium 
group or sodium atom at the 4-hydroxyl being set free as carbonate. Allowance has been 
made for this in the case of the desiccation of the disodium salt, but not in that of the 
diammonium salt, because the ammonium carbonate formed was there partly volatilised.) 
2’-Hydroxy-5'-sulphobenzeneazo-B-naphthol-6-sulphonic Acid.—Condensation, as above, of 
the dye and moist vanadyl hydroxide in aqueous solution, gave a purplish-red solution, affording 
a deep red glassy mass which, recovered from its filtered aqueous solution, was probably the 
hydrated vanadyl salt of the vanadyl complex (XII) (Found: C, 28-8; H, 3-75; V, 12-1; loss 
at 160°, 19-2. C,,H,,0,.N,S,V3,16H,O requires C, 28-85; H, 3-75; V, 11-5; 16H,O, 21-65%). 
The salt was readily soluble in water to a deep rose-red solution, which, on treatment with 
ammonia as above, yielded the hydrated diammonium salt of the vanadyl complex 
(XIII), as small, bright red needles (Found: C, 32-65; H, 465; V, 86; loss at 170°, 
9-9. C,.H,,O,N,S,V,3}H,O requires C, 32-75; H, 3-95; V, 8-7; 3}H,O, 10-75%); the desic- 
cated salt regained 14 mols. of water in moist air. ; 
Analysis.—In the analysis of the sodium salts of the vanadyl complexes by ignition in a 
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micro-muffie with sulphuric acid, the residue consisted of sodium sulphate and vanadium 
pentoxide, sodium vanadate not apparently being formed at a low-red heat. 
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195. Phthalocyanines and Related Compounds. Part XVII. Inter- 


mediates for the Preparation of Tetrabenzporphins: Acids derived 
from Phthalimidine. 


By R. P. LinsTEapD and G. A. Rowe. 


Iminophthalimidine condenses with malonic ester and acetoacetic ester to yield 
unsaturated derivatives of phthalimidine. From the product with malonic ester, 3- 
carboxymethylenephthalimidine has been obtained. The “ dihydrate”’ of this sub- 
stance is the monohydrate of o-carbamylbenzoylacetic acid. 

The reduction of both these substances leads to 3-carboxymethylphthalimidine or 
the corresponding open-chain compound, 6-hydroxy-$-o-carbamylphenylpropionic acid. 


RECENT work (Helberger, Annalen, 1937, 529, 205, and subsequent papers; Dent, J., 
1938, 1; Barrett, Linstead, and Tuey, J., 1939, 1809) has shown the importance of sub- 
stances containing the skeleton (I) or (II) as intermediates for the preparation of compounds 
of the tetrabenzporphin group. Two substances of particular interest from this point “ 
view are the acids (III) and (IV). These have received a variety of names in the 

to avoid any possible ambiguity we shall call them 3-carboxymethylenephthalimidine In) 
and 3-carboxymethylphthalimidine (IV) respectively. This paper is concerned with the 
preparation of these substances and with certain aspects of their chemistry. 


C.CH°CO,H CH-CH,°CO,H 


/ ae 


We find that iminophthalimidine (V) (Braun and Tcherniac, Ber., 1907, 40, 2709) 
condenses with malonic and acetoacetic esters.* With the latter, condensation occurred in 
the absence of catalyst at 140°, with the evolution of ammonia and heat; the product 
(VI, X = CO-CH,) was formed in good yield. The reaction with malonic ester went less 


readily but in the same way to give 3-dicarbethoxymethylenephthalimidine (“ phthalimidy]l- 
malonic ester”; VI, X = CO,Et). 


C:CX-CO,Et 


CH,X°CO,Et 
— 


NH (VI.) 


cb 


Iminophthalimidine may be considered as an internally acylated benzamidine. The 
condensation is of a type which seems to be new in benzamidine chemistry. 

The condensation products were shown to be of type (VI) and not to have the isomeric 
hydrindone or open-chain (0-cyanobenzoyl) structure by the fact that both were readily 
oxidised to phthalimide in excellent yield. Vigorous hydrolysis of 3-dicarbethoxymethyl- 
enephthalimidine (VI, X = CO,Et) with aqueous alcoholic baryta yielded a monobasic 
acid, C,)H,O,N. Products containing some dibasic acid were obtained under other 


* These sogetnente were suggested by a discovery by Mr. N. H. Haddock in the Laboratories of 
the Dyestuffs Group of Imperial Chemical Industries, Ltd., details of which will be published later. 





[1940] Phthalocyanines and Related Compounds. Part XVII. 1071 


conditions, but the malonic acid corresponding to (VI) could not be isolated in the pure 
condition. The monobasic acid has been proved to be 3-carboxymethylenephthalimidine 
(III). It can be crystallised from boiling water, separates in the anhydrous form, and melts 
at 220°. On oxidation with permanganate it gives phthalimide readily and quantitatively. 
On treatment with diazomethane, it yields a methyl ester, m. p. 125°, which also is readily 
oxidised. Reduction of the acid yields 3-carboxymethylphthalimidine (IV). . 

The literature relating to the acid (III) shows some discrepancies. It had previously 
been prepared (Gabriel and Michael, Ber., 1877, 10, 1551) by the action of aqueous ammonia 
on phthalylacetic acid, followed by acidification, and was originally taken to be phthalyl- 
acetamide, on the basis of the erroneous formulation of phthalylacetic acid as a derivative 
of hydrindene. Subsequently Roser (Ber., 1884, 17, 2623) showed it to be an acid and 
suggested it was a double-bond isomeride of (III) ; finally Gabriel (Ber., 1885, 18, 2451) gave 
it the present formula. Gabriel and Michael state that it can be crystallised from hot 
water, is anhydrous, and melts at 200°. On the other hand Dent (loc. cit.), by the same 
reaction, obtained the acid as a “‘ dihydrate ” which was decomposed by boiling water and 
melted at 120°. 

We have repeated this work and confirmed both sets of observations. The essential 
difference lies in the temperature of acidification. If the acid is liberated with ice-cooling 
the “ dihydrate ” described by Dent is obtained; if without special precautions, then the 
product is anhydrous carboxymethylenephthalimidine. This substance melts at 220° and 
is identical with that prepared from the condensation product of iminophthalimidine and 
ethyl malonate. It seems probable that Gabriel’s material, m. p. 200°, contained some of 
the 120° acid. The position of the double bond proposed by Gabriel is proved by the 
behaviour on oxidation already mentioned. 

What, then, is the structure of the “ dihydrate,” m. p. 120°? When its solution in 
alkali is acidified at room temperature, the 220° acid is precipitated. On the other hand 
it is not possible to convert the 220° acid into the 120° form by any treatment with water 
or by acidification of ice-cold solution of its salts. It is, therefore, evident that some at 
least of the “ water of hydration” is chemically combined. Esterification with diazo- 
methane yielded a methyl ester, m. p. 117°, which depressed the m. p. of 3-carbomethoxy- 
methylenephthalimidine (m. p. 125°). The new ester was much more soluble in water 
than the latter and had the molecular formula C,,H,,0,N, i.e., the molecule was larger 
by one element of water. No water was eliminated by heating the ester at 110°, whereas 
the parent acid (m. p. 120°) lost water readily at 80°. The dehydration was not quantit- 
ative, being accompanied by secondary decomposition. The “‘ dehydrated” material 
yielded the same methyl ester, m. p. 117°, as the original acid, and not the cyclic ester of 
m. p. 125°. 

It thus became evident that the 120° acid was the monohydrate of an acid C,)H,O,N, 
and not the dihydrate of one C,,)H,O,N. It does not contain the phthalimidine ring, 
but is o-carbamylbenzoylacetic acid (VII). Its easy conversion into 3-carboxymethylene- 
phthalimidine involves the cyclodehydration of the enolic form. 


J 0 CHa COH 
Xx 


(VII), monohydrate, m. p. 120°. (IIT), m. p. 220°. 


CO-NH, 


Precisely the same cyclisation occurs with the methyl ester of (VII), which yields the 
methyl ester of (III) when its aqueous solution is acidified. 

The absence of a double bond in the 120° acid is shown by its resistance to oxidation with 
alkaline permanganate, even at 100°. Acidification of the resulting solution at room 
temperature yielded the unsaturated acid (III) by the cyclisation of unoxidised keto-acid 
(VII). This recovery of a compound, itself oxidised with great ease, after a process of 
vigorous oxidation is an interesting paradox. There is clearly no tendency for the cyclis- 
ation (VII —-> III) in alkaline solution. The methyl ester of the keto-acid (VII) failed 
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to yield ketonic derivatives owing to the ease of cyclisation in faintly acid solution: even 
treatment with semicarbazide acetate gave the cyclic ester, m. p. 125°. The keto-acid 
gave an immediate orange precipitate with 2 : 4-dinitrophenylhydrazine, but the derivative 
has not been obtained analytically pure. 

The formulation of the 120° acid as a substituted benzoylacetic acid also explains its 
easy decarboxylation in boiling water, as against the comparative stability of the 220° 
acid. The product is 3-methylenephthalimidine (IX) (Dent, loc. cit.), which is possibly 
formed through the enolic modification of the amide of acetophenone-o-carboxylic acid : 


JN OH 
(VII) —> | |i 


\W\co-NH, 
(VIII), as enol. 


The mechanism of this change cannot, however, be regarded as settled, because Helberger, 
von Rebay, and Hevér (Annalen, 1938, 583, 197) have isolated a substance which appears 
to be the amide (VIII), and this is stable to boiling water. 

There are many analogies for the formation of an open-chain keto-compound from 
phthalylacetic acid. Gabriel (Ber., 1885, 18, 2451) obtained the keto-methylamide, 
corresponding to (VII), by the action of aqueous methylamine, and noticed its dehydration 
by means of acid to the N-methyl derivative of (III). Other similar observations have been 
made with benzylidenephthalide, and in the work of Mertens (Ber., 1886, 19, 2367). 

3-Carboxymethylphthalimidine (With F. G. RUNDALL).—Reduction of 3-carboxy- 
methylenephthalimidine in aqueous alkali with sodium amalgam yielded the corresponding 
dihydro-acid, C,j)H,O,N, m. p. 180°, in 90% yield. The saturated acid gives a methyl 
ester, m. p. 140°. The acid is identical with that prepared by the action of alkali on o- 
cyanocinnamic acid (Edwards, J., 1926, 816), which was shown by Rowe, Haigh, and Peters 
to be isoindolinone-3-acetic acid (3-carboxymethylphthalimidine) (J., 1936, 1101). 
Material prepared by this method gave an identical methyl ester. The structure is proved 
by the new preparation from a compound which undoubtedly contains the iSoindole ring, 
and by the fact that decarboxylation over copper bronze yielded 3-methylphthalimidine, 
identical with authentic material. 

Whereas reduction of the unsaturated acid (III) gave 3-carboxymethylphthalimidine 
under all the conditions tried, the reduction of the keto-acid, m. p. 120°, by sodium amal- 
gam gave two products. If both the reduction in aqueous solution and the subsequent 
acidification were carried out at room temperature, the product was 3-carboxymethyl- 
phthalimidine. If all the operations were performed at 0°, the product, although very 
similar in solubility and appearance, and having practically the same melting point, had the 
composition C, 9H,,0,N, #.e., the molecule was larger by H,O. The same “hydrated” 
material was formed by reduction in methanol at 50°, followed by acidification at 0°. 

We believe that the new acid is the open-chain secondary alcohol (X) corresponding 

to the keto-acid (VII) and not a simple monohydrate of (IV). 
J (HOH) CH CO gH The principal reasons are: (a) The method of preparation, and 
} | the fact that the “ hydrated” acid is not obtained from the 
+ Sn (x.) reduction of the unsaturated acid. (6) The fact that the water 
.. can only be eliminated irreversibly. The “ hydrated” acid 
loses a molecule of water without secondary decomposition when heated at 110°, but it 
has not been found possible to induce the cyclic acid (IV) to take up water. The same 
cyclisation (X —-> IV) is brought about by treatment with dilute acid at the boiling point 
but not at room temperature. (c) The “ hydrated ”’ acid is slowly oxidised by permangan- 
ate, unlike the cyclic acid (IV). The “ hydrated” acid, C,,H,,0,N, is therefore regarded 
as B-hydroxy-B-o-carbamylphenylpropionic acid. 

A contradictory fact is that treatment of (X) with diazomethane yields the methyl 

ester of (IV), m. p. 140°. This would suggest that the new acid is merely a monohydrate 
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of (IV), were it not that the rest of the evidence points so strongly in the other direction. 
We have not succeeded in preparing a simple ester of the hydroxy-acid. 

The production of the saturated cyclic acid (IV) by the reduction of the keto-acid (VII) 
resembles that of benzylphthalimidine from o-carbamyldeoxybenzoin (Gabriel, Ber., 1885, 
18, 2434). The cyclisation probably accompanies the liberation of the acid on the acidific- 
ation of the strongly alkaline solution. The simple reduction of the keto-acid to the 
secondary alcohol (X) parallels precisely the behaviour of the corresponding methylamide, 
which yields the N-methyl homologue of (X). This can be converted into 2-methyliso- 
indolinone-3-acetic acid by heat (Gabriel and Giebe, Ber., 1896, 29, 2524). 

o-Cyanocinnamic acid has been mentioned above as an intermediate in one synthesis 
of 3-carboxymethylphthalimidine. Its reduction by means of sodium amalgam in methanol 
has been found by Mr. G. A. P. Tuey to give $-o-cyanophenylpropionic acid in excellent 
yield. The product is identical with that obtained by Edwards (loc. cit.) by electrolytic 
reduction of the corresponding allo-acid. The methyl ester is a liquid, which is of interest 
in view of Mitchell and Thorpe’s demonstration (J., 1910, 97, 2271) that the supposed 
ethyl o-cyanophenylpropionate (a solid) of Gabriel and Hausmann (Ber., 1889, 22, 2017) 
was a derivative of hydrindone. The fact that the cyano-acid had not undergone conver- 
sion into a cyclic isomeride during reduction was proved by its hydrolysis to 8-o-carboxy- 
phenylpropionic acid. 

The conversion of some of these intermediates into macrocyclic pigments is discussed 
in Part XIX. 


EXPERIMENTAL. 


(1) Condensations of Iminophthalimidine.—(a) With ethyl acetoacetate. Preliminary experi- 
ments showed that only very poor yields of condensation product were obtained above 140°, 
The following comparative experiments were performed by heating 3 g. of the imino-compound 
with the ester at this temperature. The last line gives the yield of unsaturated ester (VI, 
X = CO-CH;). 

Equivalents of ester ..........+0+ 1 1 2 3 3 6 


Time (minS.) ......ccecceceecseceeeseeee 120 15 =—-:120 15 20 15 
getline Seiten 20 17 40 70 35 


The reaction in all cases was exothermic and ammonia was evolved. The product was worked 
up as follows: Unchanged ester was recovered by distillation under reduced pressure. The 
residue was shaken with ether (100 c.c.). The insoluble residue was phthalimide, formed by 
a side reaction, no iminophthalimidine being recovered. The ethereal extract was freed from 
solvent, and the residue extracted with 500 c.c. of light petroleum (b. p. 90—120°) containing 
5% of acetone. The extract was concentrated to about 100 c.c.; ethyl phthalimidyl-3-aceto- 
acetate (VI, X = CO’CH,) was deposited in pale yellow needles, m. p. 101° after recrystallisation 
from light petroleum (Found: C, 64-85, 64-7; H, 4-8, 4-9. C,,H,,0,N requires C, 64-8; H, 
5:1%). The ester was soluble in cold aqueous alkali, but an alcoholic solution gave no colour 
with ferric chloride. Bromine in chloroform was slowly decolorised. The ester could not be 
catalytically hydrogenated under a variety of conditions. 

The optimum yield of 70% could also be obtained in runs of 100 g. Poor or negligible yields 
were obtained in the presence of piperidine, acetic acid, sodium acetate or ammonium molybdate. 
When o-cyanobenzamide was used in place of iminophthalimidine, there was no reaction at 100°, 
during short runs, and considerable tar-formation when either the time was prolonged or the 
temperature raised. 

3-0 G. of phthalimidylacetoacetic ester, suspended in 50 c.c. of aqueous sodium bicarbonate, 
were treated with mechanical stirring with 100 c.c. of 3% potassium permanganate solution. 
The colour was discharged inanhour. The product was cleared with sulphur dioxide, and the 
phthalimide collected by filtration, more being recovered by constant extraction of the filtrate 
with ether. Yield 96%, m. p. 227°, mixed m. p. 231°. 

(b) With ethyl malonate. Under the best conditions described above, the yield of condens- 
ation product from ethyl malonate was only about 10%, and in a number of experiments below 
the b. p. of the ester no yield above 16% was obtained. The best yield (39%) was obtained by 
the use of 3 equivs. of the malonic ester, the temperature being raised to the b. p. (199°) and 
held there during 20 minutes. In the evolution of heat and ammonia, and in the formation of 
phthalimide, the reaction resembled that with ethyl acetoacetate. The product from 100 g. 
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of iminophthalimidine was freed from the excess of malonic ester under reduced pressure, and 
the residue dissolved in 300 c.c. of warm acetone. The solution was cooled and diluted with 
4 1. of ether, which precipitated phthalimide. The filtered solution was evaporated to a syrup. 
This was extracted thrice with a boiling mixture of 2 1. of petroleum (b. p. 90—120°) and acetone 
(150 c.c.), which left a tarry residue. The combined extracts on concentration yielded 3-di- 
carbethoxymethylenephthalimidine (VI, X = CO,Et), which was finally crystallised from light 
petroleum. Yield 35%; m. p. 104—105°* (Found: C, 62-4; H, 5-0. C,,H,,0;N requires 
C, 62-3; H, 5-2%). The use of piperidine as a catalyst did not improve the yield. Chromato- 
graphic purification was without benefit. 

The ester formed pale yellow crystals insoluble in aqueous alkali and giving no ferric chloride 
reaction. The reaction with bromine in chloroform was very slow. The ester resisted catalytic 
hydrogenation. It was not reduced by sodium amalgam in aqueous alcohol at 0—20°, and 
in alcohol at 50—60° some hydrolysis to carboxymethylenephthalimidine occurred but no 
reduction was detected. 

3 G. of 3-dicarbethoxymethylenephthalimidine were oxidised with 150 c.c. of 3% potassium 
permanganate solution in the manner described above for the acetoacetic ester. Yield of 
phthalimide 97%, m. p. 228°, mixed m. p. 231°. 

3-Dicarbethoxymethylenephthalimidine (10-0 g.) was refluxed vigorously for 64 hours with 
27 g. of baryta in 400 c.c. of 50% alcohol. A yellow sludge was removed by filtration, and the 
solution acidified and extracted continuously with ether for 4 hours. The extract left a crude 
acid, which was crystallised from alcohol. Yield of 3-carboxymethylenephthalimidine 6-2 g. 
(95%), m. p. 220° (Found: C, 63-6; H, 3-7; N, 7-5; equiv., 183-0. Calc. for C,gH,O,N : 
C, 63-5; H, 3-7; N, 7-4%; equiv., 189-0. When the acid was crystallised from water 3, 4 
and 6 times, the analytical figures were respectively : C, 63-8; H, 3-6; C, 64:3; H, 3-6; and 
C, 64-5; H, 37%. This indicates a progressive slow decarboxylation). 

Hydrolysis of the dicarbethoxymethylenephthalimidine with boiling aqueous baryta gave 
an acid, m. p. 162° (equiv., 142-0). Gentle refluxing with aqueous-alcoholic baryta gave a similar 
product, which clearly contained some dibasic acid. Hydrolysis with cold aqueous or aqueous- 
alcoholic alkali gave intractable gums. Boiling aqueous-alcoholic alkali gave the acid, m. p. 
220°, but in worse yield than that obtained by the process described above. 

3-Carboxymethylenephthalimidine (5-0 g.) was esterified with diazomethane in the usual 
manner. The methyl ester (4-4 g.) melted at 124—125° after crystallisation from alcohol (Found : 
C, 65-0; H, 4-4; N, 6-8. C,,H,O,N requires C, 65-0; H, 4:5; N, 6-9%). It was sparingly 
soluble in water and was readily oxidised by potassium permanganate. The acid (1 g.), dis- 
solved in sodium bicarbonate solution, was oxidised with permanganate; phthalimide, m. p. 
230°, was rapidly produced in quantitative yield. 

(2) The Action of Ammonia on Phthalylacetic Acid.—(a) Finely ground phthalylacetic acid 
(40 g.) (Gabriel and Neumann, Ber., 1893, 26, 951) was added slowly to a stirred mixture of 
aqueous ammonia (40 c.c., d 0-880) and water (400 c.c.) at room temperature. Stirring was 
continued for } hour and the turbid liquid was then filtered and acidified with an excess of dilute 
hydrochloric acid (1 : 1) without cooling. The mixture was stirred for about an hour, and the 
yellow solid collected and dried at 40°; m. p. 216°, and 220° after careful crystallisation from 
hot water. Yield, 22g. It was identified with the 3-carboxymethylenephthalimidine prepared 
above by mixed m. p. (220°), analysis (Found: C, 63-7; H, 38%; equiv., 187), and conversion 
into the methyl ester, m. p. and mixed m. p. 124—125° (Found: C, 65-0; H, 45%). 

(b) Following Dent (loc. cit.), the amination and acidification were carried out at 0—5°. 
The monohydrate of o-carbamylbenzoylacetic acid (VII) so obtained (35 g. from 40 g. of phthalyl- 
acetic acid) was dried at 40°. It melted at 120° as reported by Dent, and began to melt at about 
100° in admixture with 3-carboxymethylenephthalimidine. The acid, which could not be 
crystallised from hot water, was obtained as a pinkish powder. 

A solution of 5 g. of the acid, m. p. 120°, in dilute sodium hydroxide solution (or in aqueous 
ammonia) was stirred at room temperature with an excess of hydrochloric acid (1:1) for 90 
minutes. 3-Carboxymethylenephthalimidine was precipitated as a yellow powder (3-5 g.), 
m. p. 220° after crystallisation from hot water. Similar treatment of the 220° acid successively 
with alkali and acid at 0° failed to produce the 120° acid. Both acids readily yielded ammonia 
when warmed with caustic soda solution. 

A solution of 5 g. of the keto-acid (VII) in aqueous sodium bicarbonate was treated slowly 
with 3% permanganate solution, first at 20° and subsequently on the steam-bath. There was 


° wee is reason to believe that this material may contain some isomeric impurity (see following 
paper 
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no appreciable reaction. After 2 hours, when about 10 c.c. of the reagent had been added, the 
mixture was cooled, decolorised with sulphur dioxide, and acidified at 20° with hydrochloric 
acid. 3-0 G. of 3-carboxymethylenephthalimidine were obtained, m. p. and mixed m. p. 220°; 
a mixture with phthalimide melted at 204°. 

Esterification of the keto-acid (5-0 g.) with diazomethane at 0° yielded the methyl ester 
(4:8 g.), m. p. 116—117° (Found : C, 60-1; H, 5-3; N, 6-65. C,,H,,0,N requires C, 59-7; H, 5-0; 
N, 63%). A mixture with 3-carbomethoxymethylenephthalimidine (m. p. 124—125°) melted 
at 105—107°. The ester was freely soluble in cold water and the solution was stable to per- 
manganate. It gave a weak brown colour with ferric chloride in alcohol It was unchanged 
by 3 hours’ heating at 110° (toluene bath). When its aqueous solution was acidified with cold 
concentrated hydrochloric acid, 3-carbomethoxymethylenephthalimidine was rapidly pre- 
cipitated, m. p. and mixed m. p. 124—125°. Attempted preparations of ketonic derivatives led 
to the same change. Both methyl esters evolved ammonia readily when boiled with caustic 
soda solution, but not with sodium carbonate. 

The keto-acid, when heated at 80° under reduced pressure, lost weight as follows: 11:5% 
in } hour, 16-7% in } hour, 20-7% in 1 hour (theo. loss for 2H,O, 16-0%); the appearance of the 
residue also showed that secondary decomposition was occurring. A sample of the acid was 
heated at 80° until it had lost 16% by weight; when the residue was esterified with diazometh- 
ane, a rather low yield of the keto-ester was obtained, m. p. and mixed m. p. 116—117°. 

(3) Sodium Amalgam Reductions.—(a) Of 3-carboxymethylenephthalimidine. A solution of 
4-7 g. of the acid in 20 c.c. of 5% aqueous sodium hydroxide was mechanically stirred at 0° 
while 50 g. of 3% sodium amalgam were added during 2 hours. After a further 2 hours’ stirring, 
the liquid was decanted, acidified, and kept at 0° overnight. 3-Carboxymethylphthalimidine 
(IV) separated in crystalline tufts, m. p. 180°. High yields (85—-97%) were obtained both on 
this small scale and from 50 g. batches, provided that the temperature during the reduction and 
during the acidification was not allowed to exceed 5°. The highest yields were obtained when the 
mother-liquors were concentrated to yield a second crop (Found: C, 62-85; H, 5-0; N, 7:5; 
equiv., 184. Calc. for C,,H,O,N: C, 62-8; H, 4-8; N, 7:3%; equiv. 191). The acid was 
stable to alkaline permanganate, and did not liberate ammonia when boiled with aqueous alkali. 
Esterification with diazomethane gave the methyl ester, m. p. 1389—140°, needles from alcohol, 
in 93% yield (Found: C, 64-6; H, 5-5; MeO,14-7. C,,H,,0,N requires C, 64-4; H, 5-4; 
MeO, 15-1%). 

(b) Of the keto-acid, m. p. 120° (With F.G. Runpatt). A solution of 7-0 g. of the acid in 
30 c.c. of 5% aqueous caustic soda was mechanically stirred at room temperature while 70 g. 
of 3% sodium amalgam were added. After 4 hours’ stirring, the product was worked up as 
described above, 5-8 g. of 3-carboxymethylphthalimidine, m. p. 180°, being obtained. This was 
identical with the material already described (Found : C, 62-8; H, 4:7; N, 7-°3%), mixed m. p. 
180°. It gave the same methyl ester, m. p. and mixed m. p. 1389—140°. A sample of iso- 
indolinone-3-acetic acid prepared by the method of Rowe, Haigh, and Peters * (Joc. cit.) melted 
at 182°, showed no depression in m. p. in admixture with our acid, and yielded the same methyl 
ester (m. p. and mixed m. p. 139—140°). 

5 G. of the acid of m. p. 120° were reduced in the same way, but the temperature was kept 
at 0°, first with a freezing mixture and subsequently in ice. All subsequent operations were 
carried out at 0°. 3-0 G. of B-hydroxy-B-o-carbamylphenylpropionic acid (X) were obtained, 
m. p. 180° (Found: C, 58-0; H, 5-1; N, 7:0; equiv., 208. C,,H,,0O,N requires C, 57-4; H, 
53; N, 6-7%; equiv., 209), sparingly soluble in ether and hydrocarbons, easily soluble in hot 
alcohols and hot water. It slowly decolorised permanganate and was stable to boiling alkali. 

The same compound was obtained when the acid of m. p. 120° (40 g.), dissolved in 600 c.c. of 
methanol, was reduced with 600 g. of sodium amalgam at 50°. The resulting solution was 
evaporated under reduced pressure until the sodium salt separated as a thick paste. This was 
collected and dissolved in a little water, and the solution filtered from mercury. The acid was 
then liberated below 5°, and crystallised from boiling water. Yield 23 g., m. p. 178° (Found : 
C, 57-7; H, 55%; equiv., 208). 

When heated under reduced pressure at 105°, the hydroxy-acid lost 8-7% of water in 1 hour 
(calc. for 1H,O, 8-6%) and there was no further loss in weight at this temperature. The product 
was 3-carboxymethylphthalimidine (Found : C, 62-9; H, 4:9; N, 7-1%; equiv., 190) and gave 
the methyl ester, m. p. 139—140° (Found: C, 64-4; H, 5-6%). The same cyclisation was 
brought about by boiling the hydroxy-acid with dilute hydrochloric acid for an hour; the cyclic 


* We are indebted to Mr. G. A. P. Tuey of the Imperial College for this material. 
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acid crystallised, on cooling, in quantitative yield, m. p. and mixed m. p. 180° (equiv., 186, 185). 
We were unable to obtain the hydroxy-acid by any treatment of the cyclic acid with water, or 
by dissolving it in alkali and precipitating it at 0°. 

An intimate mixture of the hydroxy-acid (which for the purpose of this experiment is equi- 
valent to the cyclic acid) and copper bronze was heated under reduced pressure in a stream of 
nitrogen until carbon dioxide was evolved. 3-Methylphthalimidine slowly distilled (b. p. 160°/2 
mm.). It was crystallised from ethyl acetate, and then melted at 114°, alone or in admixture with 
material made by the method of Gabriel and Neumann (Ber., 1893, 26, 705). 

The hydroxy-acid on treatment with diazomethane yielded 3-carbomethoxymethy]- 
phthalimidine in quantitative yield, m. p. and mixed m. p. 139—140° (Found: C, 64-3; H, 
5-3; N, 6-9. Calc. forC,,H,,0,N : C, 64-4; H, 5-4; N, 68%). The same result was obtained 
when the reaction was performed in moist ether, although in this case esterification was much 
slower. 

B-o-Cyanophenylpropionic Acid (With G. A. P. TuEy).—10 G. of o-cyanocinnamic acid 
(Edwards, loc. cit.; David and Poole, J., 1927, 2661), m. p. 255°, were dissolved in 300 c.c. of 
methanol and 10 c.c. of water. 120 G. of sodium amalgam were added to the mechanically 
stirred solution during an hour and the mixture was then warmed at 50° fora further hour. The 
product was decanted from mercury, neutralised, and freed from methanol. Acidification of 
the residual sodium salts yielded 7 g. of B-o-cyanophenylpropionic acid, colourless needles from 
alcohol, m. p. 128° (Edwards gives 127°) (Found: C, 68-7; H, 5-1; N, 8-1. Calc.: C, 68-6; 
H, 5-4; N, 80%). The methyl ester, prepared by means of diazomethane, had b. p. 290—295° 
and failed to solidify (Found: C, 69-8; H, 5-6. C,,H,,0O,N requires C, 69-8; H, 5-8%). 

6-o-Cyanophenylpropionic acid dissolved in hot concentrated hydrochloric acid and separ- 
ated unchanged when the solution was cooled. 1 G. of the acid was boiled for 2 hours with 10 
c.c. of 50% (vol.) sulphuric acid. After recrystallisation from water, the product yielded 0-6 g. 
of B-o-carboxyphenylpropionic acid in needles, m. p. 167° (Gabriel and Michael, Ber., 1877, 10, 
2204, give 166°) (Found: C, 61-8; H, 5-2. Calc.: C, 61-9; H, 5-2%). 


We thank Imperial Chemical Industries Ltd. (Dyestuffs Group) for grants and gifts of 
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196. Phthalocyanines and Related Compounds. Part XVIII. Inter- 
mediates for the Preparation of Tetrabenzporphins: The Thorpe 
Reaction with Phthalonitrile. 


By P. A. Barrett, R. P. LINsTEAD, and (in part) J. J. LEAvitr and 
G. A. Rowe. 


Phthalonitrile condenses with various substances containing an active methylene 
group under the conditions of the Thorpe reaction to yield compounds containing the 
isoindole nucleus. The imino-compounds which are first formed can easily be 
hydrolysed to unsaturated derivatives of phthalimidine. The malonic ester condens- 
ation product has been hydrolysed to carboxymethylenephthalimidine and to an 
imino-malonic acid which is a useful intermediate for the preparation of tetrabenz- 
porphin pigments. 


In Part XV (Barrett, Linstead, and Tuey, J., 1939, 1809) it was shown that the compounds 
formed from phthalonitrile by the Grignard reaction were valuable intermediates for the 
preparation of macrocyclic pigments containing methin links: tetrabenztriazaporphin 
could thus be formed in a reasonably good yield from readily accessible material. We now 
describe the application of the Thorpe reaction to phthalonitrile for the same purpose. 
Atkinson, Ingham, and Thorpe (J., 1907, 91, 578) showed that benzonitrile condensed 
with the sodio-derivatives of compounds containing an active methylene group to yield 
imino-compounds of the type Ph-C(:NH)*CHX,. Phthalonitrile reacts exothermically in 
hot alcohol with the sodio-compounds of phenylacetonitrile, ethyl cyanoacetate, and ethyl 
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malonate. The products from the reaction with the malonic ester have been most fully 
studied, because of their interest as intermediates for macrocyclic pigments and in relation 
to the acids described in the preceding paper. The product was initially isolated as the 
monohydrochloride of an imino-ester, C,;H,,0,N,. The free base, m. p. 97°, was liberated 
by cold alkali, but dilute acid or even boiling aqueous alcohol yielded the corresponding 
“ keto-ester,” C,;H,;,0;N, m. p. 108°. When the imine-hydrochloride was boiled for a 
few minutes with aqueous alkali, it yielded an acid, which approximated in composition 
to the corresponding imino-acid, C,,H,O,N,. By simple analogy with the compounds 
studied by Thorpe, these esters would be given the formula CN-C,H,°C(°NH)-CH(CO,Et), 
(I) and CN-C,H,-CO-CH(CO,Et), (II). The “keto-ester,”” however, failed to show 
carbonyl reactivity, was insoluble in alkali, and gave no colour with ferric chloride. It 
was therefore clear that the first-formed compounds must have undergone isomeric change. 
The initial product would be the sodio-compound of (I) and this can cyclise by “‘ transfer 
of the metal ”’ to the o-cyano-group, just as do the lithium and magnesium compounds 
discussed in Part XV (Barrett, Linstead, and Tuey, Joc. cit.). Such a reaction could lead 
to the formation of either an isoindole (III) or a diketohydrindene ring (IV).* 


TO By (CO,Et), » CICOLEH % C:C(CO,Et), 
< (I)—> 
‘ C(CO,Et), OK = a 4 NH —> % ‘Nn 
an WN Gn c: vA 

(IV.) am (IIIb.) (V.) 


The diketohydrindene structure is excluded by the fact that only one imino-group is 
removed on hydrolysis. The isoindole structure (V) for the “‘ keto-ester,” m. p. 108°, is 
proved by oxidation with permanganate in acetone, which gives a theoretical yield of 
phthalimide. Moreover, alkaline hydrolysis of the “ keto-ester ” gives 3-carboxymethylene- 
phthalimidine, identical with that described in the preceding paper. The keto-ester is 
therefore undoubtedly 3-dicarbethoxymethylenephthalimidine (V): a direct comparison 
with the specimen prepared from iminophthalimidine (preceding paper) confirmed this; 
the ester prepared in the present work melted at 108°, that from iminophthalimidine at 
104—105°, and mixtures at 106—107°. We have not yet been able to raise the lower 
melting point and have, in fact, obtained other samples from this source melting per- 
sistently lower (101—105°). The analytical figures for both preparations are satisfactory 
and the presence of an isomeric impurity in the lower-melting ester is indicated. From 
the ease of hydrolysis of the imino-ester to (V) it is almost certain that the imine also 
contains the tsoindole ring, and of the two double-bond isomerides, form (IIIb) is the more 
probable. 

The reaction between cyanoacetic ester and phthalonitrile followed a similar course. 
In this case the imino-ester was not isolated, treatment of the product with acid giving 
the “‘ keto-ester”’ direct. This was identified as 3-cyanocarbethoxymethylenephthalimidine 
(VII, X = CO,Et) by oxidation to phthalimide. 


C:CX*CN C.CX-CN 


Y\/ 
(VI.) Or ‘va Du (VIL.) 


KH 


Under similar conditions phenylacetonitrile gave the #mino-compound (VI, X = Ph) in 
good yield. This was readily hydrolysed to 3-cyanobenzylidenephthalimidine (VII, X = Ph). 
On the other hand, attempted condensation between phthalonitrile and acetonitrile, ethyl 
acetoacetate, or ethyl methylmalonate gave unfavourable indications. The bulk of the 

* The formation of a diketohydrindene derivative by a somewhat similar reaction has been recorded 


by Scheiber and Haun (Ber., 1914, 47, 3326). We have, however, never encountered such a cyclisation 
when the formation of an isoindole ring is possible. 
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phthalonitrile was converted into phthalimide. This appears to be a general side reaction 
which intervenes if the Thorpe condensation does not occur rapidly. 

These condensations are being further investigated. This preliminary report is given 
because of the value of iminophthalimidylmalonic acid as an intermediate in the preparation 
of macrocyclic pigments (following paper). 


EXPERIMENTAL. 


1. Condensation with Phenylacetonitrile-—46-8 G. of the nitrile were added to a solution of 
9-2 g. of sodium in 100 c.c. of alcohol. 51-2 G. of phthalonitrile (equivalent amount) were 
then added and dissolved by warming. When the solution was heated to boiling under reflux, 
a vigorous reaction set in and the mixture turned dark red. The product was finally refluxed 
for 5 minutes and poured, while hot, into a mixture of 50 c.c. of concentrated hydrochloric acid 
and 100 c.c. of water. The buff precipitate was at once removed by filtration, washed with 
cold water, and dried by suction. Yield, 85 g. (87%); m. p. 290—300°. The hydrochloride 
of 1-imino-3-cyanobenzylidenephthalimidine (VI, X = Ph) formed long yellow needles from 
alcohol, m. p. 299° (Found: C, 68-3, 68-4; H, 4-0, 3-9; N, 15-1; Cl, 12-3. C,,H,,N;,HCl 
requires C, 68-4; H, 4:2; N, 14-9; Cl, 126%). A solution of the hydrochloride (5 g.) in the 
minimum quantity of hot alcohol was treated with an excess of ammonia and allowed to cool. 
1-I mino-3-cyanobenzylidenephthalimidine separated in small needles (4 g.), m. p. 207—209° 
(Found: C, 78-4; H, 4-4; N, 17-0. C,,H,,N, requires C, 78-4; H, 4-5; N,17-1%). Treat- 
ment of the base with alcoholic hydrogen chloride regenerated the hydrochloride, m. p. 298°. 

The hydrochloride was boiled with dilute aqueous-alcoholic hydrochloric acid for 6 hours. 
The cooled product deposited 3-cyanobenzylidenephthalimidine (VII, X = Ph) in fine yellow 
needles, m. p. 228—230°; yield, 90% (Found: C, 78-5; H, 4-1; N, 11-3. C,,H,,ON, requires 
C, 78-0; H, 4:1; N, 11-4%). The same compound was formed by alkaline hydrolysis (aqueous- 
alcoholic alkali for 1 hour) but in worse yield (60%) and not so pure. 

2. Condensation with Ethyl Cyanoacetate.—A cold solution of sodium (11-5 g.) in 250 c.c. of 
alcohol was treated successively with 56-5 g. of the cyanoacetic ester and 64 g. of finely powdered 
phthalonitrile (1 equiv. of each). The mixture was heated until, when it was nearly boiling, 
a vigorous reaction set in. When this had ceased, the dark brown product was cooled, poured 
on ice and an excess of hydrochloric acid, and kept overnight. The dark brown precipitate 
was collected, dried under reduced pressure, and crystallised from benzene, alumina being added 
to remove the colour. 3-Cyanocarbethoxymethylenephthalimidine (VII, X = CO,Et) was isolated 
in 70% yield in white needles, m. p. 170° (Found: C, 64-8, 64-9; H, 3-95, 4-2; N, 12-1, 11:8. 
C,3H,,O,;N, requires C, 64-6; H, 4:1; N, 11-6%). Some higher-melting material (? imine 
hydrochloride) remained undissolved by the benzene. 

3. Condensation with Ethyl Malonate.—The procedure was as in (2), the reactants being a 
solution of 9-2 g. of sodium in 200 c.c. of alcohol, 64 g. of the malonic ester, and 51-2 g. of 
phthalonitrile. The dark brown solution obtained on decomposition with hydrochloric acid 
and ice was extracted once with benzene (100 c.c.), which removed considerable low-melting 
material. The aqueous layer deposited overnight 70 g. (60%) of yellow crystals, which were 
either recrystallised from aqueous alcohol, or converted into the oily base by means of alkali and 
regenerated with concentrated hydrochloric acid. The hydrochloride of 1-imino-3-dicarbethoxy- 
methylenephthalimidine formed colourless plates, m. p. 210° (Found: C, 55-5; H, 5-3; N, 
8-55; Cl, 10-8. C,;H,,0,N,,HCl requires C, 55-5; H, 5-25; N, 86; Cl, 10-9%). The free 
imino-ester (IIIb) was isolated by treatment of an aqueous solution of the hydrochloride with 
alkali, and extraction with ether. The oily base soon solidified in ice, and crystallised from 
light petroleum in colourless needles, m. p. 97° (Found: N, 9-7. C,,;H,,0,N, requires N, 
9-7%). 

Hydrolyses. (a) To the imino-acid. 50 G. of the imino-ester hydrochloride were dissolved 
in 100 c.c. of rectified spirit and treated with a solution of 19 g. of caustic soda in 50 c.c. of 
water. After 8 minutes’ refluxing, the alcohol was removed as fast as possible by means of 
steam. The residue was cooled and made barely acid with hydrochloric acid. The precipitated 
acid was coagulated by heating it just to the boiling point and then cooling rapidly. The dull 
purple solid was collected, washed with water, and dried under reduced pressure. The yield 
of imino-acid was about 90%. This substance is a useful intermediate for the preparation of 
macrocyclic pigments (see Part XIX). Unfortunately, its sparingly soluble and intractable 
nature have prevented its being obtained analytically pure. It tends to separate from solution 
in the usual solvents as an amorphous jelly. It melts between 280° and 300° with decomposition 
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(Found: C, 59-6; H, 4:35; N, 11-2, 11-3. C,,H,O,N, requires C, 57-0; H, 3-5; N, 12-1%). 
The nitrogen figure shows that little hydrolysis of the imino-group has occurred. The high 
carbon figure indicates a partial decarboxylation. 

(b) To 3-dicarbethoxymethylenephthalimidine (with G. A. Rowe). The imino-ester hydro- 
chloride (10 g.) was refluxed with 20 c.c of concentrated hydrochloric acid and 50 c.c. of water. 
The keto-ester soon separated as a red oil; after 30 minutes the product was cooled and the 
solid cake was dried and crystallised from alcohol (charcoal). 3-Dicarbethoxymethylenephthal- 
imidine (V) formed colourless needles (8 g.), m. p. 108° (Found: C, 62-2; H, 5-1; N, 4-75. 
Calc. for C,,H,;,0,N : C, 62-3; H, 5-2; N, 485%). 

(c) To 3-carboxymethylenephthalimidine. 3-Dicarbethoxymethylenephthalimidine (10 g.) 
was refluxed for 30 minutes with 5 g. of sodium hydroxide in 100 c.c. of aqueous alcohol (1 : 1). 
The alcohol was removed in steam. Acidification of the cold product yielded a crude acid, 
which on crystallisation from water gave 3-carboxymethylenephthalimidine (1-5 g.), m. p. 
220°, alone or in admixture with the acid prepared by the methods of Part XVII (Found: C, 
63-6; H, 3°55; equiv., 186. Calc. for C,,H,O,N : C, 63-5; H, 3-7%; equiv., 189). Another 
similar hydrolysis gave a better yield of an impure lower-melting acid (m. p. 185° decomp.) 
which probably contained some dicarboxylic acid. 

Oxidations (with J. J. Leavittr).—1-0 G. of 3-cyanocarbethoxymethylenephthalimidine was 
dissolved in 90 c.c. of acetone and 25 c.c. of water, 3 g. of potassium permanganate added 
to the mechanically stirred mixture, and stirring continued for 80 minutes. The excess of 

ganate was removed by means of sulphur dioxide, and the acetone on the steam-bath. 
The resulting solution deposited phthalimide in long white needles, which were collected and 
dried at 100° (yield, 90%). A similar oxidation of 3-dicarbethoxymethylenephthalimidine, 
m. p. 108°, gave a theoretical yield of phthalimide. The imide was identified by m. p. and 
mixed m. p. 
Oxidations with alkaline permanganate in aqueous solution were unsatisfactory. 
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197. Phthalocyanines and Related Compounds. Part XIX. Tetra- 
benzporphin, Tetrabenzmonazaporphin and their Metallic Derivatives. 


By P. A. Barrett, R. P. Linsteap, F. G. RUNDALL, and G. A. P. TuEy. 


The paper is concerned with the preparation of macrocyclic pigments analogous to 
phthalocyanine, but containing three or four methin links, from intermediates containing 
one real or potential isoindole residue. 

Tetrabenzmonazaporphin has been prepared for the first time from intermediates 
derived from phthalonitrile both by the Thorpe reaction and by the Grignard reaction. 
Its structure has been proved by quantitative oxidation and a number of its metallic 
derivatives have been prepared. 

Zinc tetrabenzporphin can readily be prepared from 3-carboxymethylphthalimi- 
dine. From it tetrabenzporphin has been obtained and thence a number of metallic 
derivatives. The structure has been proved by quantitative oxidation. A number of 
other reactions giving rise to these macrocyclic compounds are described. 

The absorption spectra of all these compounds have been measured quantitatively, 
and the results are compared with those for the analogous phthalocyanine and tetra- 
benztriazaporphin derivatives. - 

The compounds are compared with those recently obtained by Helberger and his 
co-workers. The various methods available for their preparation are reviewed, and 
possible mechanisms are discussed. 





Tis paper describes the continuation of our investigations of the group of macrocyclic 
pigments of the general formula [C,.H,,N, + x(N) + (4 — x)(CH)]. 





1080 Barrett, Linstead, Rundall, and Tuey: 


Our first attempts (Linstead and Noble, J., 1937, 933) at the preparation of tetrabenz- 
porphin, the symmetrical analogue of phthalocyanine containing four methin links (x = 0), 
were unsuccessful, probably owing to the lack of thermal stability of the intermediates 
examined. Since then we have been successful in obtaining the corresponding compound 
containing one methin link (x = 3) (Barrett, Linstead, and Tuey, J., 1939, 1809). 

The present paper describes the solution of the problem attacked in 1937. Tetrabenz- 
porphin (I, R = CH) and tetrabenzmonazaporphin (I, R = N) and various of their metallic 
derivatives have been prepared by comparatively simple methods. In the meantime Hel- 
berger and his collaborators, by different reactions, have made tetrabenzporphin and certain 
metallic derivatives of tetrabenzmonazaporphin. Later in this paper the mechanism of the 
formation of these large molecules from intermediates containing one tsoindole unit is dis- 
cussed. To clarify this discussion a brief summary of the most important preparative 
methods used by other workers becomes ne 

Helberger (Annalen, 1937, 529, 205) obtained the copper derivatives of tetrabenz- 
monaza- and -diaza-porphin, in 10 and 20% yields respectively, by heating an o-halogeno- 
acetophenone with cuprous cyanide, respectively with and without phthalonitrile. Later, 
pre-formed o-cyanoacetophenone was used with similar results (Helberger and von Rebay, 
Annalen, 1937, 581, 279). A better yield of pigment was obtained by Dent (J., 1938, 1), 
who used 3-methylenephthalimidine, the cyclic isomeride of cyanoacetophenone. From a 
mixture of this or its carboxylic derivative, phthalonitrile and copper, Dent obtained copper 
tetrabenztriazaporphin in 30% yield. He was unable to obtain a pigment with more than 
one methin link from these intermediates, but Helberger and Hevér (Annalen, 1938, 536, 
173) have recently shown that the acid * gives traces of tetrabenzporphin derivatives when 
heated with magnesium, magnesium acetate, or zinc acetate. Not unexpectedly, the pig- 
ments obtained from cyanoacetophenone tend to be mixtures. From the product of 
its reaction with iron, Helberger, von Rebay, and Hevér (Annalen, 1938, 533, 197) were able 
to separate ferrous tetrabenzporphin in small amount. Subsequently they found that 
methylphthalimidine gave small yields of homogeneous tetrabenzporphin derivatives 
when heated with metals or metallic acetates. 

Obviously, none of these reactions approaches in ease or completeness those which lead 
to the production of phthalocyanines. The yields tend to fall with the number of methin 
links involved. An immediate object of our work was therefore to make these interesting 
compounds readily available by finding preparative methods which would give reasonable 
yields from accessible intermediates. 

I. Tetrabenzmonazaporphin (x = 1).—The effective intermediate in the production of 
tetrabenztriazaporphin from phthalonitrile by means of the Grignard reaction (Barrett, 
Linstead, and Tuey, loc. cit.) is probably a metallic derivative such as (II; R = MgI or Li). 


COCO 
WA 
ag aes 


WV ha 


(III.) 


CMe, 
VA 


‘ 
VA 7 
»~ 
CO 
(V.) 
It is possible to obtain from phthalonitrile, by means of the Thorpe reaction, a compound of 
very similar structure in 1-imino-3-dicarboxymethylenephthalimidine (III, see Barrett 
and Linstead, preceding paper). It is found that both this substance and its diethyl ester 


* The acid intermediate used by Dent was actually o-carbamylbenzoylacetic acid (Linstead and 
Rowe, this vol., p. 1071). 
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yield pigments, whereas none can be obtained from the corresponding keto-ester, formed by 
the hydrolysis of the imino-group. 

The imino-malonic ester (corresponding to III) when fused with copper, or with a 
mixture of phthalonitrile and cupric chloride, gives poor yields of copper pigments. The 
imino-malonic acid (III) is of much greater use. It gives pigment readily when fused with 
a variety of metals and metallic acetates, but little or none with chlorides or oxides. These 
products are essentially derivatives of tetrabenzmonazaporphin, although under certain 
conditions it is possible to obtain a tetrabenzporphin derivative from the imino-acid. 

Fusion of the imino-acid with zinc yielded a green compound containing zinc. The 
metal could be removed by passing hydrogen chloride through a solution of the substance 
in sulphuric acid. The product was tetrabenzmonazaporphin, C,;H,,N, (I, R =N), the 
over-all stoicheiometric yield 279%. The compound crystallised in green needles with a 
violet-blue lustre. Like phthalocyanine and tetrabenztriazaporphin, it could be sublimed 
at high temperatures. It was converted into its ferrous, copper, magnesium, and zinc 
derivatives by treatment with ferrous chloride and the appropriate metals respectively. 
The copper and ferrous derivatives had already been made by Helberger and his co-workers 
(loc. cit.). The absorption spectra of these substances are reviewed later in detail: our 
values for the last two compounds tallied fairly closely with those of Helberger. 

Lithium phthalocyanine is freely soluble in alcohol (Barrett, Frye, and Linstead, J., 
1938, 1157). Metal-free tetrabenzmonazaporphin, when boiled with alcoholic lithium 
ethoxide, yielded a deep green solution, but most of the solid remained undissolved, even 
when a large excess of the reagent was used. It appears, therefore, that the lithium 
derivative is easily reconverted into the parent compound by alcohol. 

The formulation of the new pigment as of the phthalocyanine type is clearly indicated 
by the analysis, general properties, high stability and intense and sharply banded absorption 
spectrum. We have confirmed the structure by the method of quantitative oxidation 
successful for phthalocyanine (Dent, Linstead, and Lowe, J., 1934, 1033) and for tetrabenz- 


triazaporphin. By analogy with previous results, complete oxidation should follow the 
equation : 


C;;H»,N; + H,O + 130 = 4C,H,O,N + 3CO, + NH, 


Experiment showed that the oxidation was more difficult than that of the more nitro- 
genous pigments. Under suitable conditions it was, however, possible to obtain complete 
oxidation and reasonably reproducible figures for the oxygen uptake by the use of ceric - 
sulphate. Tetrabenzmonazaporphin required 12-5 g.-atoms of oxygen per mol., and its 
copper derivative 12-6 g.-atoms, in close agreement with theory. 

It was pointed out in our paper on the triaza-analogue that it was impossible from 
analytical data alone to decide whether macrocyclic substances such as these were actually 
homogeneous compounds with “ mixed links ’”—some methin, some nitrogen—or mixtures 
of very similar compounds. For example, the monaza-compound might contain tetrabenz- 
porphin, compensated analytically by some more nitrogenous substance. This possibility 
is excluded by the spectroscopic evidence. The absorption spectrum of tetrabenzporphin 
shows a sharp triplet in the orange region with ,,,,. 6210, 6120, and 6040 a. The spectrum 
of tetrabenzmonazaporphin has a duplet in about this region (Amsx, 6260, 6100 a.), rather 
weaker in intensity, and there is no sign of a third band. Evidence from the spectra of the 
metallic derivatives supports this. The method of preparation is not one which might, 
a priort, be expected to give a homogeneous pigment. However, in the absence of any 
definite evidence to the contrary (except the slightly low oxidation value), we can take the 
analytical data at their face value and accept the pigment obtained from the imino-malonic 
acid (III) and zinc as authentic tetrabenzmonazaporphin. 

If zinc acetate is fused with the same acid, the resulting pigment is undoubtedly a 
mixture. After removal of the metal and crystallisation, the product gave analytical 
figures corresponding with a mixture of tetrabenzmonazaporphin (60%) and tetrabenz- 
porphin (40%). Moreover, the oxidation value was high (ca. 13-5 g.-atoms) and the absorp- 
tion spectra showed both monaza- and tetrabenz-porphin bands. Confirmatory results 
were obtained by examining the zinc compound formed in the fusion. The action of 
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copper, magnesium, or magnesium acetate on the imino-acid (III) gave pigments in yields 
of about 40% which have not yet been fully investigated, but appear to be mixtures of 
tetrabenz-monaza- and -diaza-porphin derivatives. When mixtures of phthalonitrile and 
the imino-acid (III) were fused with metallic reagents, more nitrogenous pigments were 
formed. One mol. of phthalonitrile reacted with 3 mols. of the acid and copper bronze to 
give nearly pure copper tetrabenztriazaporphin. A similar mixture, with zinc in the place 
of copper, gave a pigment approximating to the diazaporphin in composition. It appears 
that zinc, either as such or as zinc acetate, is the metal most favourable to the formation of 
methin links. 

Tetrabenzmonazaporphin can also be conveniently prepared by means of the Grignard 
reaction. It was shown by Barrett, Linstead, and Tuey (loc. cit.) that the product of the 
reaction between equivalent proportions of methylmagnesium iodide and phthalonitrile, 
when heated to a high temperature with a little water, gave a 40% yield of tetrabenztri- 
azaporphin. It is now found that,.if a considerable excess of methylmagnesium iodide 
(24 mols.) is employed and the primary product treated with steam at 200°, a yield of 
some 17% of tetrabenzmonazaporphin is obtained. It is known (loc. cit.) that 1: 1-di- 
methyl-3-amino--tsoindole (IV) can be isolated from the product of the action of an excess 
of methylmagnesium iodide on phthalonitrile. This base yields a mixture of the zinc 
derivatives of the monaza-compound and of tetrabenzporphin when it is heated vigorously 
with zinc acetate, but we think it doubtful if it is the actual intermediate in the formation 
of monaza-pigment from the Grignard product. 

During the reaction between zinc acetate and 1 : 1-dimethyl-3-amino-#-isoindole, a 
colourless distillate was formed, which deposited a crystalline solid, m. p. 162°, of com- 
position C,9H,,ON. The same compound was formed when dimethylamino-#-isoindole 
was acetylated with acetic anhydride, and the product hydrolysed with hydrochloric acid. 
The intermediate acetyl derivative was not formed normally, an imino-group being replaced 
by an oxygen atom during the reaction. It seems probable that the intermediate is 2-acetyl- 
3 : 3-dimethylphthalimidine (V, R = CO-CH,), and that the compound of m. p. 162° is 
3 : 3-dimethylphthalimidine (V, R = H). The behaviour of the base on acetylation differs 
from that of dibenzylaminoisoindole, which, according to Weiss and Freund (Monaish., 
1924, 45, 105), yields a normal diacetyl derivative. In an attempt to confirm the structure 
of dimethylphthalimidine by synthesis, dimethylphthalide was treated with ammonia 
under a variety of conditions. No reaction occurred. The resistance of this substituted 
molecule to the action of ammonia is in interesting contrast to the ready reaction of phthalide 
itself and of its unsaturated derivatives. 


Dimethylphthalimidine gave only a trace of benzporphin pigment when heated with 
zinc acetate. 

II. Tetrabenzporphin (x = 0).—An examination of the compounds described by Lin- 
stead and Rowe (loc. cit.) showed that two were useful intermediates for the formation of 
macrocyclic pigments. These were 3-carboxymethylphthalimidine (VI) and the equivalent 
§-hydroxy-f-o-carbamylphenylpropionic acid, which yields the cyclic acid (VI) at 105°. 

When the acid (VI) was heated above 300° with zinc or zinc acetate, 

, CH-CH,CO3H it readily yielded zinc tetrabenzporphin. The zinc pigment could be 

ON/ NH obtained analytically pure by crystallisation or sublimation. Similar 

< 74% ff green compounds were formed in worse yield from the acid (VI) 

CO and magnesium or iron, but none at all by means of copper. The 

(VL) magnesium derivative was isolated in a solvated form in agreement 

with Helberger, von Rebay, and Hevér (loc. cit.). During the fusions 

a purple condensate appeared in the cooler parts of the reaction vessel. Helberger and his 
co-workers observed a red sublimate in their preparations from methylphthalimidine. 

The process constitutes the most convenient synthesis of a compound containing the 
porphyrin ring, for it involves only three stages from a commercially accessible intermediate 
(nitroso-f-naphthol). The stoicheiometric yield, although low, appears to be an improve- 
ment over that obtained from methylphthalimidine. 

Tetrabenzporphin (I, R = CH) was isolated from the zinc derivative by passing hydro- 
gen chloride through its sulphuric acid solution, and could be purified by crystallisation and 









\- 


e 
3 
1 
$ 
$ 
, 
l 





[1940] Phthalocyanines and Related Compounds. Part XIX. 1083 


sublimation. Helberger reports that the metal is removed by the action of sulphuric acid 
alone. In our hands this certainly gave a considerable elimination of metal, but the 
auxiliary use of hydrogen chloride was necessary to obtain a completely ash-free product. 
The metal-free compound was converted into its copper and iron derivatives by means of 
cuprous and ferrous chlorides in quinoline. Apart from minor differences, these compounds 
were identical in absorption spectra with the corresponding compounds made by 
Helberger’s method. 

o-Cyanocinnamic acid, which is related to 3-carboxymethylphthalimidine (isoindolinone- 
3-acetic acid) (F. M. Rowe, Haigh, and Peters, J., 1936, 1101; Linstead and G. A. Rowe, 
loc. cit.), yields rather impure zinc tetrabenzporphin in poor yield when fused with zinc 
acetate. The corresponding saturated acid, B-o-cyanophenylpropionic acid (Part XVII) 
gives no macrocyclic pigment. 

The structure of tetrabenzporphin was confirmed by quantitative oxidation with acid 
ceric sulphate. The equation : 


requires an uptake of 17 g.-atoms of oxygen, leading to a liberation of 4 mols. of carbon 
dioxide. Experiment showed a strong resistance to oxidation,* an even longer period 
being required than for tetrabenzmonazaporphin, and the reproducibility of the results 
was not sogood. The uptake of oxygen by the metal-free compound was 16-2 g.-atoms, and 
by the zinc derivative, 17-1 g.-atoms. The carbon dioxide was estimated by a slight modi- 
fication of the method used for the estimation of the methin link of tetrabenztriazaporphin. 
Zinc tetrabenzporphin yielded 3-97 mols. of carbon dioxide on oxidation. Attempts at the 
quantitative estimation of the phthalimide formed were fruitless, as it was partially 
hydrolysed under the rigorous conditions necessary to complete the oxidation. We believe 
that this is the first example of the quantitative oxidation of an actual porphyrin ring. 

Tetrabenzporphin being a symmetrical compound, the results of oxidation and the 
analytical figures provide unambiguous evidence as to the structure. 

For comparison with the materials prepared by our methods, we have prepared samples 
of the copper derivatives of tetrabenz-monaza-, -diaza- and -triaza-porphin from o-cyano- 
acetophenone (the preparation of which has been improved) and also of zinc tetrabenz- 
porphin from methylphthalimidine by Helberger’s methods (loc. cit.). The tetrabenz- 
porphin derivative was homogeneous and identical with ours. The copper monaza-pigment 
from cyanoacetophenone was also substantially homogeneous. On the other hand, the 
copper pigments prepared from mixtures of phthalonitrile and cyanoacetophenone were not 
homogeneous. The diaza-compound contained a considerable proportion of triaza-, and 
the triaza-derivative was contaminated with a small amount of diaza-. We used a slightly 
different method for the purification of the products; but it is clear (and not unexpected) 
that these mixed fusions are not satisfactory for the preparation of homogeneous material. 

III. Absorption Spectra.—Quantitative measurements have been made of the absorption 
spectra of tetrabenzporphin and tetrabenzmonazaporphin and their metallic derivatives, 
To complete the comparison with other pigments of the group, we have measured the 
intensities of the absorption bands of a number of metallic phthalocyanines and metallic 
tetrabenztriazaporphins. The detailed results are given in the experimental section. 

The nature of the solvent used for many of these measurements was important. Chloro- 
naphthalene has the advantage that it dissolves all the pigments of the group sufficiently 
for the measurements, even the sparingly soluble phthalocyanines. It was, however, 
unsatisfactory for the zinc, and more particularly for the magnesium, derivatives of tetra- 
benz-porphin and -monazaporphin because the intensities of the absorption bands of such 
solutions changed on standing, and at the same time the green colour of the solutions slowly 
changed to brown. Solutions of the same compounds in pyridine-ether showed no such 
decrease in intensities. It seems probable that this effect is due to a liberation of hydrogen 
chloride from the solvent, and its fixation by the zinc pigment asa salt. It may be recalled 
that zinc chlorophthalocyanine forms a fairly stable hydrochloride (Barrett, Dent, and 
Linstead, J., 1936, 1720). In support of this, it was found that, if benzene saturated with 

° — and co-workers observed a strong resistance of tetrabenzporphin towards nitric acid, 
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hydrogen chloride was added to a fresh solution of zinc tetrabenzporphin in chloronaph- 
thalene, the green colour of the solution was at once changed to brown. Solutions of zinc 
phthalocyanine and zinc tetrabenztriazaporphin in chloronaphthalene are considerably 
more stable. This instability, therefore, is met with principally among derivatives of the 
more basic macrocyclic pigments, i.¢., those containing fewest nitrogen links. Solutions 
of ferrous and of magnesium phthalocyanine in chloronaphthalene also show a fading of the 
spectral bands on standing, but this is also shown in pyridine-ether solutions and is probably 
due to aerial oxidation (compare Cook, J., 1938, 1174, 1845). We have not so far observed 
fading in intensities (during the same periods of standing) with solutions of any metal-free 
or copper macrocyclic pigment, either in chloronaphthalene or in a basic solvent. 

It has been observed among porphyrins by Stern and his co-workers that in general the 
nature of the solvent does not affect the position of the bands, and this is also true of 
phthalocyanine (Anderson, Bradbrook, Cook, and Linstead, J., 1938, 1151). The same 
independence ‘of solvent is shown by the metal-free and copper compounds described in the 
present paper. On the other hand, the spectra of solutions of the iron, zinc, and magnesium 
derivatives in basic solvents differ from those in chloronaphthalene in respect to both the 
positions of the band heads and particularly their intensities. This is undoubtedly due to 
solvation. Many examples of the crystallisation of iron and magnesium compounds of 
macrocyclic pigments in a solvated form from bases are on record (e.g., Linstead and Lowe, 
J., 1934, 1022; Barrett, Frye, and Linstead, loc. cit.; Helberger, von Rebay, and Hevér, 
loc. cit.). 

The absorption spectra of the magnesium and zinc derivatives of tetrabenz-porphin 
and -monazaporphin in pyridine-ether are all very complex, having at least nine bands in 
the visible region. The spectra of the magnesium and zinc derivatives of tetrabenzporphin 
in this mixture of solvents (see p. 1091) have two particularly remarkable features. First, 
they are indistinguishable in the positions of all nine of the band heads and in order of the 
intensities. The extinction coefficients of the magnesium pigment are, however, slightly 
lower than those of the zinc derivative. Secondly, the 4360 bands are of a quite exceptional 
intensity, with extinction coefficients of about 600,000. 

The table summarises the properties of the four known metal-free macrocyclic pigments 
of the phthalocyanine type C,,.H,,N, + *N + (4—x)CH: 

Compound = ....-eseeseeeeeeeeeeeeeeee Phthalocyanine Tetrabenztri- Tetrabenzmon- Tetrabenz- 


porphin 
4 0 


Oxidation. 
G.-atoms of f calc. 1 + “(4 - side 1 
O used (found ...... - 10 
G.-mols. of CO, f calc. (4- _ x) 0 
formed \found ... ive 0-1 
Time necessary for completion -. ‘Rapid at 60° 


Colour i in H conees Brown 
1 Drop of tind, added to H,SO, Transitory red, 
solution mo mem A 
deco 


Solubility in organic media 

Ease of sublimation 

A of main bands in red ............ 
Intensity of bands in violet 
Acidity (firmness — which 


’ metals are held) °. 
Basicity (tendency to ‘salt-form- 
ation with acids) ........ rm —_> 
Preparation and yieldf ............ Over 90% from 40% from 27% from l- ca. 20% from 
phthalonitrile Grignard imino-3-dicarb- 3-carboxy~ 
reaction { oxymethylene- methylphthal- 
“a § imidine § 


. * Zine derivative. + Of the metal-free compound or a metallic derivative. t Barrett, Lin- 
stead, and Tuey, Joc, cit. This paper. 
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There is a satisfactory general agreement between our spectroscopic results and those of 
Helberger and his collaborators, as far as comparison is possible. They did not, however, 
observe many of the intense bands in the violet region, and a number of the weaker bands 
elsewhere. 

A few additional empirical observations may be added to those already made in earlier 
papers on the effect of the nature of the linking groups and of the central metals on the 
spectra of macrocyclic pigments. As the number of methin links increases, the bands in the 
blue-violet region (which are very faint in the triaza-compounds) become stronger without 
appreciable shift in position, until in tetrabenzporphin and its derivatives they are domin- 
ant. At the same time, the bands in the red region show a shift towards lower wave-length. 
A characteristic feature of the spectrum of metal-free tetrabenzporphin, when viewed 
visually, is the sharp triplet at 6210, 6120, and 6040 a., the three bands having almost equal 
intensities. The entry of metal (in the absence of the solvation effects already noted) tends 
to simplify the spectrum. Thus in copper tetrabenzporphin the triplet has as counterpart 
a single band at 6280 A. with inflexions on the short wave side. Again, the intense and 
sharp duplet in the violet region of the spectrum of tetrabenzporphin (A 4380 and 4220 a.) 
is modified by the introduction of copper to a rather broader single band (A 4260 a.). This 
simplication is particularly noticeable with the iron derivatives of tetrabenz- and tetra- 
benzmonaza-porphin, which have only three or four bands in the spectrum which can be 
detected visually. 

IV. Mechanism of Pigment Formation.—The formation of macrocyclic pigments with 
methin links invariably involves a high temperature, and results in a relatively small yield, 
even under the most favourable conditions; the mechanism of such reactions must neces- 
sarily be somewhat uncertain. Nevertheless, two stages must be involved: (1) The linking 
together of single ssoindole units to form a chain, and (2) the cyclisation to give the great 
ring. The latter stage is the more obscure; it might reasonably occur (see Part XV) by an 
initial cyclisation to a dehydro-compound, followed by fixation of metal. The mechanism 
of the first stage is more susceptible to experimental attack. 

In Part XV (Barrett, Linstead, and Tuey, Joc. cit.), we postulated a chain mechanism to 
explain the formation of tetrabenztriazaporphin from a product of the Grignard reaction 
on phthalonitrile such as (II; R = Mgl or Li). On the other hand, when an excess of 
phthalonitrile is absent, such a mechanism cannot operate; a reaction which can occur is 
the elimination of ammonia between two or more metal-free molecules of type (II; R = H), 
the condensation involving the imino- and the methyl group. Linstead and Rowe (loc. 
cit.) have shown that the imino-group of 3-iminophthalimidine can react with active methyl- 
ene groups, and it is likely that the methyl group of (Il; R = H) would be abnormally 
reactive, like that of «-picoline. Such a condensation, repeated thrice, would yield a four- 
unit intermediate which, by a further similar condensation, would cyclise to dehydrotetra- 

hin. Experiment indeed shows that the reaction of an excess of methylmagnesium 
iodide with phthalonitrile yields a pigment with as many as three carbon links: the 
reason why one nitrogen link should persist is not clear, but may be due to the persistence 
of a little unchanged nitrile. 

Another reaction of this type is the formation of tetrabenzmonazaporphin derivatives 
from the imino-acid (III) of Barrett and Linstead (loc. cit.), which is the dicarboxylic acid 
of the intermediate postulated in the Grignard reaction (or a double-bond isomeride of it). 
In this case, of course, elimination of carbon dioxide would also be required. The single 
aza-link may originate from phthalonitrile produced by pyrolysis of (III) into nitrile, acetic 
acid, and carbon dioxide. It should be noted that the aza-link is not always introduced, 
for the imino-acid and zinc acetate yield a considerable proportion of zinc tetrabenzporphin. 
In this connection, it is significant that the more stable 3-carboxymethylphthalimidine 
yields homogeneous tetrabenzporphins when fused with metals. 

The compounds and methods described in this paper are being further investigated. 


EXPERIMENTAL. 


I. Preparations from 1-Imino-3-dicarboxymethylenephthalimidine (III)—An intimate mixture 
of 40 g. of the acid and 15 g. of zinc dust was heated, in about 2 g. portions, at 330—340° for 
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20 minutes. A deep green colour rapidly developed, and the mixture never became completely 
fused. Armonia was freely evolved and a brilliant red liquid distilled into the cold part of the 
tube. The final product was a friable mass with a purple lustre. It was powdered and washed 
successively with dilute acid (to remove the excess of zinc), hot water, aqueous ammonia, and 
finally hot aqueous alcohol (10% water), which removed a large amount of red impurity. The 
residue was dried and dissolved in concentrated sulphuric acid. A current of hydrogen chloride 
was bubbled through the solution for } hour. The pigment was then precipitated by means of 
ice, collected, and washed with hot water, acetone, and alcohol in succession. The residue (8 g.) 
was thrice crystallised from chloronaphthalene, which yielded 6 g. of tetvabenzmonazaporphin 
(I, R = N) in green crystals with a bluish-purple lustre. Quinoline was a better crystallising 
medium, as one crystallisation gave pure material. A sample was also purified by sublimation, 
by the technique of Barrett, Dent, and Linstead (J., 1936, 1719), which yielded needles with a 
steely blue lustre. Tetrabenzmonazaporphin is slightly soluble in boiling quinoline and chloro- 
naphthalene, very sparingly soluble in boiling pyridine, insoluble in the usual low-boiling solvents. 
The colour reactions are given in the Table on p. 1084 (Found for a typical sublimed sample: 
C, 82-0; H, 3-9; N, 14:3; Zn, nil. C,;H,,N, requires C, 82-2; H, 4-1; N, 13-7%). Samples 
which had been treated with sulphuric acid but without hydrogen chloride gave irregular 
analytical figures. If these were corrected for zinc content, the results were satisfactory. 
Even after treatment with hydrogen chloride on one occasion a product was obtained which left 
an ash, and there is therefore some uncertainty as to the exact conditions necessary for the 
complete elimination of the metal. The absorption spectrum * of the pure metal-free compound 
in the yellow to red region was : 
I. II. III. IV. V. VI. 
In quinoline  .........sseeceseesereee 6900 6680 6380 6250 6100 60104. 
In chloronaphthalene ............ 6900 6690 6390 6250 6100 6000 a. 
Ii>Iv>1>Im>Vv>VIi 


Another method of preparation is given on p. 1088. 

For quantitative oxidation, approximately 50 mg. of the pigment were dissolved in concen- 
trated sulphuric acid and precipitated with a large excess of ite. After the addition of 50 c.c. 
of n/10-ceric sulphate the mixture was heated for 30 minutes, and the excess of reagent estimated 
in the usual way (Dent, Linstead, and Lowe, loc. cit.). Results: 12-5, 12-6, 12-6, 12-4 g.- 
atoms of oxygen per molecule. By prolonging the period of heating to 90 minutes it was possible 
to raise this value to about 13-5 g.-atoms, but the results obtained during such long experiments 
were uncertain and there was a tendency for further oxidation (of the phthalimide formed). 
This had to be corrected for by blank experiments. 

Conversion into metallic derivatives. 2G. of the metal-free compound were heated with 1 g. 
of copper bronze for 12 hours in boiling quinoline (50c.c.). The product was collected from the 
cooled solution and crystallised from chloronaphthalene, giving the pure copper derivative (1-5 g.) 
in needles with a blue-purple lustre. It resembled the parent compound in solubility. (Found : 
C, 73-4, 73-2; H, 3-3, 3-2; N, 12-0, 12-2; Cu, 10-8, 10-5. Found in a sublimed sample: C, 
73-6; H, 3-35; N, 12-2; Cu,11-5. Calc.: C, 73-3; H, 3-35; N, 12-2; Cu,11-1%). Oxidation 
values were obtained by the method described above (Found: 12-5, 12-7, 12-5 g.-atoms of 
oxygen). The solution in concentrated sulphuric acid was grass-green. Addition of one drop 
of nitric acid turned this to dull greenish-blue, fading shortly to brown-red. 

2 G. of the metal-free compound were boiled for 2 hours with 1 g. of anhydrous ferrous 
chloride in 30 c.c. of quinoline. The product was diluted with an equal volume of benzene, 
filtered from tar and ferrous chloride—quinoline complex, and poured into an excess of hydro- 
chloric acid. The precipitated pigment was washed with aqueous ammonia, dried, and purified by 
sublimation. Ferrous tetrabenzmonazaporphin formed needles with a purple-blue lustre and a 
very. dull green smear. It was insoluble in benzene, sparingly soluble in chloronaphthalene, 
acetone, and alcohol, but gave intensely bright green solutions in quinoline and pyridine. The 
brownish-green solution in sulphuric acid showed the usual colour change with nitric acid. The 
compound was precipitated unchanged from the sulphuric acid solution. 

The metal-free compound (2 g.) was refluxed for 12 hours with magnesium powder (1 g.) in 
chloronaphthalene. The product was purified by sublimation, which yielded lustrous blue 
needles of the magnesium derivative. The sublimation was much more difficult than that of 
other derivatives of tetrabenzmonazaporphin. The compound was very soluble in chloro- 


* Routine measurements are given under the various preparations. The complete intensity data 
for pure compounds are collected on p. 1090. ' 
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naphthalene, quinoline, pyridine, acetone and alcohol, but insoluble in benzene. The solutions 
showed a magnificent red fluorescence, like those of other magnesium derivatives of macrocyclic 
pigments (Found: C, 78-4; H, 3-6; Mg, 4-8. C,,H,N,;Mg requires C, 78:8; H, 3-6; Mg, 
46%). The magnesium was removable by boiling for 3 hours with dilute hydrochloric acid 
and also by the usual sulphuric acid treatment. 

2 G. of the powdered metal-free compound were added to lithium ethoxide (1 g. of lithium 
in 80 c.c. of absolute alcohol). A deep green solution with a brilliant scarlet fluorescence was at 
once formed. After 6 hours’ refluxing, 1-7 g. of metal-free compound remained undissolved. 
This was treated in exactly the same way with fresh lithium ethoxide and with the same result. 
The lithium derivative could not be isolated from the solution in a state of purity. 

The zinc derivative was prepared from the metal-free compound, with zinc dust in boiling 
quinoline, in the same way as the copper compound. 

Other fusions with the imino-acid. Reaction of the acid (40 g.) with anhydrous zinc acetate 
(10 g.) was carried out in exactly the same way as that with zinc dust, and the product was 
purified similarly. After removal of metal and crystallisation, 8-0 g. of benzazaporphin pigment 
were obtained (Found: C, 83-4; H, 4-0. Found, after sublimation: C, 83-2; H, 3-7; N, 
13-2. Calc. for C;,H,,N,;: C, 82-2; H, 4:1; N, 13-7%. Calc. for C,,H,,N,: C, 84-7; H, 
4:35; N,11-0%). The carbon analyses indicate the presence of about 40% of tetrabenzporphin. 
Quantitative oxidation under the conditions used for tetrabenzmonazaporphin gave rather 
irregular results, corresponding approximately to 13-5 g.-atoms of oxygen. Spectrum in 
chloronaphthalene : 


I. II. III. IV. Vv. VI. 
6920 6680 6250 6180 6100 6020 a. 
Il> Ill >Iv >I, V, VI. 


The spectrum shows the presence of both tetrabenzmonaza- and tetrabenz-porphin. The 6180 
band belongs to the latter, and the other bands of the triplet at 6100 and 6020 are sharper than 
in the spectrum of tetrabenzmonazaporphin. 

In another experiment, the product of a similar fusion was washed with hot water and 
aqueous alcohol, crystallised from chloronaphthalene without removal of the zinc, and finally 


sublimed (Found: C, 73-7; H, 3-5; Zn, 11-4. Calc. for C;,H,,N,Zn: C, 73-2; H, 3-3; Zn, 
113%. Calc. for C;,H,,.N,Zn: C, 75:3; H, 3-5; Zn, 11:3%. These figures correspond to a 
monaza-content of some 75%). The spectrum corresponded fairly closely to that of the 
authentic zinc monaza-compound. 

The imino-acid (20 g.) was fused with 8 g. of copper at 330—340°. The product was worked 
up in the usual way and purified through sulphuric acid and by crystallisation. Yield, 2 g. 
Spectrum in chloronaphthalene : 


I. II. III. IV. 
6740 6460 6250 5970 a. 


Although these maxima are almost identical with those of the monaza-derivative, the order of 
intensities is different: I>II>III>IV. The spectrum resembles closely that of ‘‘ copper 
tetrabenzdiazaporphin ’’ prepared by Helberger’s method (see p. 1090. The material prepared 
by us by this method was not homogeneous. Helberger does not record the spectrum.) It is 
reasonably certain that the copper compound from the imino-acid contained at least a consider- 
able porportion of the diaza-derivative. 

Fusion of the imino-acid with either magnesium or magnesium acetate gave fair yields of 
benzazaporphin pigments which yielded metal-free pigments after treatment with sulphuric 
acid. Spectroscopic examination showed that these were mixtures. They await further 
investigation. 

Fusion of mixtures of the imino-acid and phthalonitrile. (i) 23-2 G. of the imino-acid (2 mols.) 
were fused with 12-8 g. of phthalonitrile and 10 g. of zinc dust. (ii) 21 G. of the imino-acid 
(3 mols.) were fused with 3-9 g. of phthalonitrile and 8 g. of zinc dust. The products were 
purified in the usual manner and were finally treated with hydrogen chloride in sulphuric acid 
solution and crystallised. Yields: (i) 6-5 g., (ii) 4-2 g.[Found: (i) C, 76-2; H, 3-5; Zn, 4-9. 
(ii) C, 74-9; H, 3-7; Zn, 635%]. The incomplete removal of zinc clearly shows the presence of 
a nitrogenous pigment, either diaza- or higher. When allowance is made for the zinc content, 
the carbon figures correspond approximately to those of a diaza~-compound. 
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The imino-acid (7 g.) was fused with 1-3 g. of phthalonitrile and 2 g. of copper bronze. The 
product (1-2 g.), purified as usual, was almost pure copper tetrabenztriazaporphin (Found : 
C, 69-3; H, 3-3; Cu, 11-0. Calc. for C,,H,,N,Cu: C, 68-9; H, 3-0; Cu, 111%). Spectrum 
in chloronaphthalene: 6770, 6540, 6450, 6240, 59604. (cf. Barrett, Linstead, and Tuey, 
loc. cit.). - 

Il. Prepavations from Phthalonitrile by the Grignard Reaction.—(a) The Grignard reagent 
prepared from 6 g. of magnesium and 16 c.c. of methyl iodide (2-5 mols.) in ether was added to 
an ethereal suspension of powdered phthalonitrile (12-8 g.). The usual vigorous reaction ensued 
and a red-brown tar was formed. After an hour the ether was removed, the residue heated at 
200°, and after 5 minutes steam blown through it; only a trace of organic material was thus 
removed. After an hour, the flask was allowed to cool somewhat, and hot dilute hydrochloric 
acid added. The dark blue residue was collected and washed with concentrated hydrochloric 
acid (1 part)—alcohol (3 parts) until the washings were only slightly coloured. The residue was 
dried, dissolved in sulphuric acid, and precipitated with ice. The tetrabenzmonazaporphin 
obtained was washed successively with hot dilute aqueous ammonia and alcohol, dried, and 
crystallised from chloronaphthalene. Yield, 2-2 g. (17%). The analytical sample was sub- 
limed (Found: C, 82-3, 82-2; H, 4:1, 4-2; N, 13-5. Calc. for C;,H,,N,: C, 82-2; H, 4-1; 
N, 13-7%). Spectrum in chloronaphthalene : 


I. II. III. IV. V. VI. 
6950 6730 6410 6270 6130 


Il >Iv >IIl,1,V>VI 


The colour of a solution in sulphuric acid and the colour reaction with nitric acid were identical 
with those of the pigment prepared from the imino-acid. 

In another experiment the initial reaction was carried out in the same way, but before the 
removal of the ether an additional amount (5 g.) of magnesium powder was throughly mixed 
with the product. The mixture was finally heated to 200° and treated with water. The 
resulting reaction tended to be violent, and to ignite the magnesium powder, hence it was 
advisable to work with an initial quantity of only 6-4 g. of phthalonitrile at a time. Only a 


very small yield of pigment was produced. The united product from ten such reactions was 
purified as before, passed through sulphuric acid, and crystallised from chloronaphthalene. 
0-4 G. of crystalline monaza-compound was obtained (Found: C, 81-85; H, 4-35; N, 13-7%). 

(b) Experiments with 1 : 1-dimethyl-3-amino-)-isoindole (IV). 5 G. of the crude base (Bar- © 
rett, Linstead, and Tuey, loc. cit.) were refluxed for 2 hours with 20 c.c. of acetic anhydride. 
The product was poured into hot water and kept overnight. The brown solid was recrystallised 
from dilute alcohol (charcoal). 2-Acetyl-3 : 3-dimethylphthalimidine (V, R = CO*CH;,) formed 
colourless needles (3 g.), m. p. 105—106° (Found : C, 70-6; H, 6-2; N,7-1. C,,H,,0,N requires 
C, 70:9; H, 6-4; N,6-9%). 2-4 G. of the acetyl compound were hydrolysed on the steam-bath 
with 10 c.c. of concentrated hydrochloric acid and 10 c.c. of water for 4 hours. The product 
was diluted with an equal bulk of water and kept overnight. Yield, 1-5 g. of 3 : 3-dimethyl- 
phthalimidine (V, R = H), which formed long colourless needles from dilute alcohol, m. p. 
162° (Found: C, 74:3; H, 7-1; N, 8-7. C,9H,,ON requires C, 74-5; H, 6-8; N, 8-7%). 

In attempts to synthesise the last compound, dimethylphthalide was. prepared by Bauer’s 
method (Ber., 1904, 37, 735). It crystallised from benzene—petrol in large cubic crystals, m. p. 
72°. Bauer gives m. p. 67°. It resisted the action of ammonia under the following conditions : 
Treatment of the molten substance with gaseous ammonia, either alone or in the presence of zinc 
chloride; treatment of the substance during 4 weeks at 0° with alcoholic ammonia. 

1 : 1-Dimethyl-3-amino-j-isoindole, when fused with zinc acetate at 350° in the usual way, 
gave only a very small amount of a benzazaporphin; 3: 3-dimethylphthalimidine, identified 
by m. p. and mixed m. p. (162°), condensed on the cool walls of the tube. Better results were 
obtained as follows: 2 G. of the base were mixed with 1 g. of anhydrous zinc acetate. The 
mixture was placed in four tubes, which were heated rapidly in a naked flame. A purple 
vapour giving a crimson condensate was evolved and at this stage the reaction was continued 
in an electrical heater at such a rate that the red liquid refluxed quietly. After about 45 minutes, 
the red colour faded and no further pigment appeared to be produced. The product was 
extracted in 30 c.c. of hot pyridine, the solution cooled, diluted with 100 c.c. of ether, filtered 
from black material, and passed through a column of alumina (30 x 2 cm.), which removed 
brown impurities, it was then concentrated to ca. 10 c.c. and again diluted with 100 c.c. of ether. 
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Violet crystals separated overnight (Found: C, 74-75; H, 3-9; Zn, 9-6. C,,H,,N,Zn requires 
C, 73:1; H, 3-3; Zn, 114%). Spectrum (in pyridine-ether) : 


I. II. III. IV. V. VI. 
6650 6410 6230 5690 4610 4320 a. 


VI>lI>I1lI>I1>IV,Vv 


The two strongest absorption bands and the high carbon content both indicate the presence of 
zinc tetrabenzporphin, and some removal of metal is shown by the low zinc content. 

III. Preparations from 3-Carboxymethylphthalimidine.—The acid was prepared by methods 
described in Part XVII (this vol., p. 1072) and was in the “‘ anhydrous ”’, i.e. cyclic, form. 

A mixture of 2 g. of the acid and 1 g. of zinc dust was poured into a tube, pre-heated to 
320°, and maintained at this temperature during 4 hours while nitrogen was passed through it. 
Water and a gas (presumably carbon dioxide) were evolved during the early stages, and an 
intensely purple condensate formed on the cool parts of the tube. The melt was finally cooled 
and dissolved in pyridine (35 c.c.), and the solution diluted with ether, filtered from a black 
precipitate, evaporated to small bulk, and diluted with methanol. (This convenient method of 
working up the product follows that used by Helberger in the preparation of zinc tetrabenz- 
porphin from methylphthalimidine.) The yield of crystalline zinc pigment was 0-51 g. Similar 
yields (about 30%) were obtained on a larger scale. A comparative experiment on the fusion of 
methylphthalimidine (2 g.) with zinc acetate (Helberger and Hevér, Joc. cit.) gave 0-27 g. of an 
identical product. It is probable, however, that neither of these substances was quite pure and 
that the recorded yields are too high. This point is being further investigated. 

Zinc tetrabenzporphin, purified by crystallisation from chloronaphthalene or by sublimation, 
formed fine needles with a blue reflex (Found: C, 75-6; H, 3-7; N, 10-1; Zn, 11-2. Calc. for 
CysH,»N,Zn: C, 75-3; H, 3-5; N, 9-8; Zn, 11-4%). Another preparation by the same method 
had suffered a slight removal of metal (Found: C, 76-6; H, 3-8; Zn, 10-2%). The analytically 
pure material gave a green solution in hot pyridine with a weak reddish-brown fluorescence. 
Zinc tetrabenzporphin dissolved in sulphuric acid to give a green solution, which, after hydrogen 
chloride had been bubbled through it for 1 hour, was filtered and poured on ice. The precip- 
itated tetrabenzporphin was washed free from acid, dried, crystallised from chloronaphthalene 
and sublimed; it formed long, steel-blue needles (Found for two separate preparations: C, 
84-6, 84-9; H, 4-2, 4-2; N, 1l-l. Calc. for CysH,sN,: C, 84:7; H, 4:35; N, 11-0%). When 
the zinc pigment was treated with sulphuric acid without hydrogen chloride, the tetrabenzpor- 
phin left an ash of 2-5% (zinc oxide). The metal-free pigment could be prepared directly from 
the crude product of the fusion of 3-carboxymethylphthalimidine and zinc as follows: The 
melt was powdered and extracted exhaustively with hot concentrated hydrochloric .acid— 
alcohol (1:3). The residue was dried, treated with hydrogen chloride and sulphuric acid, and 
purified as before. 

Quantitative oxidations. About 15 mg. of the compound were dissolved in 5—10 c.c. of 
concentrated sulphuric acid and precipitated by ice. 50C.c. of n/10-ceric sulphate were added, 
and the mixture heated at 100° for 40 minutes. The solution was cooled, and the excess of ceric 
sulphate estimated as usual (Found for metal-free tetrabenzporphin : 16-2, 16-3, 16-1 g.-atoms 
of oxygen; for the zinc derivative : 17-3, 16-85, 17-3 g.-atoms). 

The carbon dioxide evolution was estimated by the method used by Barrett, Linstead, and 
Tuey (loc. cit.) for tetrabenztriazaporphin. About 50 mg. of the pigment, dispersed as usual, 
were oxidised by means of 75 c.c. of n/10-ceric sulphate diluted with 50 c.c. of water, and the 
carbon dioxide led by means of a stream of nitrogen into n/10-baryta. The excess of baryta 
was titrated, and the excess of ceric sulphate determined in the usual way. Zinc tetrabenz- 
porphin took up 17-3 g.-atoms of oxygen and yielded 3-97 mols. of carbon dioxide. The 
oxidation of the metal-free pigment was incomplete under the same conditions. 

Other metallic derivatives of tetrabenzporphin. The copper derivative was made following 
the method of Helberger and Hevér (A mnalen, 1938, 536, 173) from tetrabenzporphin and cuprous 
chloride in quinoline (Found for sublimed material: C, 75-3; H, 4-0; Cu, 11-0. Calc. for 
C,,H,N,Cu: C, 75-5; H, 3-5; Cu, 11-2%). Ferrous tetrabenzporphin was similarly prepared 
(using ferrous chloride) and purified by sublimation. 

Magnesium tetrabenzporphin was prepared by heating 3-carboxymethylphthalimidine (2 g.) 
with 1 g. of magnesium powder at 320° for 4 hours. The usual formation of water and a purple 
condensate occurred. The pigment was isolated by the method already described for the zinc 
compound. As there was more contamination by tarry impurities, the pyridine—ether solution 
(after filtration) was percolated through a column of alumina before the pigment was crystallised. 
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The yield of crystalline material was variable and lower than that obtained by the use of zinc. 
The pigment crystallised from chloronaphthalene—methanol in a solvated form. This agrees 
with Helberger, von Rebay, and Hevér (loc. cit.), who prepared the same compound from methyl- 
phthalimidine and crystallised it from pyridine-methanol or acetone-methanol. They con- 
sidered it to be a monohydrate. Alternatively it is possible that it may contain one molecule of 
methanol [Found (present work): C, 78-3; H, 3-9; N, 9-6; Mg, 4:75. Found (Helberger 
et al.): C, 78-9; H, 4:0; N, 10-0; Mg, 5-5; O, 3-1. Calc. for C,;,H,»N,Mg,H,O: C, 78-5; 
H, 4:0; N, 10:2; Mg, 4:4; O, 2.9%. Calc. for C;,H,.N,Mg,CH,O: C, 78:7; H, 4:3; N, 
9-9; Mg, 4:3; O, 2°8%]. After sublimation the unsolvated magnesium derivative was obtained 
(Found : C, 80-7; H, 3-8; Mg, 4-8. C,H, 9N,Mg requires C, 81-2; H, 3-8; Mg, 45%). 

IV. Preparations from o-Cyanoacetophenone.—The preparation of o-cyanoacetophenone from 
o-bromoacetophenone and cuprous cyanide in pyridine (Helberger and von Rebay, Joc. cit.) 
was inconvenient owing to difficulties due to tar formation and gave variable yields. The 
following method was adopted: A solution of 10 g. of o-bromoacetophenone, 0-5 g. of iodine, 
and 5 g. of cuprous cyanide in 40 c.c. of phenylacetonitrile was stirred at 108—112° for 5} 
hours, cooled somewhat, and poured into 600 c.c. of ether. The tarry layer was extracted with 
ether and then with acetone. The original ethereal solution and the extracts were concentrated 
and the united residue was distilled from a flask with a wide side-arm. After the removal of 
phenylacetonitrile (b. p. 103—106°/10 mm.), the cyanoacetophenone distilled at 148—150°/10 
mm. and at once solidified. Yield 4-2 g.; m. p. 48°; semicarbazone, m. p. 219°. 

Copper tetrabenzmonazaporphin was prepared from the cyano-ketone (2 g.), following 
Helberger and von Rebay, and was crystallised from pyridine and then from chloronaphthalene. 
Yield, 0-12 g. (Found after sublimation: C, 73-0; H, 3-3; N, 12-6; Cu, 11-7. Calc. for 
C,;H,,N,Cu: C, 73:3; H, 3-35; N, 12-2; Cu, 11-1%). Spectrum in chloronaphthalene : 

I. Il. III. IV. 
6750 6470 6290 6020 a.; II = III >I>IV 

By the method used by Helberger for the preparation of copper tetrabenzdiazaporphin, 
1-0 g. of cyanoacetophenone, 0-5 g. of phthalonitrile, 0-6 g. of cuprous chloride, and 4 c.c. of 
quinoline yielded a pigment which was only partly soluble in boiling pyridine. The solution 
had the following spectrum in pyridine : 

I. II. III. IV. 
6720 6460 6220 6950 a.; I>I1I > III > IV. 
The portion insoluble in pyridine was extracted with boiling chloronaphthalene, and the crystal- 
line material sublimed (Found: C, 69-9; H, 3-0; N, 15-9; Cu, 11-5. Calc. for an equimolecular 
mixture of copper tetrabenz-diaza- and -triaza-porphin: C, 70-0; H, 3-1; N, 15-85; Cu, 11-1%). 
The spectrum was similar to that given above, but band IV was more intense than band III. 

V. Absorption Spectva.—Intensity measurements were carried out with a Hilger—Nutting 
spectrophotometer with a Pointolite lamp as the source of light. Solutions of pigments were 
prepared by dissolving an accurately weighed amount (about 1 mg.) either (i) in 20—30 c.c. of 
freshly distilled chloronaphthalene, boiling for a few minutes, cooling, and diluting to 100 c.c., 
or (it) in 15—20 c.c. of warm pyridine, cooling, and diluting to 100 c.c. with ether. Owing to the 
sparing solubility of the pigments there was always some doubt as to whether complete solution 
had been obtained prior to the measurements. Accordingly after about 5 days the solutions 
were again boiled for a few minutes and cooled, and the spectra re-examined. Agreement of 
the two sets of results indicated that no undissolved pigment was present during either measure- 
ment. The intensities of the bands of certain solutions decreased on standing in a manner which 
has already been described. The intensity measurements in such cases obviously have little 
quantitative significance and are not given numerically. 

A 2cm. tube was always used. For the measurement of the strongest bands, it was necessary 
to dilute the solutions, prepared as described above, four or even eight times. The intensity 
measurements in the blue and violet are less accurate than those in the orange and red regions. 

Intensity results are expressed in the usual way as logarithms of the molecular extinction 
coefficients. 

Results (these should be compared with the data already given for control purposes in the 
preparative work). 


Tetrabenzmonazaporphin, from imino-acid (chloronaphthalene). 


Amax. 6900 6690 6390 6260 6100 4390 4240 a. 
log €max. --- 4°45 4-72 4-34 4-57 4-40 4-87 4-89 


There are also weak bands at 6010 and 5830 a 
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Copper tetrabenzmonazaporphin (chloronaphthalene). 
| 6780 6510 6300 5980 5740 4620 4220 a. 
log €nax. --- 4:17 5-01 4-89 4-25 4-11 3-75 4-93 
Zinc tetvrabenzmonazaporphin (chloronaphthalene). 

7020 6760 6510 6330 6070 5900 5770 


Intensity weak medium medium high weak weak weak 
(pyridine—ether) 


6400 6240 6120 5900 5830 5710 
log €mix. --- 4 5-19 4-98 4-32 418 4-15 4-08 


and weaker bands at 5650 and 4540 a. 


Magnesium tetrabenzmonazaporphin (pyridine—ether). 

Amax. 6680 6450 6290 6170 6010 5920 4320 4210 A. 
log €max. --- 4°53 5-28 5-02 4-30 4-28 4-26 5-15 5-34 
Ferrous tetrabenzmonazaporphin (pyridine—ether). 


6440 6180 5980 4270 a. 
log €mex. --- 4°26 4-68 4-78 4-92 


Helberger and co-workers gave for the spectrum of this compound in pyridine-ether: I, 
6220; II, 6040; III, 5750; IV, 5550; end absorption, 4365 a. Bands I and II roughly corre- 
spond with two observed by us, and the end absorption corresponds with the intense band at 
4270 a. The weaker bands, 5750, 5550, observed by Helberger may perhaps be due to the 
presence of ferrous tetrabenzporphin (q.v.). 


Tetrabenzporphin (from 3-carboxymethylphthalimidine) (chloronaphthalene). 


6680 6210 6120 6040 5900 5760 5660 4380 4220 a. 
4-80 4-90 4-90 4-80 4-21 4-25 4-22 5-34 5-21 


The first four bands, which are easily measured visually, correspond closely with those observed 
(in pyridine solution) in our preparative work and (in quinoline solution) by Helberger. 


Copper tetrabenzporphin (chloronaphthalene). 


Amex. «+--+. 6700 6280 6120 6040 5780 4260 a. 
log €max. --- 4°50 5-22 4-71 4-63 4-33 5-40 


Helberger and Hevér (Amnalen, 1938, 536, 173) found (in pyridine-ether) two bands at 6230 and 
4290 a. corresponding with the two dominant bands above. 


Zinc tetrabenzporphin (pyridine—ether). 


6540 6320 6060 5900 5780 4580 4360 4260 4110 a. 
4-02 5-18 4-08 4-34 4-26 5-82 5-42 4-88 


Magnesium tetrabenzporphin (pyridine—ether). 


6540 6320 6060 5890 5790 4360 4250 4110 a. 
3-79 5-07 3-81 4-23 4-11 5-76 5-00 4:77 


Ferrous tetrabenzporphin (pyridine—ether). (chloronaphthalene). 


Amex. --- 5960 5740 5500 4280 A. 6190 5760 5480 a. 
log €max.--- 4°88 4-30 4-11 5-04 log €max.. --- 4°78 4-15 4-23 


Phthalocyanine derivatives. 


Substance. Solvent. 

Metal-free Chloronaphthalene  Armaz. 6360 6040 
log €max. . . 4-76 4-52 

Copper Agen 6120 5820 

; log €max. . . 477 411 4-00 

Zinc Amaz. 6110 a. and weaker bands. 
log €max, “ 4-54 

Magnesium Anes. 6480 6110 (fading) a. 
log €max. ? f 4-08 

Ferrous Arnaz. (fading) a. 
log €max. -20 

is Anex. (fading) a. 

log €max. , 
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Tetvabenztriazaporphin derivatives. 


Substance, Solvent. 


Metal-free | Chloronaphthalene Amax. 6520 6380 6220 5700 4620 a. 
log €max, ° 5-03 4-75 4-66 403 4-03 
Copper si A 6550 6270 6140 
501 458 4-57 3-85 
Zinc A 6540 6260 6130 4440 4265. 
23. 500 443 4-42 , 420 4651 
Magnesium Amax. 6810 6580 6300 6000 4480 a. 
4:96 482 4-30 418 418 
Ferrous A 6350 58204. 
° 467 4-23 
*9 Pyridine-ether 6250 5920 5710a. 
483 446 4-36 


We thank Imperial Chemical Industries Ltd. (Dyestuffs Group) for grants and gifts of 
chemicals. We are also much indebted to Professor I. M. Heilbron, F.R.S., for the provision 
of facilities to one of us (G. T.). : 


THE IMPERIAL COLLEGE, LONDON. 
THE UNIVERSITY OF SHEFFIELD. [Received, May 13th, 1940.] 





198. Derivatives of 1:2:3:4-Tetrahydroxybenzene. Part VI. The 
Oxidation of Quinol with Sodium Chlorate. 


By WItson BAKER and (Miss) I. Munk. 


The substance obtained by oxidising quinol with sodium chlorate in presence of 
osmium tetroxide is converted by acetic anhydride into 1: 2:3: 4-tetra-acetoxy- 
benzene. The properties of the oxidation product itself indicate that it is not 2: 3- 
dihydroxy-2 : 3-dihydrobenzoquinone (I) as previously suggested, but is probably a 
dimerjde of this compound. 


THE oxidation of quinol with aqueous sodium chlorate at room temperature in presence 
of hydrochloric acid and a trace of osmium tetroxide was studied by Terry and Milas 
(J. Amer. Chem. Soc., 1926, 48, 2647), who claim to have isolated a colourless, crystalline 
compound (decomp. 177—178°) in over 50% yield. These authors suggested that the 
substance was 2 : 3-dihydroxy-2 : 3-dihydrobenzoquinone (I), largely because 
0 on heating with excess of acetic anhydride for 48 hours it yielded a tetra- 
J HOH acetyl derivative, CgH,(OAc),, probably 1 : 2 : 3 : 4-tetra-acetoxybenzene, and 
| was itself clearly not identical with 1 : 2 : 3 : 4-tetrahydroxybenzene (Einhorn, 
\_/CHOH Cobliner, and Pfeiffer, Ber., 1904, 37, 106). Unfortunately Terry and Milas 
give no analytical data for their compound, and none of the many experi- 
(I.) ments carried out allows definite conclusions to be drawn as to its structure. 
Its molecular weight was determined ebullioscopically in water, and agreed 

with the formula C,H,O,. 

A number of attempts to prepare the oxidation product of quinol by the method of 
Terry and Milas were unsuccessful, but after many experiments we succeeded in pre- 
paring the compound in 20% yield, but only when about 10 times the amount of osmic 
acid was employed. We have confirmed the production of the tetra-acetyl derivative, 
C,H,(OAc),, by prolonged heating with acetic anhydride, but it is much more rapidly 
obtained by heating with acetic anhydride and anhydrous sodium acetate, and have 
proved that this substance is, in fact, 1: 2:3: 4-tetra-acetoxybenzene by simultaneous 
hydrolysis and methylation, 1 : 2 : 3 : 4-tetramethoxybenzene being obtained. 

With regard to the nature of the original oxidation product, analysis establishes the 
empirical formula (C,H,O,),, but we have been unable either to crystallise it from any 
organic solvent or to confirm the statement that the compound can be crystallised from 
hot water. The substance does dissolve somewhat in boiling water, but does not separate 
again on cooling or long standing. It is clear that it undergoes change in these circum- 
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stances, and hence no value can be attached to the molecular weight determination 
carried out by Terry and Milas. It rapidly dissolves in dilute alkalis to yellow-brown 
solutions which stain the skin, but from which the substance is not precipitated on acidi- 
fication. The alkaline solutions do not yield 1: 2:3: 4-tetramethoxybenzene on treat- 
ment with methyl sulphate. It is insoluble in alforganic solvents except bases, in which 
it dissolves easily, but it cannot be recovered from such solutions. The physical properties 
of the compound suggest that it is of rather high molecular weight, and we cannot agree 
with the suggestion of Terry and Milas that it is a simple diketo-form (I) of 1:2:3:4- 
tetrahydroxybenzene, since, even if these compounds were not actually tautomeric, they 
should be very similar in physical properties. The fact that the substance is definitely 
microcrystalline suggests that it is not an indefinite polymer of C,H,O,, but is most 
probably a dimeric form, for which we are not justified in advancing any one of the most 
likely formule. 

The expectation that the procedure of Terry and Milas would afford a convenient 
method for the preparation of derivatives of 1: 2:3: 4-tetrahydroxybenzene has not 
been realised, and the best method for the preparation of such compounds remains the 
oxidation of gallacetophenone 3:4-dimethyl ether with alkaline hydrogen peroxide 
(Baker, Jukes, and Subrahmanyam, J., 1934, 1683; line 3, for “‘ solidified’’ read 
“ acidified ’’). 

EXPERIMENTAL. 


Oxidation of Quinol with Sodium Chlorate and Osmium Tetroxide.—Quinol (10-8 g.) was 
dissolved in water (180 c.c.), N-hydrochloric acid then added, followed by sodium chlorate 
(10-8 g.) and a 1% solution of osmium tetroxide (12 c.c.). Immediately on the addition of 
the osmium tetroxide separation of p-benzoquinone and quinhydrone occurred, accompanied 
by a rise in temperature of some 10°, and the mixture was now shaken for 5 days. It then 
consisted of a pale yellow solution containing a white microcrystalline deposit, giving a silky 
appearance on gentle agitation. The solid was collected, thoroughly washed with water, then 
alcohol, and dried at 120° in a vacuum over potassium hydroxide (yield, 1-34 g.) [Found: C, 
50:7; H, 4:2. (C,H,O,), requires C, 50-7; H, 4.2%]. Owing to decomposition the m. p. of 
this product varies between 155° and 185° according to the rate of heating. As ordinarily 
determined, the substance melts and decomposes between 175° and 180°, but it starts to sinter 
and darken at about 155°. When rapidly heated, it darkens and melts at about 185°. The 
original filtrate was concentrated to 80 c.c. under diminished pressure at about 40°, and on 
standing a greyish crystalline crust was deposited. This was collected, washed, and dried 
(yield, 1-55 g.) and was identical in all its properties, including its conversion into 1: 2:3: 4- 
tetra-acetoxybenzene (below), with the material previously isolated. The total yield of the 
compound (2-89 g.) is 20% of the theoretical. 

1:2:3: 4-Tetva-acetoxybenzene.—The preceding compound (0-4 g.) was refluxed for 3 hours 
with acetic anhydride (5 c.c.) and anhydrous sodium acetate (0-5 g.), the solution shaken with 
water, and the resulting solid collected, washed, and crystallised twice from alcohol. It formed 
colourless needles, m. p. 134—136° [Found : C, 54-2; H, 4-5; Ac, 61-6. Calc. for C,H,(OAc), : 
C, 54:2; H, 4-6; Ac, 55-5%] (Einhorn, Cobliner, and Pfeiffer, loc. cit., record m. p. 136°). The 
oxidation product dissolved only very slowly in boiling acetic anhydride, and at 100° the 
reaction took 3 days for completion. At the b. p., however, the addition of anhydrous sodium 
acetate caused almost immediate solution of the compound with development of a pinkish 
colour. 

1:2:3:4-Tetramethoxybenzene.—The 1:2:3: 4-tetra-acetoxybenzene prepared above 
was subjected to simultaneous hydrolysis and methylation by shaking and warming in aqueous 
alcohol with methyl sulphate and 20% potassium hydroxide solution, the mixture being 
finally diluted with excess of alkali, and the alcohol removed by distillation. The resulting 
solid separated from light petroleum (b. p. 60—80°) in prisms, m. p. 84—85°. Its m. p. on 
admixture with 1 : 2: 3 : 4-tetramethoxybenzene (m. p. 85—86°) was 84—86° and the mixture 
solidified immediately on cooling. 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, June 14th, 1940.) 
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199. The Structure of Metanethole. 


By WILSON BAKER and J. ENDERBY. 


Metanethole, the crystalline dimeride of anethole, is readily prepared in 24% 
yield by heating anethole with 43% sulphuric acid, isoanethole, the liquid dimeride 
of anethole, being produced simultaneously in 70% yield. Metanethole is also 
formed by treating isoanethole with stannic chloride in chloroform, and is degraded 
to 2-anisoylanisic acid by chromic acid. It must, therefore, be the hydrindene 
derivative (V). 


Two dimeric forms of anethole are known. The unsaturated, liquid ssoanethole has the 
structure (I) (Goodall and Haworth, J., 1930, 2482), but very little is recorded about the 
crystalline dimeride, metanethole, which has hitherto been available only in small quantity. 
It is possible that the substance “ photoanethoil”, m. p. 207°, prepared by De Varda 
(Gazzetta, 1891, 21, 183) in 0-5% yield by exposing anethole to sunlight, is a dimeric anethole, 
and may be a cyclobutane derivative. 

Metanethole was first prepared by Gerhardt (J. pr. Chem., 1845, 36, 273) by the action of 
stannic chloride or antimony trichloride on anethoil. It was stated to melt above 100°, and 
its analysis agreed with the formula C,,H,,0. 

Perrenoud (Amnalen, 1877, 187, 68) prepared metanethole, m. p. 132°, in 5-5—10% 
yield by heating anethole with anhydrous zinc chloride; analysis established the empirical 
formula C, 9H,,0, and the author mentions a nitro-derivative, a bromo-substitution 
product (neither described), and a sulphonic acid convertible into a sulphonyl chloride. 
Chromic acid oxidation yielded only acetic acid. Grimaux (Bull. Soc. chim., 1896, 15, 
778) isolated a trace of metanethole from the product obtained by distilling anethole 
saturated with hydrogen chloride. Orndorff, Terasse, and Morton (Amer. Chem. J., 1897, 
19, 860) prepared it in 6-7% yield by Perrenoud’s method; they record m. p. 133—133-5°, 
proved by analysis and molecular weight determination that it was a dimeric anethole, 
CopH,,02, and, as it behaved as a saturated compound, suggested that it might be a 
cyclobutane derivative. Traces of metanethole were prepared by Puxeddu (Gazzetta, 1920, 
50, i, 149) by the action of anhydrous ferric chloride on an ethereal solution of anethole, and 
by Staudinger and Brunner (Helv. Chim. Acta, 1929, 12, 972) by the action of stannic 
chloride on a solution of anethole in toluene at 100°. The most promising method (yield 
unstated) appeared to be that described by Glichitch (Bull. Soc. chim., 1924, 35, 1160), who 
boiled anethole with 90% formic acid; we have obtained only a 5% yield, however, under 
these conditions, but have raised the yield to 7% by using 80% formic acid for 1 hour; in 
either case the acid-free product was distilled in a vacuum, and the metanethole separated 
from the isoanethole by the addition of alcohol to the lower-boiling fraction. 

We have now found that metanethole is available very simply from anethole in 24% 
yield by refluxing with 43% sulphuric acid with vigorous mechanical stirring, and is 
readily separated from the isoanethole produced simultaneously in some 70% yield by 
taking advantage of the fact that, whilst zsoanethole is totally miscible with alcohol, the 
solubility of metanethole is only 0-09 g. in 100 g. of alcohol at 15°. isoAnethole, which 
forms no simple crystalline derivative, is best characterised by catalytic reduction to 
dihydrotsoanethole, followed by demethylation with hydrobromic acid in acetic acid to the 
crystalline 1 : 3-di-p-hydroxyphenyl-2-methyl-n-pentane (cf. Campbell, Dodds, and Lawson, 
Proc. Roy. Soc., 1940, B, 128, 253). Metanethole and ssoanethole are produced in almost 
similar proportions by the action of 43% sulphuric acid upon #-methoxy-«-methyl- 
cinnamic acid, the mechanism of the reaction being undoubtedly decarboxylation to anthole 
(see Perkin, J., 1877, 31,411; Moureu and Chauvet, Compt. rend., 1897, 124, 404), followed 
by dimerisation. 

Metanethole readily yields crystalline dibromo- and dinitro-derivatives, and is de- 
methylated by hydrobromic acid in acetic acid to the dihydric phenol, which may be 
termed “‘ metanethol’’. Treatment of metanethol with alkali and methyl sulphate re- 
generates metanethole. Metanethole proved remarkably resistant towards oxidation with 
potassium permanganate, but dinitrometanethole was attacked, yielding 3-nitroanisic 
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acid, and a smaller quantity of another acid, whose formation was capricious and which 
was not subjected to detailed examination. There can, however, be little doubt that this 
second acid is 5(or 3)-mnitro-2-(3’-nitroanisoyl)anisic acid. Chromic acid in acetic acid 
readily attacks metanethole, giving anisic acid under vigorous conditions, but under milder 
conditions a 24% yield of 2-anisoylanisic acid (II) is obtained, thus proving the presence of 
the partial structure (III). It is assumed that the propenyl group of anethole does not 
undergo isomeric change to the allyl group; such a reaction is unknown, and is extremely 
unlikely in view of the ease with which the reverse reaction occurs. The formation of 
2-anisoylanisic acid excludes the possibility of metanethole being a dimethoxy-9: 10- 
diethyl-9 : 10-dihydroanthracene (cf. structure of dissoeugenol; Haworth and Mavin, 
J., 1931, 1363), since, although it possesses the necessary carbon skeleton, such compounds 
do not in fact yield 2-aroylbenzoic acids on oxidatfon, nor could they be expected to do so. 
A specimen of 2-anisoylanisic acid was prepared synthetically from 4-methoxyphthalic 
anhydride and anisole, and proved identical with that prepared by the degradation of 
metanethole. The formation of this acid and not the other possible isomeride, 2-anisoyl- 
5-methoxybenzoic acid, was expected on theoretical grounds; it may be noted that the 
latter acid could not arise by the degradation of any possible dimeride of anethole. 
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The partial structure (III) leads to three possible formule for metanethole, (IV), (V), 
and (VI). The tetrahydronaphthalene structure (IV) is attractive owing to its relation to 
the natural lignans, but it involves the gf’ -linking of the side chains, a type of reaction 
which, we believe, has not yet been observed im vitro (it may be noted that the aa’-linking 
of side chains occurs in the formation of traces of 4: 4’-dihydroxy-yé-diphenyl-n-hexane 
during the demethylation of anethole; see Campbell, Dodds, and Lawson, Joc. cit.). 
Moreover we have been unable to dehydrogenate metanethole to a naphthalene derivative 
by the use of sulphur, palladised charcoal, Hiibl’s iodine solution (see Schroeter, Lichten- 
stadt, and Irineu, Ber., 1918, 51, 1609), lead tetra-acetate (see Erdtmann, Annalen, 1934, 
513, 238), or an eccess of bromine, and this fact, coupled with further evidence given below, 
enables formula (IV) to be rejected. 

Both the hydrindene structures (V) and (VI) are equally probable in so far as they 
involve the «®’ -linking of the side chains as in isoanethole (I) and the polymeric forms of 
styrene, etc., but it is doubtful if (VI) would easily yield 2-anisoylanisic acid on oxidation, 
whereas (V) would readily give this acid. Formula (V), as distinct from (VI), further 
represents a molecule which might be derived by a simple process of ring-closure from 
isoanethole (I). Attempts were, therefore, made to convert isoanethole into metanethole ; 
this is not brought about either by the action of methyl-alcoholic hydrogen chloride (usual 
method of preparing tsoanethole from anethole, whereby no metanethole is produced), or by 
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boiling with 43% sulphuric acid, since in the simultaneous preparation of metanethole 
and isoanethole described in this paper the yield of metanethole rises to a maximum of 
24%, and no further metanethole is produced however long the experiment is continued. 
It has now been found that a 10% yield of metanethole can be obtained from isoanethole 
by treatment in chloroform solution with stannic chloride, conditions which convert 
anethole into high molecular weight polymers without the formation of metanethole. 
Hence a direct conversion of isoanethole into metanethole must have occurred without 
preliminary depolymerisation to anethole, thus proving that the two substances possess the 
same arrangement of the side-chain carbon atoms, and, therefore, excluding formula (IV). 
Two reasons for preferring (V) to (VI) have already been given, but a further reason is the 
following. In the conversion of anethole into metanethole and isoanethole by sulphuric 
acid, the former does not arise from the latter, but probably from the intermediate (VII), 
and in the subsequent ring closure to metanethole that required by formula (VI) involves 
the unlikely addition of a proton to the more weakly anionoid of the two ethylenic carbon 
atoms, whereas ring closure to formula (V) is in accordance with theoretical expectations. 
We, therefore, conclude that metanethole must be one of the four possible racemic forms 
of structure (V), which contains three dissimilar asymmetrical carbon atoms, and is 
6-methoxy-1-p-methoxyphenyl-2-methyl-3-ethylhydrindene. Liquid stereoisomerides of (V) 
are probably produced simultaneously with metanethole by the action of stannic chloride 
upon tsoanethole (see experimental section). 

The structure now assigned to metanethole has a bearing on the structure of 
“methronol ’’, a saturated liquid hydrocarbon, C,,H.s, prepared by Erdmann (Amnalen, 
1885, 227, 249) by boiling «-methylcinnamic acid with dilute sulphuric acid. ‘‘ Methronol ” 
gave o-benzoylbenzoic acid on oxidation with chromic acid, and structures corresponding 
to formule (IV) and (V) were considered. Of these, Erdmann preferred to regard it as 
1-phenyl-2 : 3-dimethyl-1 : 2 : 3 : 4-tetrahydronaphthalene, but it is much more probable 
that ‘‘ methronol ” is 1-phenyl-2-methyl-3-ethylhydrindene, corresponding to structure (V) 
for metanethole. ; 


EXPERIMENTAL. 


Metanethole (V) and isoAnethole (I).—(a) From anethole. A mixture of anethole (100 g.), 
water (600 c.c.), and concentrated sulphuric acid (250 c.c.) was boiled under reflux on a sand- 
bath with vigorous mechanical stirring for 7 hours (the odour of anethole had then disappeared, 
and the top organic layer, on cooling, became semi-solid with metanethole). While hot, the 
lower acid layer was carefully syphoned off, the top layer heated on the water-bath with alcohol 
(400 c.c.) and thoroughly cooled, and after several hours the colourless, crystalline metanethole 
collected, washed with cold alcohol, and dried (yield, 24 g.). This product was almost pure, 
and had m. p. 131—132° (Found in material crystallised several times from alcohol, m. p. 134°: 
C, 80-8; H, 8-3. Calc. for C,H,,O,: C 81-0; H, 8-1%). 

After the addition of water (200 c.c.) the alcohol was distilled from the filtrate and washings 
under slightly diminished pressure, and the residual mixture made alkaline with sodium 
hydroxide and extracted with carbon tetrachloride. The extracts were dried and distilled, 
finally under diminished pressure. The following fractions were collected: (1) b. p. up to 
190°/0-1 mm. (3-5 g.); this contained a little anethole and a trace of metanethole which 
crystallised on the addition of alcohol; (2) b. p. 190—200°/0-1 mm. (62 g.); nearly all this 
fraction boiled at 192—193°/0-1 mm. and consisted of almost pure isoanethole, which, however, 
deposited a trace of crystalline metanethole on long standing; (3) b. p. 200—220°/0-1 mm. 
(6 g.), mainly isoanethole; the residue (4 g.) was dark brown and very viscous. Redistillation 
of fraction (2) gave pure isoanethole as a faintly yellow oil, b. p. 192—193°/0-1 mm., mj" 1-5867 
(Found: C, 81-0; H, 8-1. Calc. for C,,H,,O,: C, 81-0 ; H, 8-1%). A specimen of isoanethole 
prepared by the method of Goodall and Haworth (loc. cit.) had b. p. 192—193°/0-1 mm., 
nw 1-5863. The product was further recognised as isoanethole by oxidation with potassium 
permanganate in acetone, giving anisic acid and a-p-methoxyphenyl-n-propyl methyl ketone 
(semicarbazone, m. p. 189°; oxime, m. p. 84°; anisylidene derivative, m. p. 76°—Campbell, 
Dodds, and Lawson, Joc. cit.) in the proportions recorded by Goodall and Haworth. 

(b) From p-methoxy-a-methylcinnamic acid. A mixture of the acid (10 g.), water (60 c.c.), 
and concentrated sulphuric acid (25 c.c.) was vigorously stirred at the b. p. for 16 hours, giving a 
semi-solid product resembling that obtained under (a). Its solution in carbon tetrachloride 
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yielded the unchanged acid (1 g.) to aqueous sodium carbonate; removal of the solvent and 
addition of alcohol gave metanethole (2 g.), and distillation of the filtrate gave isoanethole (4 g.). 

1 : 3-Di-p-hydroxyphenyl-2-methyl-1-ethylpropane.—isoAnethole prepared as described above 
was reduced to the dihydro-compound with hydrogen in presence of a palladium-strontium 
carbonate catalyst (Campbell, Dodds, and Lawson). The dihydroisoanethole, b. p. 187— 
188°/0-06 mm. (lit., b. p. 167°/0-08—0-09 mm.) (5 g.) was refluxed for 8 hours with acetic acid 
(20 c.c.) and hydrobromic acid (20 c.c.; d 1-5), the mixture diluted and extracted with ether, the 
extracts shaken with aqueous sodium bicarbonate and then with sodium hydroxide solution, 
and the latter solution acidified and extracted with ether. The extract yielded an oil which 
solidified in contact with chloroform, and separated from the same solvent as a crystalline powder, 
m. p. 126—127° (Campbell, Dodds, and Lawson record m. p. 128° for the product crystallised 
from cyclohexane). 

Dibromometanethole.—Metanethole (3 g.), suspended in glacial acetic acid (20 c.c.), when 
treated at room temperature with a solution of bromine (4 g.) in acetic acid (40 c.c.), rapidly 
dissolved. After standing overnight, the crystalline dibromometanethole was collected (3-4 g.) 
and washed with and crystallised from acetic acid, from which it separated in colourless, quartz- 
like prisms, m. p. 135° (Found: C, 52-6; H, 4:8; Br, 32-1. C,,H,,O,Br, requires C, 52-8; 
H, 4-9; Br, 35-2%). A further small quantity of the compound was obtained by diluting the 
first acetic acid filtrate. 

Metanethol_—Pure metanethole (2 g.) was refluxed (oil-bath for 44 hours) with acetic acid 
(20 c.c.) and hydrobromic acid (12 c.c.; d 1-5), the mixture poured into water, and the solid 
collected and washed. It separated from dilute alcohol in thin, colourless, prismatic needles 
containing water of crystallisation, m. p. ca. 83°, but was best crystallised from light petroleum 
(b. p. 100—120°), from which it separated in the anhydrous form, m. p. 156—157° (Found: 
C, 80-3 ; H, 7-4. C,gH,,O, requires C, 80-6; H, 7-4%). The compound is difficult to purify, 
and loss of crystalline material always occurs during A REE ; the m. p. is, moreover, 
greatly lowered if the compound is not completely dry. 

Dinitrometanethole.—Metanethole (5 g.) was dissolved in hot glacial acetic acid (75 c.c.), 
the solution cooled rapidly to obtain a fine crystalline suspension, and concentrated nitric acid 
(25 c.c.; d 1-42) added. The metanethole dissolved (} hour) to an orange solution, and, after 
standing overnight, the crystalline product (3-5 g.) was collected, washed with cold acetic acid, 
and crystallised from hot alcohol (600 c.c.). Dinitrometanethole separated in pale yellow, fern-like, 
crystalline growths, m. p. 190° (Found: C, 62:1; H, 5-8; N, 7:3. C,9H,,O,N, requires 
C, 62:2; H, 5:7; N, 7:2%). 

Oxidation of Dinitrometanethole to 3-Nitroanisic Acid and 5(or 3)-Nitro-2-(3'-nitroanisoyl)- 
anisic Acid.—Dinitrometanethole (3-2 g.) was dissolved on the water-bath in a mixture of acetic 
acid (250 c.c.) and water (50 c.c.), and oxidised by the addition, in portions of several grams, 
of powdered potassium permanganate (50 g.), the heat of the reaction being sufficient to keep 
the solution gently boiling without further heating. The reaction mixture was cooled, diluted, 
acidified with sulphuric acid, and, after sulphur dioxide had been passed in slight excess, 
extracted twice with warm ethyl acetate. The ethyl acetate solution was shaken with water, 
and then with successive small quantities of dilute sodium hydroxide solution until a yellow 
aqueous alkaline layer was obtained. On acidification this deposited a crystalline product 
(0-28 g.), which largely dissolved in boiling water ; the hot filtered solution after treatment with 
charcoal deposited 3-nitroanisic acid in small crystals, m. p. 187°; the mixed m. p. with authentic 
3-nitroanisic acid (m. p. 188—189°) was 187—189°. The water-insoluble acid, the amount of 
which varied considerably in different experiments, separated from dilute alcohol in bunches of 
minute needles, m. p. 221—222° (Found: C, 50-2; H, 3-5; N, 7-7. C,gH,,0O,N, requires 
C, 51-1; H, 3-2; N, 7-4%). 

Oxidation of Metanethole to 2-Anisoylanisic Acid (II) and Anisic Acid.—Metanethole (4 g-), 
suspended in acetic acid (40 c.c.) containing concentrated sulphuric acid (8 ¢c.), was oxidised by 
the addition in portions of a solution of chromic acid (10 g.) in acetic acid (50 c.c.) and water 
(4 c.c.), the temperature being kept at about 40° by occasional cooling. After dilution, the 
solution was extracted twice with warm ethyl acetate, and the extracts shaken with water and 
then with aqueous sodium hydroxide; the alkaline layer yielded a pale brown, crystalline acid, 
which was washed and dried (0-75 g.), and crystallised twice from 50% alcohol (charcoal). 
2-Anisoylanisic acid separated in faintly brownish, fern-like crystals, m. p. 208° (Found : 
C, 67-1; H, 48. C,,H,,O, requires C, 67-1; H, 49%). The m. p. was not depressed on 
admixture with 2-anisoylanisic acid synthesised as described below. The ethyl acetate layer, 
when distilled and treated with alcohol, gave unchanged metanethole (0-8 g.), and the mother- 
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liquors contained a trace of a bright yellow organic substance which could not be isolated. 
More vigorous oxidation of metanethole with a large excess of chromic acid at the b. p. of acetic 
acid gave anisic acid, m. p. and mixed m. p. 180—181°. 

2-Anisoylanisic Acid.—A mixture of 4-methoxyphthalic anhydride (3-2 g.), anisole (13 g.), 
and powdered anhydrous aluminium chloride (4 g.) was heated at 80° for 4 hours, the mixture 
poured into dilute hydrochloric acid and ice, and the insoluble material collected and treated 
with sodium carbonate solution. The alkaline filtrate yielded a solid product on acidification, 
from which the 4-methoxyphthalic acid was removed by conversion into the anhydride by 
heating for 4 hour at 170° and extraction with hot benzene, in which the anhydride was readily 
soluble but the 2-anisoylanisic acid was insoluble. The colourless residue was crystallised from 
50% alcohol, giving 2-anisoylanisic acid, m. p. and mixed m. p. 207—208°. 

Conversion of isoA nethole into Metanethole.—To a solution of isoanethole (5 g.) in chloroform 
(10 c.c.), anhydrous stannic chloride (2 g.) was added; the red solution was kept for 2 hours at 
25° and then shaken with dilute hydrochloric acid. _The chloroform layer was washed with 
aqueous sodium hydroxide, dried, and distilled, leaving a pale yellow oil, which was dissolved in 
warm alcohol (50 c.c.) and kept overnight at 0°. Metanethole (0-5 g.; m. p. ca. 128°) crystal- 
lised, and was obtained pure after one recrystallisation from alcohol. If the reaction is con- 
tinued for a longer period, the thick oily product obtained after removal of the metanethole is 
incompletely soluble in alcohol, and probably contains stereoisomerides of metanethole. 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, June 21st, 1940.] 





200. The Constituents of Natural Phenolic Resins. Part XVII. 
A Synthesis of 1-Matairesinol. 


By RoBerT D. HAworTH and FRANK H. SLINGER. 


By protection of the phenolic group of vanillin with a benzyl group, the series of 
reactions previously used (J., 1939, 154) for the preparation of d-, J-, and dl-matairesinol 
dimethyl ether has now been extended to the synthesis of the naturally occurring 
l-matairesinol (III; R =H). The d- and the di-modification of the phenol have also 
been obtained, but not in a crystalline state. 


As no successful syntheses of the phenolic resinols have previously been reported, it was of 
interest to ascertain whether the method recently used (J., 1939, 154) for the preparation of 
d-, l-, and dl-matairesinol dimethyl ether (III; R = Me) was capable of extension to the 
synthesis of d-, -, and dl-matairesinol (III; R = H). 


MeO 


Suitable conditions for the preparation of (I; R = H) from vanillin could not be dis- 
covered, and it was therefore necessary to protect the phenolic group with a radical, stable 
towards the alkaline conditions used in some of the stages of the synthesis, but capable of 
ultimate removal from the molecule. The benzyl group was selected for this purpose, and 
although the condensation product of O-benzylvanillin and ethyl succinate could not be 
isolated in a crystalline condition, reduction of the crude product with sodium amalgam 
yielded meso-«f-di-(4-benzyloxy-3-methoxybenzyl)succinic acid (I; R = CH,Ph), m. p. 203°, 
in 25% yield. Debenzylation of this acid with concentrated hydrochloric acid gave meso- 
af-di-(4-hydroxy-3-methoxybenzyl)succinic acid (I; R =H), m. p. 228—229°, which on 
methylation yielded the dimethyl ether, identical with meso-a®-di-(3 : 4-dimethoxybenzy])- 
succinic acid (I; R = Me) described previously (loc. cit.). Attempts to convert the 
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0-benzyl ether (I; R =CH,Ph) into the anhydride (II; R =CH,Ph) by dehydration 
with acetic anhydride, acetyl chloride, phosphoric oxide or pyrolysis were unsuccessful. 
The reason for this failure is obscure; recognisable products were not obtained, but there 
are indications that either decarboxylation or ring closure, possibly to a 1-keto-2-benzyl- 
tetrahydronaphthalene-3-carboxylic acid, may be responsible for the abnormal results. 
These unexpected difficulties led to an investigation of the action of acetic anhydride on 
meso-«.8-di-(4-hydroxy-3-methoxybenzyl)succinic acid (I; R =H). An oil was obtained, 
which was converted into (a) dl-a®-di-(4-acetoxy-3-methoxybenzyl)succinic acid (I; R= 
CO-CH,) by boiling with water, (b) dl-«$-di-(4-hydroxy-3-methoxybenzyl)succinic acid (I; 
R = H), m. p. 194—195°, by hydrolysis with sodium hydroxide or preferably with hydro- 
chloric acid, and (c) into d/-matairesinol dimethyl ether (III; R = Me) by reduction with 
aluminium amalgam in moist ether—benzene solution and subsequent methylation of the 
oily lactonic product. It is probable from these observations that the oil obtained by the 
action of acetic anhydride on the meso-acid (I; R =H) consists essentially of the trans- 
form of «f-di-(4-acetoxy-3-methoxybenzyl)succinic anhydride (II; R = CO-CH,). 
Resolution of dl-«$-di-(4-hydroxy-3-methoxybenzyl)succinic acid (I; R =H) was 
effected by fractional crystallisation of the strychnine salt. A pure salt, [a]? — 18°, was 
isolated from the ‘‘ head ”’ fractions, but preliminary attempts to recover the acid with 
either sodium hydroxide or aqueous ammonia were accompanied by some racemisation. 
Eventually the l-acid (I; R = H), («]}° — 47°, was obtained by decomposing a chloroform 
solution of the strychnine salt with cold sodium bicarbonate solution. This /-acid gave, 
with acetic anhydride, an oily anhydride, which was converted into /-matairesinol (III; 
R =H), m. p. 116—117°, [a] — 46°, by reduction with aluminium amalgam in moist 
ether—benzene solution. The identity of the product with /-matairesinol obtained from 
Podocarpus spicatus was established by direct comparison of the phenols and by comparison 
of the dimethyl ethers and di-p-nitrobenzoyl derivatives. 
As the mother-liquors from the crystallisation of the strychnine salt, [a] — 18°, did not 
yield a second stereochemically homogeneous salt, the acid was recovered with sodium 


bicarbonate and combined with brucine. A small, amount of a brucine salt of constant 
%p value was obtained, from which a slightly impure d-form, [a]>° + 40°, of the acid (I; 
R = H) was regenerated. This d-acid gave an oily anhydride, which yielded d-matairesinol 
(III; R =H) on reduction with aluminium amalgam in the usual way. This optical anti- 
pode of the natural resinol has not been obtained in a crystalline state, but the oil was 
converted almost quantitatively into d-matairesinol dimethyl ether (loc. cit.) by the action 
of methyl sulphate. 


EXPERIMENTAL. 


meso-a8-Di-(4-benzyloxy-3-methoxybenzyl)succinic Acid (I; R = CH,Ph).—A solution of 
ethyl succinate (4-4 g.) and O-benzylvanillin (12-1 g.) in anhydrous ether (100 c.c.) was added, 
with cooling and shaking, to a suspension of sodium ethoxide (from sodium, 1-12 g.) in ether 
(50 c.c.); a yellow precipitate rapidly separated. The mixture was kept for 24 hours in the 
ice-chest, water (50 c.c.) then added, and the aqueous layer heated on the water-bath with 4% 
sodium amalgam (1000 g.) for 6 hours, excess alkalinity being destroyed by a continuous stream 
of carbon dioxide. The filtered solution was acidified with hydrochloric acid, and the acid 
(I; R = CH,Ph), which separated as an oil and rapidly hardened, was collected after 12 hours 
and crystallised first from glacial acetic acid and then from alcohol, forming rosettes of colourless 
needles (3-5 8-), m. p. 203° (Found: C, 71-6; H, 5-6; equiv., 288. C,,H,,O, requires C, 71-6; 
H, 6-0%; equiv., 285). 

The acid (I; R = CH,Ph) (0-5 g.), boiled with acetic anhydride (5 c.c.) for periods varying 
from 15 minutes to 6 hours, yielded, after removal of the excess of acetic anhydride, an oil 
which solidified on trituration with ether. The product, m. p. 90—110° (Found: equiv., 453), 
could not be purified by crystallisation or distillation in a vacuum, and alkaline hydrolysis gave 
an intractable gum. The acid (I; R = CH,Ph) (0-1 g.) was heated for 1 hour at 220°; the 
product was dissolved in benzene and washed with sodium bicarbonate solution, and the benzene 
removed; the residual amorphous solid did not melt at 300°. The acid (I; R — CH,Ph) 
(0-5 g.) was boiled for 15 minutes with a suspension of phosphoric oxide (2 g.) in benzene (10 c.c.), 
and water added. After recovery of unchanged acid with sodium bicarbonate, the benzene was 
removed, and the residual oil crystallised from benzene—ligroin, small prisms, m. p. 148° (Found : 

4D 
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C, 74:2; H, 57%; equiv., 555), being obtained in 50% yield. Alkaline hydrolysis of this 
product yielded a substance, crystallising from aqueous alcohol in small prisms, m. p. 129— 
130° (Found: C, 71-0; H, 6-0%; equiv., 540). This product, which was soluble in sodium 
hydroxide but insoluble in bicarbonate solution, gave a negative ferric test and failed to couple 
with diazonium compounds. 

meso-af-Di-(4-hydroxy-3-methoxybenzyl)succinic Acid (1; R=H).—After af-di-(4 
benzyloxy-3-methoxybenzyl)succinic acid (I; R = CH,Ph) (0-5 g.) had been boiled with a 
mixture of concentrated hydrochloric acid (7 c.c.) and acetic acid (20 c.c.) for 1 hour, the solution 
was evaporated to dryness under reduced pressure. The residue was dissolved in methyl 
alcohol (0-5 c.c.) and poured into acetic acid (5 c.c.); the acid (I; R = H) (0-27 g.) gradually 
separated in small rhombs, m. p. 228—229° (Found: C, 61-5; H, 5-6; equiv., 195. C,9H,,0, 
requires C, 61-5; H, 5-6%; equiv., 195). The methyl ester, prepared by the action of methyl- 
alcoholic hydrogen chloride, crystallised from methyl alcohol in slender prisms, m. p. 169—170° 
(Found: C, 63:1; H, 6:2. C,,H,.O, requires C, 63-1; H, 6-2%), which gave the meso-acid (I; 
R = H) on hydrolysis with methyl-alcoholic potassium hydroxide. Methylation of the meso-acid 
(I; R = H) with methyl sulphate in sodium hydroxide solution gave a mixture of meso-a$- 
di-(3 : 4-dimethoxybenzyl)succinic acid, m. p. 222—-223°, and the corresponding methyl ester, 
m. p. 137°, which were identified by comparison with authentic specimens (loc. cit.; J., 1939, 
1240). 

dl-a8-Di-(4-hydroxy-3-methoxybenzyl)succinic Acid (1; R = H).—The meso-acid (I; R = H) 
(5 g.) was boiled with acetic anhydride (25 c.c.) for 15 minutes. Removal of the solvent under 
reduced pressure left an oily anhydride, which was hydrolysed by boiling with water for 1 hour 
to dl-a-di-(4-acetoxy-3-methoxybenzyl)succinic acid (I; R = CO*CH,); this, isolated with ether, 
crystallised from ether—benzene in stout prisms, m. p. 129—130° (Found: C, 60-2; H, 5:8; 
CO-CH,, 19-0. C.,H,,019 requires C, 60-6; H, 5-5; CO»*CH;, 18-9%). The oily anhydride (1 g.) 
was refluxed for 1 hour with n-hydrochloric acid (25 c.c.); the dl-acid (I; R = H) crystallised 
from the hot solution in rosettes of needles (1 g.), m. p. 194—195° (Found: C, 61-3; H, 5-8; 
equiv., 202. C, .H,,O, requires C, 61-5; H, 5-6%; equiv., 195). Methylation of the dl-acid (I; 
R =H) with methyl sulphate yielded dl-«8-di-(3 : 4-dimethoxybenzyl)succinic acid together 
with a small amount of the corresponding methyl ester (loc. cit.; J., 1939, 1240). 

Resolution of the dl-Acid (I; R = H).—The acid (3-0 g.) and strychnine (5-1 g.) were mixed 
in chloroform solution. The solvent was removed and replaced by hot alcohol containing 10% 
of water. The stout prisms (3-83 g.) which separated on cooling were twice crystallised from 
aqueous alcohol; prisms (3-0 g.), shrinking at 145° and melting at 247°, were obtained (Found : 
C, 61-0; H, 7-1; loss in weight over P,O,, 13-6. 2C,,H,,0,N,,C,.H,,.0,,9H,O requires C, 61-0; 
H, 6-9; loss in weight, 13:3%). In chloroform solution (c, 2-00) it gave [a]}7” — 18°. This 
strychnine salt was dissolved in chloroform and shaken with sodium bicarbonate solution; the 
l-acid (I; R = H), liberated by acidification of the bicarbonate extract and isolated with ether, 
crystallised from ether—benzene in rosettes of needles, m. p. 109° (Found: C, 60-9; H, 5-8. 
Cy>H,,0, requires C, 61-5; H, 5-6%). In alcoholic solution (c, 2-00) it gave [a]}7”" — 47°. The 
mother-liquors from the crystallisation of the strychnine salt described above were evaporated, 
the residue taken up in chloroform and decomposed with sodium bicarbonate, and the acid 
(1-7 g.) recovered. This was treated with brucine (3-4 g.) in chloroform, and the resultant salts 
crystallised from aqueous alcohol. After three crystallisations the ‘‘ head ”’ fractions yielded 
a brucine salt in colourless prisms (0-5 g.), which in chloroform solution (c, 2-00) gave {a} — 54°. 
The d-acid, recovered with sodium bicarbonate in the usual way, separated from ether—benzene 
in rosettes of needles, m. p. 106—108° (Found: C, 61-2; H, 5-7%). In alcoholic solution 
(c, 2-00) it gave [a]}®* + 40°. 

l-, d-, and dl-Matairesinol (III; R = H).—1-«8-Di-(4-hydroxy-3-methoxybenzyl)succinic 
acid (I; R = H) (0-6 g.) was boiled with acetic anhydride (6 c.c.) for 15 minutes. After removal 
of the solvent in a vacuum, the residual gum was dissolved in a mixture of benzene (20 c.c.) 
and ether (30 c.c.) added to aluminium amalgam (3-5 g.), and reduced at room temperature by 
three-hourly additions of a few drops of water during 3 days. The liquid was filtered, the 
alumina dissolved in dilute sulphuric acid, and the remaining gum extracted with chloroform 
and added to the benzene-ether filtrate, which was then evaporated. The residual oil was 
refluxed for 4 hour with 5% methyl-alcoholic potassium hydroxide (20 c.c.), and after dilution 
with water the alcohol was removed. The filtered aqueous solution was acidified with hydro- 
chloric acid and lactonised by heating at 100° for l hour. The product, isolated with chloroform, 
and washed with sodium bicarbonate, separated after two crystallisations from methyl alcohol 
(carbon) in stout prisms (0-06 g.), m. p. 116—117° (Found : C, 67-2; H, 6-6. Calc. for C,gH,,0, : 
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C, 67-0; H, 6-3%), undepressed by admixture with natural /-matairesinol. In acetone solution 
(c, 1:00) the synthetic resinol gave [a]}" — 46°, and on methylation it yielded /-matairesinol 
dimethyl ether, m. p. and mixed m. p. 125—126°. The di-p-nitrobenzoate, obtained from either 
the synthetic or the natural resinol by treatment with p-nitrobenzoyl chloride in pyridine, 
crystallised from methyl alcohol-chloroform in solvated slender prisms, m. p. 95—156°, and 
from dilute acetic acid in micro-prisms, m. p. 157—158° (Found : C, 61-9; H, 4:3. C,,H,,0,,N, 
requires C, 62-2; H, 4-3%). In chloroform solution (c, 1-0) it gave [«]}* + 9°. - 

The conversion of the d- and the dl-modification of the phenolic acid (I; R = H) into 
d- and dl-matairesinol, respectively, was carried out under conditions similar to those described 
above for the /-acid. The products, which have so far resisted purification, yielded d- and 
dl-matairesinol dimethyl ether, respectively, on treatment with methyl sulphate in alkaline 
solution. 


One of us (F. H. S.) wishes to thank the Department of Scientific and Industrial Research 
for a maintenance grant, and we are indebted to Imperial Chemical Industries Ltd. (Dyestuffs 
Group) for a grant for the purchase of chemicals. 


THE UNIVERSITY, SHEFFIELD. [Received, June 21st, 1940.] 





201. A New Synthesis of Thyronine. 
By C. R. HARINGTON and RosALinp V. Pitt RIVERs. 


The limiting factor in the synthesis of thyronine is the accessibility of 4-(4’-methoxy- 
phenoxy)benzaldehyde. An improved method of preparation of this aldehyde is 
described, starting from ethyl p-hydroxybenzoate and p-bromoanisole. 

The preparation and properties of hitherto undescribed derivatives of thyronine 
are recorded. 


In connection with some experiments on the formation of thyronine from iodinated 
proteins and the possible conversion of tyrosine into thyroxine (compare Harington and 
Pitt Rivers, Nature, 1939, 144, 205), it became desirable to have a quantity of thyronine 
[4-(4’-hydroxyphenoxy)phenylalanine]. The existing syntheses of this amino-acid 
(Harington, Biochem. J., 1926, 20,300; Harington and McCartney, tbid., 1927, 21, 852) are 
tedious and unsatisfactory for preparative purposes, the limiting factor being the difficulty 
of obtaining the necessary 4-(4’-methoxyphenoxy) benzaldehyde. 

Attempts to obtain a direct synthesis of N-benzoyl-O-methylthyronine ethyl ester by 
the condensation of ~-bromoanisole with the potassium salt of N-benzoyltyrosine ethyl 
ester have failed; by heating p-bromoanisole with ethyl p-hydroxybenzoate and potassium 
hydroxide in presence of copper bronze we have, however, been able to obtain a satisfactory 
yield of ethyl 4-(4'-methoxyphenoxy)benzoate. The latter ester can readily be converted into 
the hydrazide, the p-toluenesulphonyl derivative of which, on heating with anhydrous sodium 
carbonate in ethylene glycol solution (compare McFadyen and Stevens, J., 1936, 584), 
reacts smoothly to give the desired aldehyde. 

The amino-acid itself is conveniently prepared by direct treatment with hydriodic 
acid and red phosphorus of the azlactone obtained from the aldehyde and hippuric acid 
(compare Harington and McCartney, Joc. cit.). 

The opportunity is taken to record below the preparation and properties of some hitherto 
undescribed derivatives of thyronine. 


EXPERIMENTAL. 

Ethyl 4-(4'-Methoxyphenoxy)benzoate.—p-Bromoanisole (42 g.; 1-5 mols.), ethyl p-hydroxy- 
benzoate (24 g.; 1 mol.), powdered potassium hydroxide (8-4 g.; 1 mol.), and copper bronze 
(300 mg.) were heated together on a metal-bath. A vigorous reaction occurred at about 150°; 
after this was over, the temperature was raised rapidly to 240° and maintained at that level 
for 1 hour. The reaction mixture was cooled, shaken with water and ether, and filtered; 
the ethereal layer was separated, washed three times with ice-cold n/2-sodium hydroxide and 
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once with water, and dried over calcium chloride. The ether was removed, and the residue 
distilled at about 15 mm.; the fraction distilling between 210° and 240° formed a colourless oil 
which solidified in a cooling mixture. Yield, 21-5 g. or 53% of the theoretical. After two 
recrystallisations from light petroleum (b. p. 60—80°) the product had m. p. 23—24° (Found: 
C, 71-5; H, 6-1. C,,H,,0, requires C, 70-6; H, 5-9%). 

4-(4'-Methoxyphenoxy)benzhydvazide.—Ethy] 4-(4’-methoxyphenoxy) benzoate (36 g.), hydr- 
azine hydrate (18 c.c.), and alcohol (55 c.c.) were heated in a pressure bottle for 13 hours at 100°; 
the warm mixture was poured into a beaker and crystallised on cooling; after keeping for a 
short time at 0° the solid was collected, and a further crop obtained by diluting the mother- 
liquor with water. The yield was 25 g. (74%) of a product which was pure enough for the next 
reaction. After two recrystallisations from alcohol the compound formed long colourless 
needles, m. p. 136—136-5° (Found: C, 66-1; H, 5-4; N, 12-0. C,,H,,0,N, requires C, 65-1; 
H, 5-4; N, 11-8%). 

p-T oluenesulphonyl-4-(4'-methoxyphenoxy)benzhydrazide.—The above hydrazide (25-8 g.) was 
dissolved in dry pyridine (200 c.c.), and the solution treated with p-toluenesulphonyl chloride 
(20 g.) in small portions with ice-cooling; the mixture was kept at the ordinary temperature 
for 2 hours and then poured into a slight excess of ice-cold 5n-hydrochloric acid; the precipitate 
was collected and crystallised from acetic acid. Yield, 34 g. (88%). After a second crystallis- 
ation from acetic acid the compound had m. p. 172—173° (Found: S, 8-2. C,,H,,0,N,S 
requires S, 7:9%). 

4-(4'-Methoxyphenoxy)benzaldehyde.—p-Toluenesulphony] - 4 - (4’-methoxyphenoxy) benzhydr- 
azide (33-8 g.) and ethylene glycol (150 c.c.) were heated in a metal-bath at 160°; the hot solution 
was treated with anhydrous sodium carbonate (17-5 g.); vigorous effervescence set in and lasted 
for 30 seconds. Heating was continued for 30 seconds longer and the solution was then rapidly 
cooled to about 100° and diluted with 1200 c.c. of hot water. The mixture was extracted with 
ether, and the extract dried over sodium sulphate and evaporated; the crystalline residue was 
practically pure aldehyde (15-7 g., 80%). After recrystallisation from light petroleum (pb. p. 
60—80°) the aldehyde had m. p. 60-5°, not depressed on admixture with an authentic specimen 
prepared according to Harington (loc. cit.). The semicarbazone had m. p. 212—213°; Harington 
(loc. cit.) gives m. p. 211°. 

Thyronine.—The above aldehyde (15 g.) was converted into the azlactone in the usual 
manner; the recrystallised product (14-6 g.; cf. Harington and McCartney, loc. cit.) was 
refluxed for 14 hours with red phosphorus (10 g.) and 75 c.c. of a mixture of equal parts of 
acetic anhydride and hydriodic acid (d 1-7). The solution was filtered through asbestos and 
evaporated under diminished pressure, and the residue shaken with ether and water; the 
aqueous layer was treated with a little sodium hydrogen sulphite to remove the excess of iodine 
and then neutralised at the b. p. to Congo-red with concentrated aqueous ammonia. After 
keeping in the ice-chest overnight, the amino-acid was collected, washed with alcohol and ether, 
and dried in the steam-oven. The yield was 7-2 g., or 42% calculated from the aldehyde. 

Thyronine Methyl Ester Hydrochloride.—Thyronine (7-2 g.) was suspended in anhydrous 
methyl alcohol (115 c.c.), and a rapid stream of hydrogen chloride passed in to saturation; the 
solution was refluxed for a short time and then evaporated under diminished pressure to a thick 
paste of crystalline material. The latter was taken up in warm alcohol, and the solution diluted 
with ether; on cooling, there were obtained 5-4 g. of the pure ester hydrochloride. By evapor- 
ating the mother-liquor, re-esterifying the residue, and working up in a similar manner, a 
further crop of 1-4 g. was obtained, the total yield thus amounting to 80-6%. The compound 
had m. p. 215° (Found: N, 4-3; Cl, 11-2. C,,H,,O,N,HCl requires N, 4-3; Cl, 11-0%). 

ON-Dibenzoylthyronine Methyl Estery—Thyronine methyl ester hydrochloride (0-4 g.), di- 
ethylamine (0-15 c.c.), and benzoyl chloride (0-35 c.c.) were dissolved together in dry pyridine 
(2 c.c.); the solution was heated on the steam-bath for a few minutes, cooled, and poured into 
5 c.c. of 5N-hydrochloric acid mixed with ice. The oil which separated rapidly solidified and was 
crystallised from alcohol; the product had m. p. 132—134° (Found: C, 72-5; H, 5-1; N, 3-0. 
Cy,H,,0,N requires C, 72:7; H, 5-4; N, 2-8%). 

N-p-Toluenesulphonylthyronine.—Thyronine methyl ester hydrochloride (0-16 g.) was dis- 
solved in pyridine (2 c.c.) with the aid of diethylamine (0-1 c.c.), and the ice-cold solution treated 
with -toluenesulphonyl chloride (0-098 g.) in small portions; after 1 hour at the ordinary 
temperature the mixture was poured into ice and hydrochloric acid, and the resulting precipitate 
crystallised from aqueous alcohol. Without further purification this product was dissolved 
in 2 equivs. of N-sodium hydroxide in 50% aqueous alcohol and kept for 40 minutes at the 
ordinary temperature; addition of 2 equivs. of N-hydrochloric acid produced a precipitate 
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which crystallised almost at once. Recrystallised from aqueous alcohol, the compound had 
m. p. 141° after sintering (Found: N, 3-3; S, 7-5. C,sH,,O,NS requires N, 3-3; S, 7°5%). 

N-Carbobenzyloxythyronine.—Thyronine methyl ester hydrochloride (1-5 g.) was dissolved in 
the minimum amount of water; chloroform (25 c.c.) was added, followed, after cooling to 0°, by 
2n-sodium carbonate (1 equiv.), and the mixture was vigorously shaken. Benzyl chloroformate 
(1-5 c.c.) was added in small portions with shaking and finally a further equiv. of 2N-sodium 
carbonate; the mixture was shaken at 0° for 30 minutes and kept at the ordinary temperature 
for 14 hours. The chloroform layer was separated, washed successively with water, 0-1N- 
hydrochloric acid, and water, dried over sodium sulphate, and evaporated under diminished 
pressure. The residual gum, which could not be crystallised, was taken up in alcohol (5 c.c.) 
containing 2N-sodium hydroxide (2 equivs.); after 45 minutes at the ordinary temperature the 
solution was made acid to Congo-red with hydrochloric acid and the resulting crystalline pre- 
cipitate was collected, dried, and recrystallised from ether-light petroleum (b. p. 40—50°). 
The yield was 1-5 g. of a product, m. p. 105—106° (Found : C, 67-5; H, 5-15; N,3:5. C,,H,,O,N 
requires C, 67-8; H, 5-15; N, 3-4%). 


UNIVERSITY COLLEGE HospiTaAt MEDICAL SCHOOL, 
Lonpon, W.C. 1. [Received, July 3rd, 1940.] 





202. Condensation Products of Phenols and Ketones. Part V. 
Structure of the Dimeric Forms of 0-isoPropenylphenols. 


_ By Witson BAKER and D. M. BEsLy. 


4-isoPrepenyl-m-cresol (I) is isolated as a dimeric form by the condensation of 
m-cresol with acetone in presence of hydrogen chloride. The dimeride is a weak 
monohydric phenol in which degradation of a m-tolyl to a carboxyl group occurs on. 
oxidation. These facts, and a consideration of the mechanism of its formation, lead. 
to the flavan structure (III) for the dimeride. Other overeat and related 
compounds are, without doubt, of similar structure. 


o-HYDROXYisoPROPENYL compounds such as (I) are formed, amongst other methods, by 
the condensation of phenols with ketones in acetic acid solution in presence of hydrogen 
chloride. Under these conditions, however, they are usually isolated as dimeric modific- 
ations, which, owing to their properties, must be regarded as genuine chemical compounds 
whose formation involves primary valencies. The dimeric forms are, moreover, formed 
from the simple molecules either on standing for a long time, or, more usually, on treatment 
with hydrogen chloride. Compounds of this type are the dimerides of o-isopropenylphenol 
(Fries, Gross-Selbeck, and Wicke, Annalen, 1913, 402, 306), 4-methyl-2-isopropenylphenol 
(Fries and Fickewirth, Ber., 1908, 41, 368; Fries, Gross-Selbeck, and Wicke, loc. cit. ; 
Eng. Pat. 279,856, 1929; Amer. Pat. 1,696,769, 1928), 5-methyl-2-isopropenylphenol (I) 
(4-tsopropenyl-m-cresol; previous references; Eng. Pat. 273,684, 1927; Baker and Besly, 
J., 1939, 199), 5-ethyl-2-isopropenylphenol (Niederl and Nagel, J. Amer. Chem. Soc., 1940, 
62, 324), the similarly constituted 2-cyclohexenyl-4- and -5-metlhylphenol (Boettcher, 
Dissert., Berlin, 1930), and 2-cyclohexenyl-5-ethylphenol (Niederl and Ziering, J. Amer. 
Chem. Soc., 1940, 62, 1157). 

A general study of these dimeric 0-tsopropenylphenols was begun some years ago, and 
our view that these substances are derivatives of flavan (as III) was outlined in a letter to 
Nature (1939, 144, 865). Further work on this subject is precluded for the time being, 
and, in view of the recent publication by Niederl and Ziering (loc. cit.) we now wish to record 
our observations and conclusions in greater detail. Niederl and Ziering prepared the 
dimeric form of 2-cyclohexenyl-5-ethylphenol by condensing m-ethylphenol with cyclo- 
hexanone in presence of hydrogen chloride, and suggested for it a flavan structure which was 
supported by an independent, but not entirely unambiguous, synthesis. They make no 
reference to our work, although in suggesting that the dimeric form of 4-isopropenyl-m- 
cresol was 2’-hydroxy-2 : 4: 4:7: 4'-pentamethylflavan (III) we stated that other such 
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dimerides, including those of cyclohexenyl-m- and -f-cresols, are, without doubt, similarly 
constituted. 


oO 
Me’ NOH 
“ one 5 Oe * any 
CMe, 
On H 
(IIL) “ee<> = sts Me (IV.) 
2 
CMe, HMe 


The dimerides are liquids, except those derived from o-isopropenylphenol and the cyclo- 
hexenylphenols, or, in the cases of the dimerides of (I) and 3-ssopropenyl-p-cresol, amorphous 
solids, and may be distilled unchanged under diminished pressure, but are depolymerised 
when distilled at atmospheric pressure. The dimerides of 4-tsopropenyl-m-cresol and 
4-cyclohexeny]l-m-cresol form crystalline adducts with one molecule of diethylether. All the 
dimerides are monohydric phenols, so that one of the oxygen atoms must be in the form of 
an ether group. Moreover, the phenolic function of the free hydroxyl group is extremely 
feeble, and was, in fact, originally overlooked (Fries and Fickewirth, Joc. cit.) but later 
recorded (Fries, Gross-Selbeck, and Wicke, loc. cit.). The dimerides do not dissolve in 
dilute sodium hydroxide solution, but a suspension in dilute alcohol or acetone dissolves on 
the addition of alkali; on dilution the dimeride is thrown out of solution or may be extracted 
with an organic solvent. They give no ferric chloride reaction in alcoholic or dilute alcoholic 
solution, but give crystalline monoacetyl or monoacyl derivatives. 

It has now been found that the dimeride of 4-tsopropenyl-m-cresol, Cy9H,,04, is oxidised 
by potassium permanganate in acetone solution to give a stable carboxylic acid, 
C,,;H,,0°CO,H, which resists further oxidation or decarboxylation, and is, therefore, 
unlikely to possess an a-hydrogen atom. This corresponds to the degradation of a m-tolyl 
group to a carboxyl group. The dimeride of isopropenyl-m-cresol reacts with methyl 
sulphate and alkali to give an amorphous methyl ether, which has not been obtained pure; 
it separates from organic solvents in the form of a jelly. 

Apart from a tentative suggestion for the structure of the dimeride of (I) put forward 
by Fries and Fickewirth and subsequently withdrawn by Fries, Gross-Selbeck, and Wicke, 
only one very improbable structure has been proposed for these compounds (Jordan, Eng. 
Pat. 279,856, 1929; this structure has been accepted by Boettcher, loc. cit.). This con- 
tained an olefinic link, although the substance was known to be saturated, and was based 
on a formula for a condensation product of m-cresol and acetone now known to be incorrect 
(Baker and Besly, loc. cit.). It is clear from the properties of the dimeride of (I) that it 
is produced by the mutual addition of the two isopropenyl groups and ring closure to a 
saturated cylic ether. Solely on valency considerations there are fourteen possible struc- 
tures for the compound, one containing an eight-membered ring, three containing seven- 
membered rings, three chromans, and seven coumarans. Of these structures, only three, 
namely, one chroman (III) and two coumarans, (IV) and 2-«-(2’-hydroxy-4’-methylpheny])- 
ethyl-3 : 3 : 6-trimethylcoumaran, involve the «@’-linking of the two isopropenyl groups, as 
occurs all but universally in the polymerisation of styrenes and related compounds (see 
Baker and Enderby, this vol., p. 1094), and only (III) and (IV) could be expected to yield 
the carboxylic acid C,,H,,0°CO,H on oxidation. The final choice between the flavan 
(2-phenylchroman) structure (III) and the two coumarans can be made with certainty by 
a consideration of the probable mechanism of the reaction. This undoubtedly takes place 


by the formation of a “CMe,CH:CMe-, formula (II), or less probably ‘CMe,CH,-C(:CH,): 
bridge between the two aromatic nuclei (cf. structure of isoanethole ; Goodall and Haworth, 
J., 1930, 2482), and in the subsequent ring closure a phenolic oxygen atom must unite with 
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the more cationoid of the two unsaturated carbon atoms (marked with *), the double bonds 
being polarised by the adjacent phenolic group. In either case ring closure will thus lead to 
the formation of 2’-hydroxy-2 :4:4:'17: 4'-pentamethylflavan (III). 

This flavan structure adequately accounts for the cryptophenolic properties by the 
presence of the large group -C(O-)Me-*CH,°CMe,: in the o-position to the hydroxyl. This 
group Closely resembles the octyl group -CMe,*CH,°CMe;, which is sufficient, even in the 
simple p-octylphenol, to cause the compound to exhibit strongly cryptophenolic properties. 
The acid obtained by the degradation of the dimeride (III) must be 2 : 4 : 4 : 7-tetramethyl- 
chroman-2-carboxylic acid. There can be little doubt that the dimeric forms of other 
o-isopropenylphenols are flavans analogous to (III). The dimeric o-cyclohexenylphenols 
are also without doubt flavans of the structure advanced by Niederl and Ziering, a structure 
previously implied in our letter to Nature. 

Attempts were made to synthesise simple 2’-hydroxyflavans for comparison purposes 
by the catalytic reduction of 2’-hydroxy-6-methylflavone and 2’-hydroxyflavone, but the pro- 
ducts were complex mixtures from which the flavans could not be isolated. It is worthy 
of note that these 2’-hydroxyflavones give no ferric chloride reaction. 


EXPERIMENTAL. 


Dimeric Form (III) of 4-isoPropenyl-m-cresol (I).—The following method, based on Eng. 
Pat. 273,684 (cf. Baker and Besly, loc. cit.), is convenient for preparing the compound in quantity. 
A mixture of m-cresol (110 g.) and acetone (65 g:) was saturated with hydrogen chloride without 
cooling, and kept at 40° for 2 days with the exclusion of water. The dark product was added to 
an excess of 20% sodium hydroxide solution, a layer of ether poured on the surface, and the 
mixture vigorously stirred, causing the ether addition product of the dimeride to crystallise ; 
after standing overnight in an open vessel, the solid was collected, washed thoroughly with 
water, dissolved and dried with calcium chloride in hot light petroleum (b. p. 40—60°), and to 
the filtered solution was added a little ether. The ether addition product of the dimeride, 
CyH,,0,,Et,0, separated in large, colourless, highly refracting, thick, rhombic plates, m. p. 
76—77° when rapidly heated (yield, 75 g.). On standing in air, the crystals lose some of the 
ether and become opaque and sticky; at 100° the ether is completely lost and the melt sets 
to a glass, which crystallises in contact with ether, a fact which can be used as the basis of a 
delicate and specific test for diethyl ether. 

2’-Acetoxy-2: 4:4: 17: 4'-pentamethylfiavan.—The dimeride (III) (3 g.) was refluxed with 
acetic anhydride (15 c.c.) and anhydrous sodium acetate (1 g.) for 4 hours, and poured into 
water. The solid product was washed with alcohol and crystallised twice from the same solvent, 
being obtained in small rhombic crystals, m. p. 108° (Found: C, 78-0; H, 7-6; Ac, 12-6; M, 
325. C. .H,,0,Ac requires C, 78-1; H, 7-7; Ac, 12-7%; M, 338). Hydrolysis with alcoholic 
potassium hydroxide regenerated the dimeride (III). 

Oxidation of the Dimeride (III), and Isolation of 2: 4: 4: 7-Tetramethylchroman-2-carboxylic 
Acid.—The pure ether addition product of the dimeride (III) (20 g.), dissolved in acetone (100 
c.c.), was treated at the b. p. in portions with a saturated solution of potassium permanganate 
in boiling acetone, until an excess of permanganate was present. After standing for 2 hours, the 
mixture was diluted with water to twice its volume, excess of sulphur dioxide passed, and, after 
filtration, the acetone removed by distillation under diminished pressure. The mainly solid 
material which separated was treated with aqueous sodium bicarbonate, and the resulting 
solution acidified, yielding a crystalline carboxylic acid (1-1 g.). It separated from benzene in 
small, stout, rhombic crystals, m. p. 148—149° (Found: C, 71-7; H, 7-7; equiv., 232. 
C,,H,,0°CO,H requires C, 71-8; H, 7-7%; equiv., 234). The acid was not decarboxylated in 
boiling quinoline, even in presence of copper chromite (Adkins and Connor, J. Amer. Chem. Soc., 
1931, 58, 1091), nor did it appear to be decarboxylated when heated with or without copper 
chromite to temperatures at which charring occurred. 

2-(2’-Methoxybenzoyloxy)-5-methylacetophenone.—A mixture of 2-hydroxy-5-methylaceto- 
phenone (15 g.), pyridine (30 c.c.), and 2-methoxybenzoyl chloride (17 g.; 1 mol.) was heated 
on the water-bath for 20 minutes and then poured into excess of dilute hydrochloric acid. The 
oily product, which solidified, was collected, washed successively with dilute hydrochloric acid, 
dilute sodium hydroxide solution, and water, and crystallised twice from methyl alcohol (yield, 
23 g.). It was obtained in very faintly yellow, stout rhombic prisms, m. p. 85° (Found: 
C, 71-8; H, 58. C,,H,,0, requires C, 71-8; H, 5-6%). 
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w-2'-Methoxybenzoyl-2-hydroxy-5-methylacetophenone.—The preceding compound (20 g.) in 
toluene (200 c.c.) was stirred on the steam-bath for 8 hours with anhydrous potassium carbonate 
(60 g.), and the yellow solids, consisting of the potassium salt of the dibenzoylmethane derivative 
and excess of potassium carbonate, collected while hot, washed with hot benzene, and dried. On 
stirring into water the free compound separated ; it was collected, washed with much water, dried 
(yield, 15 g.), and crystallised first from acetic acid and then from ethyl alcohol. It formed 
yellow, stout, rhombic crystals, m. p. 106° (Found: C, 72-0; H, 5-6. C,,H,,O, requires C, 
71-8; H, 5-6%). It dissolved slightly in aqueous sodium hydroxide to a yellow solution. Its 
alcoholic solution gave a reddish-brown colour with ferric chloride. 

2’-Methoxy-6-methylflavone.—The preceding compound (13 g.) was refluxed with acetic acid 
(50 c.c.) and anhydrous sodium acetate (10 g.) for 3 hours. The solid obtained on the addition 
of water was collected, washed, and dried (yield, 11 g.); it crystallised from alcohol in long, 
prismatic needles, m. p. 110° (Found: C, 76-6; H, 5-2. C,,H,,0O, requires C, 76-7; H, 5-2%). 
In concentrated sulphuric acid it gave a pale yellow solution which, when warmed, became 
almost colourless and developed a blue fluorescence. 

2'-H ydroxy-6-methylflavone.—2’-Methoxy-6-methylflavone (10 g.) was refluxed for 24 hours 
with acetic acid (40 c.c.) and hydrobromic acid (d 1-5; 40 c.c.), the mixture poured into water, 
and the solid collected, washed, dried (9-4 g.), and crystallised from acetic acid (yield, 6-6 g.). 
After recrystallisation from a large volume of alcohol it was obtained in very faintly yellow 
prisms, m. p. 255—256° (Found: C, 76-2; H, 4-7. C,,H,,0O, requires C, 76-2; H, 4-7%). 
2’-Hydroxy-6-methylflavone dissolves in hot dilute sodium hydroxide to a bright yellow solution, 
from which the very sparingly soluble sodium salt separates in fine, golden-yellow prisms. Its 
alcoholic or dilute alcoholic solutions show no ferric chloride reaction. In concentrated sulphuric 
acid it gives a yellow solution whose colour gradually fades and a weak blue fluorescence 
develops. The acetyl derivative, obtained by boiling with excess of acetic anhydride for 3 hours 
and then shaking with water, separated from light petroleum (b. p. 40—60°) in colourless, 
rhombic prisms, m. p. 101° (Found: C, 73-6; H, 4-8. C,,H,,O, requires C, 73-5; H, 4-7%). 

2-(2'-Methoxybenzoyloxy)acetophenone.—o-Hydroxyacetophenone (13-6 g.), pyridine (30 c.c.), 
and 2-methoxybenzoyl chloride (17 g.; 1 mol.) were heated for 20 minutes on the water-bath, 
and stirred into excess of dilute hyrochloric acid. The oily product solidified overnight and was 
collected, crushed, washed successively with dilute hydrochloric acid, dilute sodium hydroxide 
solution, and water, and crystallised from methyl alcohol (yield, 20 g.). It formed colourless, 
blunt-ended, rhombic prisms, m. p. 79° (Found: C, 70-7; H, 5-2. C,,H,,O, requires C, 71-1; 
H, 5-2%). 

«@-2'-Methoxybenzoyl-2-hydroxyacetophenone.—A mixture of the preceding compound (18 g.), 
toluene (200 c.c.), and anhydrous potassium carbonate (60 g.) was stirred on the steam-bath for 
10 hours. The product (7 g.), isolated as in the case of the corresponding methyl derivative, 
and twice crystallised from alcohol, formed yellow prisms, m. p. 80° (Found: C, 71-2; H, 5-2. 
C,,H,,0, requires C, 71-1; H, 5-2%). 

2'-Methoxyflavone.—Ring closure of the preceding compound with acetic acid and sodium 
acetate as in the case of the methyl homologue gave 2’-methoxyflavone in stout, colourless, 
four-sided prisms from alcohol, m. p. 105° (cf. Pistermann and Tambor, Ber., 1912, 45, 1239; 
Hattori, Acta Phytochim., 1928, 4, 41). 

2'-Hydroxyflavone.—Demethylation of the preceding compound as in the case of the methyl 
homologue gave 2’-hydroxyflavone in long, very pale yellow needles from alcohol, m. p. 244° 
(rapid heating) (Pistermann and Tambor, and Hattori, locc. cit., record m. p. 238-5°). The 
compound gives no colour reaction with alcoholic ferric chloride. 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, July 2nd, 1940.) 





203. The Constitution of Pectic Acid. Part I. Methylation of Pectic 
Acid and the Isolation of the Methyl Ester of 2: 3-Dimethyl Methyl- 
galacturonoside. 


(Miss) S. Luckett and F. Smit. 


A pectic acid or polygalacturonic acid, prepared from citrus pectin by the action of 
dilute hydrochloride acid, has been converted into the methyl ester of methylated 
pectic acid. Hydrolysis of the latter with methyl-alcoholic hydrogen chloride yielded 
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the methyl ester of 2 : 3-dimethyl methylgalactofururonoside (II) as the main product. 
The structure of (II) has been proved by its oxidation to 2 : 3-dimethyl mucic acid, 
which formed a crystalline y-lactone methyl ester (VIII) and by the fact that on methyl- 
ation (II) gave the methyl ester of 2: 3 : 5-trimethyl B-methylgalactofururonoside (IV), 
which after oxidation furnished the y-lactone methyl ester of 2:3 : 5-trimethyl mucic 
acid (IX), obtainable also from (VIII) by methylation. 

It is suggested that citrus pectic acid is composed of pyranose residues of galacturonic 
acid joined by 1 : 4-a-glycosidic links as in (Ia). The molecule of the methyl ester of 


methylated pectic acid appears to be relatively small, the size as determined by 
osmotic pressure measurements being about 13 units. 


A PECTIC acid corresponding to Ehrlich’s “ tetragalacturonic acid’’ has been prepared 
from citrus pectin (Ehrlich and Guttman, Biochem. Z., 1933, 259, 100) and subjected to 
repeated methylation. Frequent treatment of this pectic acid with methyl sulphate and 
sodium hydroxide solution furnished a partially methylated product, which was insoluble 
in organic solvents but readily soluble in water; consequently the isolation of the material 
could not be effected by the usual methods of solvent extraction, but it was found possible 
to remove inorganic impurities by dialysis in acid solution. Methylation of the partially 
methylated pectic acid, so obtained, by the thallium method (Fear and Menzies, J., 1926, 
929; Purves and Hudson, J. Amer. Chem. Soc., 1937, 59, 49, 1170; Hirst and Jones, 
J., 1938, 496), followed by treatment with silver oxide and methyl iodide, gave the methyl 
ester of methylated pectic acid. The latter was also obtained from the methylated pectic 
acid by treatment of its silver salt first with methyl iodide and then, when esterification 
was complete, with Purdie’s reagents. 

The methyl ester of methylated pectic acid was relatively stable inasmuch as prolonged 
boiling of it with 1% methyl-alcoholic hydrogen chloride caused only slight hydrolysis. 
When it was treated, however, with 1% methyl-alcoholic hydrogen chloride in a sealed 
tube at 120°, simultaneous hydrolysis and glycoside formation took place with the formation 
of the methyl ester of the dimethyl methylgalacturonoside (II) as the main product of the 
reaction (Smith, Chem. and Ind., 1939, 58, 363). 

The structure of this methyl ester of dimethyl methylgalacturonoside (II) is based upon 
the following experimental facts. Treatment of (II) with methyl-alcoholic ammonia 
afforded a crystalline amide (III), the rotation ([«], — 150°) and analysis of which suggested 
that it was derived from the §$-form of a dimethyl methylgalacturonoside containing a 
furanoside ring. This view was supported by the fact that on methylation with Purdie’s 
reagents, (II) gave the crystalline methyl ester (IV) of trimethyl methylgalacturonoside, 
which in turn yielded the corresponding crystalline amide (V). The methyl groups in this 
methyl ester (IV) and in the amide (V) were present in positions 2, 3, and 5, inasmuch as 
(IV) and (V) were found to be identical with synthetic specimens of the methyl ester of 
2:3: 5-trimethyl §-methylgalactofururonoside and its amide respectively (see succeeding 
paper). It is clear, therefore, that the two ether methyl groups in (II) must occupy 
positions 2:3, 2:5, or 3:5. Saponification of the methyl ester (II) with an aqueous 
solution of barium hydroxide yielded the barium salt, from which the dimethyl methyl- 
galacturonoside (VI) was obtained by means of sulphuric acid. When (VI) was heated 
with dilute sulphuric acid, the glycosidic methyl group was eliminated and there was pro- 
duced a dimethyl galacturonic acid (VII). The rate of hydrolysis of (VI) is slow when 
compared, for example, with that of methylarabofuranoside, but it is relatively rapid when 
compared with the rate of hydrolysis of 2:3: 4-trimethyl methylgalactopyruronoside. 
This fact and the observation that during the conversion of (VI) into (VII) the rotation 
changes from a negative value to a relatively high positive one, suggest that a furanoside 
ring is present in (VI) and therefore in (II). Oxidation of the dimethyl galacturonic acid 
(VII) with bromine gave a dimethyl mucic acid, from which the crystalline lactone methyl 
ester (VIII) was prepared by esterification and subsequent distillation. This ester- 
lactone (VIII) was shown to contain a 1 : 4~y-lactone ring because on methylation with 
Purdie’s reagents it gave the crystalline 1 : 4~y-lactone methyl ester (IX) of 2:3: 5-iri- 
methyl mucic acid and this yielded the corresponding characteristic diamide of 2 : 3 : 5-tri- 
methyl mucic acid. The ester-lactone (IX) and its diamide were identical with synthetic 
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specimens of the 1 : 4~y-lactone methy] ester of 2 : 3 : 5-trimethyl mucic acid and its diamide 
respectively, prepared from 2 : 3 : 5-trimethyl methylgalactofuranoside (succeeding paper). 
Furthermore it was found that (IX) and its diamide were the enantiomorphs of the 3 : 6-y- 
lactone methyl ester of 2 : 4 : 5-trimethyl mucic acid and its diamide respectively (Smith, 
J., 1939, 1724). It is clear, therefore, that position 4 in (II) is not occupied by a methoxyl 


group. 
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The possibility of the two methyl groups being in the positions 2 and 5 was eliminated 
for the reason that the diamide (X) of the dimethyl mucic acid, obtained from the ester-lactone 
(VIII) by the agency of methyl-alcoholic ammonia, showed a positive Weerman test for 
a-hydroxy-amides (Rec. Trav. chim., 1917, 36, 16); this result demonstrated that there 
must be a free hydroxyl group in position 2 or 5 and hence it follows that (X) and therefore 
(II) must be either 2: 3- or 3: 5-dimethyl derivatives. Conclusive proof that the two 
methyl groups occupy the positions 2 and 3 was forthcoming from the observation that 
2 : 3-dimethyl galactose, prepared by the method of Robertson and Lamb (J., 1934, 1321), 
gave on oxidation with nitric acid, followed by esterification and subsequent distillation, 
a lactone methyl ester of 2 : 3-dimethyl mucic acid which was identical with the lactone 
methyl ester (VIII) of the dimethyl mucic acid obtained from (II). The position of the 
two methyl groups in the 2 : 3-dimethyl mucic acid has also been ascertained by Beaven 
and Jones (J. Soc. Chem. Ind., 1939, 58, 363), who showed that on treatment of the dimethyl 
mucic acid with periodic acid, followed by bromine, there was obtained /(+)-threo- 
dimethoxysuccinic acid (d-dimethoxysuccinic acid). 
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The identification of the methyl ester of the dimethyl methylgalacturonoside as the 
2: 3-dimethyl derivative demonstrates that pectic acid is composed of galacturonic acid 
residues, joined by links which do not involve positions 2 and 3. This condition can be 
satisfied in two ways; the pectic acid may be composed either of furanose units of galac- 
turonic acid joined by 1 : 5-linkages as in (I) or of pyranose residues of galacturonic acid 
joined by 1 : 4-glycosidic links as shown in (Ia). 

Although the methyl ester of the 2 : 3-dimethyl methylgalacturonoside obtained above 
from the methy] ester of the methylated pectic acid was shown to have a furanose structure, 
it does not follow that furanose galacturonic acid residues pre-exist in pectic acid; in fact 
it now appears that 2: 3-dimethyl galacturonic acid, like galactose (Cunningham, J., 
1918, 113, 596), shows a tendency preferentially to form a methylfuranoside when treated 
with acid methyl alcohol under the conditions employed in this work. 

The high positive rotations of the pectic acid ([«]p + 260° in dilute sodium hydroxide 
solution) and of the methylated derivative ([«]p +- 225°), together with the stability of the 
latter to boiling methyl-alcoholic hydrogen chloride, are best explained on the view that 
the pectic acid consists of pyranose units of galacturonic acid joined by 1 : 4-«-glycosidic 
links as shown in (Ia); thus it appears that, as far as the glycosidic links are concerned, 
pectic acid is related to starch and not to cellulose (cf. Schreider and Bock, Ber., 1937, 70, 
1617). This fundamental feature of the structure of citrus pectic acid has also been 
shown to apply to a degraded strawberry pectic acid by Jones and Beaven (loc. cit.). This 
view has also been put forward by Levene and Kneider (J. Biol. Chem., 1937, 120, 591) 
on the basis of the formation of d(—)-threo-dihydroxysuccinic acid (/-tartaric acid) by the 
action of periodic acid, followed by bromine, upon the methyl ester of a degraded pectic 
acid. More recently, however, Levene, Meyer, and Kuna (Science, 1939, 39, 370) have 
examined the rate of hydrolysis of the methyl ester of a methylated pectic acid and they 
suggest that pectic acid is composed of furanose units of galacturonic acid joined by 
1 : 5-glycosidic linkages. 

Measurements of the osmotic pressure of a solution of the methyl ester of methylated 
pectic acid in chloroform (carried out in these laboratories by Dr. S. R. Carter and Dr. W. T. 
Chambers) indicate that it has a molecular size of about thirteen units (cf. Link, J. Biol. 
Chem., 1934, 105, 4). The relatively small molecular size of the methylated pectic acid is 
supported by viscosity measurements in m-cresol and also by the results of molecular 
weight determinations by the depression of the melting point of camphor. — 

It is of interest to note that a terminal or ‘‘ end ” group (the methy] ester of a trimethyl 
methylgalacturonoside) was not detected among the cleavage fragments and, although this 
result may be explained by the fact that pectic acid consists of a long chain of galacturonic 
acid units as in cellulose, it is not unlikely that the methylated pectic acid is composed of 
galacturonic acid residues arranged in the form of a loop (see Levene, Meyer, and Kuna, 
loc. cit.). 

EXPERIMENTAL. 

Pectic Acid.—Citrus pectin (100 g.) was converted into pectic acid by treatment with 5% 
hydrochloric acid at 75—80° for 1} hours (Ehrlich and Guttman, loc. cit.). The flocculent white 
precipitate was separated on the centrifuge and washed with water, aqueous ethyl alcohol 
(70%), absolute alcohol, and finally with ether. After drying in a vacuum the material was 
obtained as a white powder which appeared to be insoluble in dilute acids and only slightly 
soluble in cold water; it was insoluble in organic solvents. The pectic acid dissolved in boiling 
water and was not precipitated on cooling; this solution reacted strongly acid to Congo-paper 
and showed [a]}?” + 250° (c, 1:0). A suspension of the polygalacturonic acid in water dissolved 
when 1 equiv. of sodium hydroxide was added (Found: equiv., 203) and the neutral solution 
showed [a]}?” + 262° (c, 0-4). On the addition of excess of 5n-sodium hydroxide to the neutral 
solution of the pectic acid, a yellow sodium salt was precipitated and when heated both the 
precipitate and the solution became coloured orange. The pectic acid reduced Fehling’s solution 
on prolonged boiling. 

When a solution of the pectic acid (2 g.) in water (200 c.c.) was boiled, autohydrolysis took 
place with the ultimate formation of galacturonic acid. The solution had an iodine number 
of 5-5, [a]p + 265° (after 1 hour); iodine number 9 (after 3 hours); 12, + 262° (4 hours) ; 
14-5 (5 hours); 18 (6 hours); 21, + 246° (7 hours); 31 (9 hours); 34-5 (11 hours); 44-5 (144 
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hours); 68, + 196° (173 hours); 80, + 170° (22 hours); iodine number 105 (27 hours); 140 
(35 hours); 165 (42 hours); 175 (46 hours); 188 (52 hours); 198 (56 hours); 202 (60 hours) ; 
223 (72 hours); 230 (81 hours); 225 (91 hours). 

The solution was treated with charcoal, filtered, and evaporated to dryness under reduced 
pressure. To a solution of the residue in methyl alcohol, acetone and ether were added with 
stirring to give a small acidic precipitate of degraded pectic acid, which was centrifuged off, washed 
with ethyl alcohol-ether and dried (Found: equiv., 206). Removal of the solvent from the 
mother-liquors yielded a glassy solid, which showed [«]}* + 24° in water (c, 1-0) (Found : equiv. 
192). The nature of the products produced during this autohydrolysis is now being investigated. 

In another experiment pectic acid (5 g.) was added to boiling water (500 c.c.). The solution 
showed [«]p + 235° (after 5 minutes); + 35° (70 hours). After being shaken with a little 
charcoal, the solution was filtered and evaporated under diminished pressure to a glassy solid, 
which was extracted with ethyl alcohol. Removal of the solvent yielded a pale yellow, glassy 
solid. When a solution of a portion of this product (1-9 g.) in 2-8% methyl-alcoholic hydrogen 
chloride (100 c.c.) was kept at room temperature, it showed [a]p + 34° (initial value); + 5-5° 
(6 hours); -+ 9-5° (16 hours); + 12° (22 hours); + 25° (40 hours); + 29° (52 hours); + 34° 
(63 hours); + 43° (87} hours); + 51° (136 hours). After being kept for a further 72 hours, 
the solution, now non-reducing to Fehling’s solution, was neutralised with silver carbonate, 
filtered, and freed from solvent. The product was dissolved in the minimum quantity of methyl 
alcohol and treated with Purdie’s reagents. After three more Purdie methylations using silver 
oxide and methy] iodide alone, the product was isolated by means of acetone and distilled, giving 
a colourless liquid (1-1 g.), b. p. (bath temp.) 130—140°/0-04 mm., n}" 1-4650, [a] + 35° in 
water (c, 0-8). On keeping, crystals of the methyl ester of 2: 3: 4-trimethyl «-methylgalact- 
uronoside separated. The crystals were freed from adhering syrup by tiling and then recrystal- 
lised from ether-light petroleum; m. p. and mixed m. p. 70—71°. 

Methylation of Pectic Acid.—The flocculent pectic acid prepared from pectin (50 g.) was washed 
on the centrifuge to remove impurities and while still containing water it was treated at room 
temperature for 3 hours with methyl sulphate (250 c.c.) and 30% sodium hydroxide solution 
as required, with vigorous stirring. (A large excess of sodium hydroxide should be avoided, 
otherwise the sodium salt is precipitated and methylation is inhibited.) The vigorous stirring 
was continued for a further 9 hours and then the mixture was acidified with sulphuric acid and 
freed from sodium sulphate by dialysis against a continuous stream of tap water. The solution 
was made slightly alkaline by the addition of sodium hydroxide and evaporated almost to dry- 
ness under diminished pressure. The methylation was then repeated. After three methyl- 
ations in this manner the product (Found: OMe, 11-7%) was given two further methylations 
at 35—40°, the material being isolated as before by dialysis in acid solution. 

A solution of the crude pale yellow solid sodium salt in water (120 c.c.) was dialysed for 4 
days, fresh additions of sulphuric acid being made during the first 2 days to ensure that all 
the sodium salt had been converted into the free methylated acid. When the solution no 
longer gave a positive sulphate test it was evaporated under diminished pressure to give a pale 
yellow, glassy solid (9-1 g.), which had [«]}®* + 252° in water (c, 1-0) [Found: OMe, 22-5%; 

equiv., 208. The dimethyl derivative of a polygalacturonic acid (C,H,,0,), requires OMe, 
27-4%; equiv. 204]. 

A solution of the methylated pectic acid (4 g.) in water (10 c.c.) was treated with a moderate 
excess of 0-3n-thallium hydroxide. No precipitate was produced, but on the addition of excess 
of ethyl alcohol the heavy thallium salt was precipitated as a cream-coloured powder. This 
salt was centrifuged off, washed with ethyl alcohol, and dried in a vacuum over phosphoric 
oxide (yield, 9 g.). By the same procedure the rest of the methylated pectic acid was trans- 
formed into 14 g. of thallium salt. 

The thallium salt (23 g.) was then boiled with methyl iodide (60 c.c.) in the presence of dry 
methyl alcohol (20 c.c.) until esterification was complete, as indicated by the complete dis- 
appearance of the turbidity in the solution (12 hours). The solution was treated with a little 
charcoal, filtered, and evaporated under diminished pressure to a pale yellow, crisp solid (8-6 g.). 
Three treatments of this neutral product with Purdie’s reagents yielded the crude methyl 
ester of methylated pectic acid, {«]}® + 202° in methyl alcohol (c, 0-4) (isolated by means of 
acetone) (Found: OMe, 39-6%). After a further treatment with silver oxide and methyl 
iodide the material (8-4 g.) had [«]?° + 213° in water (c, 0-4) [Found : OMe, 39-5. The methyl 
ester of a methylated polygalacturonic acid (C,H,,O,), requires OMe, 42-6%]. 

The methylated pectic acid (OMe, 22-5%) was also converted into the methyl ester as follows. 
Neutralisation of an aqueous solution of the methylated polygalacturonic acid with silver oxide, 
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followed by filtration and evaporation, gave the silver salt, which was boiled with methy] iodide 
containing dry methyl alcohol. When esterification was complete, fresh additions of silver 
oxide and methyl iodide were made and the experiment was continued as for an ordinary 
Purdie methylation. The material was isolated by means of methyl alcohol and remethylated 
with Purdie’s reagents. When a solution of the almost colourless glassy solid in acetone was 
poured into light petroleum, the methyl ester of methylated pectic acid was obtained as a white 
powder, which had [a]} + 201° in water (c, 0-3); [«]}® + 202° in methyl alcohol (c, 0-3) 
(Found : OMe, 39-0%). 

Fractionation of the Methyl Ester of Methylated Pectic Acid.—To a solution of the methylated 
polygalacturonic acid (8-4 g.) in acetone (50 c.c.), ether was added with shaking to give fraction I 
(0-83 g.) as a greyish-white amorphous powder. This fraction contained the inorganic impurities 
(colloidal silver iodide and charcoal) introduced during the working up of the methylation 
product (Found: OMe, 38-7%). Further addition of ether to the liquid decanted from fraction I 
gave successively fraction II (1-27 g.; OMe, 41-1%); fraction III (1-41 g.; OMe, 41-2%); 
fraction IV (0-95 g.; OMe, 41-0%). After the separation of fraction IV the acetone—ether 
mother-liquors were poured with stirring into excess of light petroleum to give fraction V 
(1-81 g.; OMe, 43-3%). 

Fraction IV had [«]?” + 223-5° in water (c, 0-4); [a]? + 224° in chloroform (c, 0-6); equiv., 
252 (by heating with n/50-sodium hydroxide); M, ca. 800 (by the depression of the m. p. of 
camphor); 730" 0-096 in m-cresol (c, 0-836) (using K = 10%, this corresponds to M, 2500). 
Measurement of the osmotic pressure of a solution of the methyl ester of methylated pectic acid 
(fraction IV) gave a value corresponding to M, ca. 2900. 

Hydrolysis of the Methyl Ester of Methylated Pectic Acid.—When a solution of the methyl 
ester of methylated pectic acid (3-18 g.) (fractions III and V) in 5% methyl-alcoholic hydrogen 
chloride (150 c.c.) was heated on the boiling water-bath, it showed [a], + 225° (initial value) ; 
+ 150° (7 hours); + 130° (18 hours). The solution was cooled, neutralised with silver oxide, 
filtered, and evaporated under diminished pressure to give a glassy product. This product 
was only partly soluble in ether and since this indicated incomplete hydrolysis the material was 
treated with 1% methyl-alcoholic hydrogen chloride (50 c.c.) for 18 hours in a sealed tube at 
115°. After neutralisation with silver carbonate, the solution was evaporated under reduced 
pressure to give a fairly mobile liquid (2-9 g.). 

Fractions II and IV of the methyl ester of methylated pectic acid (2-4 g.) were also hydrolysed 
by means of 1% methyl-alcoholic hydrogen chloride in a sealed tube; this product was com- 
bined with the syrup obtained from fractions III and V, making a total of 4-7 g., and distilled, 
giving: Fraction I (the methyl ester of 2: 3-dimethyl methylgalacturonoside) (3-01 g.), b. p. 
(bath temp.) 125—130°/0-01 mm., }*° 1-4540 (Found: OMe, 49-2%; equiv., 250, by heating 
with n/50-sodium hydroxide). Fraction II {a mixture of the methyl esters of 2 : 3-dimethyl 
methylgalacturonoside and of a monomethyl methylgalacturonoside) (1-2 g.), b. p. (bath temp.) 
160—170°/0-02 mm., ni 1-4695, [«]}%" + 34-5° in water (c, 0-4) (Found: OMe, 43-9%; equiv., 
244). There remained an undistillable residue of incompletely hydrolysed material (0-43 g.). 
Retreatment of this with methyl-alcoholic hydrogen chloride (30 c.c. of 2%) for 18 hours at 
115° in a sealed tube gave a liquid, isolated by the method previously employed, b. p. (bath 
temp.) 160—170°/0-02 mm., nj* 1-4680 (Found : OMe, 40-8%). 

Fraction I was then slowly redistilled through a fractionating column, giving: Fraction IA 
(0-29 g.), b. p. (bath temp.) 120—125°/0-04 mm., n}?" 1-4540, [a]}*" — 64° in water (c, 0-7) (Found : 
OMe, 49-1. The methyl ester of a dimethyl methylgalacturonoside, C,,H,,0,, requires OMe, 
49-6%. C,,H,,O, requires OMe, 58-7%). There was no variation of the refractive index during 
the distillation of this fraction. Fraction IB (0-71 g.), b. p. (bath temp.) 125°/0-04 mm., nj” 
1-4532, [«]}*" — 65-5° in water (c, 0-6) (Found: OMe, 49-9%). Fraction IC (1-91 g., the residual 
liquid in the flask), ni" 1-4532, («ji — 46° in water (c, 1-0) (Found: OMe, 49-3%). There 
does not appear to be any methy] ester of a trimethyl methylgalacturonoside present in fraction 
IA, IB, or IC. The difference between the rotations of fractions IC and IA and IB is probably 
due to a variation in the amount of «- and 8-forms of the methyl ester of 2 : 3-dimethyl methyl- 
galacturonoside. 

An examination of the monomethyl methylgalacturonoside present in fraction II above will 
form the subject of a later communication. 


Determination of the Structure of the 2 : 3-Dimethyl Methylgalactofururonoside. 


The Amide of 2: 3-Dimethyl 8-Methylgalactofururonoside (III).—When specimens of each 
of the fractions IA, IB, and IC were separately treated with methyl-alcoholic ammonia for 
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3 days at — 5°, an amide was produced which crystallised after removal of the solvent at room 
temperature in an evacuated desiccator. The amide of 2 : 3-dimethyl B-methylgalactofururonoside 
had m. p. 124°, [«]}7" — 151° in water (c, 1-5) (after recrystallisation from ethyl acetate) (Found : 
C, 46-2; H, 7-4; N, 6:2; OMe, 39-3. C,H,,O,N requires C, 46-0; H, 7-3; N, 6-0; OMe, 
39-6%). 

The Methyl Ester of 2:3: 5-Trimethyl B-Methylgalactofururonoside (IV).—Two treatments 
of fraction IB (0-5 g.) with Purdie’s reagents gave a liquid (0-5 g.), b. p. (bath temp.) 
130°/0-03 mm., ni?" 1-4445, [a]}”” — 85° in water (c, 0-8) (Found: OMe, 58-6%; equiv., 275). 
The distillate crystallised on keeping and after removal of adhering syrup from the crystals by 
trituration with ice-cold light petroleum the methyl ester of 2: 3 : 5-trimethyl B-methylgalacto- 
fururonoside had [«]#?° — 123° in methyl alcohol (c, 1-0), m. p. 42° alone or in admixture with a 
synthetic specimen prepared by the oxidation of 2:3: 5-trimethyl methylgalactofuranoside 
(see succeeding paper) (Found: C, 49-9; H, 7-0; OMe, 58-1. C,,H,,O, requires C, 50-0; 
H, 6-8; OMe, 58-7%). 

Treatment of the crystalline methyl ester of 2 : 3 : 5-trimethyl 8-methylgalactofururonoside 
with methyl-alcoholic ammonia for 2 days at — 5° gave an amide which crystallised on removal 
of the excess of the solvent. After recrystallisation from ether the amide of 2 : 3 : 5-trimethyl 
6-methylgalactofururonoside (V) had m. p. 106° alone or in admixture with a synthetic 
specimen; [a] — 151-5° in water (c, 1-0) (Found: C, 48-1; H, 7:4; N, 55; OMe, 49-0. 

Ci9H,,0,N requires C, 48-2; H, 7-6; N, 5-6; OMe, 49-8%). 

Oxidation of the Methyl Ester of 2: 3 : 5-Trimethyl Methylgalactofururonoside with Nitric Acid 
and the Isolation of the y-Lactone Methyl Ester of 2 : 3 : 5-Tvimethyl Mucic Acid (IX).—A solution 
of the crystalline methyl ester of 2 : 3 : 5-trimethyl 6-methylgalacturonoside (140 mg.) in nitric 
acid (1-5 c.c., d 1-42) was heated for $ hour at 50° and for 2 hours at 80°. The solution was 
then diluted with water and freed from nitric acid by distillation under diminished pressure, 
the process being facilitated initially by the simultaneous addition and distillation of water; 
the last traces of nitric acid and of solvent were eliminated by the addition and distillation 
of methyl alcohol. The dry acidic product was then esterified by boiling for 8 hours with 1% 
methyl-alcoholic hydrogen chloride (20 c.c.); the solution was cooled, neutralised with silver 
carbonate, filtered, and evaporated under reduced pressure to a syrup, which crystallised on 
standing. After recrystallisation from ether the y-lactone methyl ester of 2:3: 5-trimethyl 
mucic acid had m. p. 62° alone or in admixture with a synthetic specimen; [a]?’” — 83° in 
water (c, 1-0). 

When this y-lactone methy! ester of 2 : 3: 5-trimethyl mucic acid was allowed to react with 
methyl-alcoholic ammonia at room temperature for 2 days, it readily gave the diamide of 
2:3: 5-trimethyl mucic acid, m. p. and mixed m. p. 255° (decomp.). This diamide showed a 
negative Weerman reaction (Found: C, 43-2; H, 7-1; N, 11-1; OMe, 37-3. C,H,,0,N, 
requires C, 43-2; H, 7-3; N, 11-2; OMe, 37-2%). 

The y-Lactone Methyl Estey of 2 : 3-Dimethyl Mucic Acid (VIII).—Method (a). A solution of 
the methyl ester of 2: 3-dimethyl methylgalacturonoside (0-95 g. of fraction IC) in water 
(10 c.c.) was warmed with 0-244n-barium hydroxide (20 c.c.) for 1 hour at 60°. The free 2 : 3-di- 
methyl methylgalacturonoside was liberated from the barium salt by the addition of 0-1n- 
sulphuric acid (50 c.c.; calc., 48-8 c.c.). After the solution had been warmed with a little 
charcoal, the barium sulphate was filtered off and washed with water; the filtrate was concen- 
trated under diminished pressure to a suitable volume (28 c.c.), and N-sulphuric acid (7 c.c.) 
added. When the solution, which contained the 2: 3-dimethyl methylgalacturonoside, was 
heated on the boiling water-bath, it showed [«]) — 41° (initial value); — 22° (after 1 hour); 
— 7-5° (2 hours); + 13-5° (3 hours); + 23-5° (4 hours); + 32-5° (5 hours); -++ 38° (6 hours) ; 
+ 48-6° (8 hours); + 59° (10 hours); + 66° (12 hours); + 71° (14 hours); + 73-5° (16 hours) ; 
+ 77-5° (18 hours); + 79-5° (20 hours); -+ 80° (22 hours); + 80-3° (24 hours); -+ 79-5° 
(27 hours). The solution, which now reduced Fehling’s solution actively, was neutralised while 
still hot with barium carbonate, treated with a little charcoal, filtered, and evaporated to dryness 
under diminished pressure. The residue was dissolved in water (15 c.c.), filtered to remove a 
little barium carbonate, and treated with bromine (0-7 c.c.) at room temperature for 2 days. 
After removal of the excess of the bromine by aeration, the solution was neutralised with silver 
oxide, filtered before and after treatment with hydrogen sulphide, and evaporated under 
diminished pressure to give the acid barium salt of 2 : 3-dimethyl mucic acid. Esterification 
of the latter was brought about by boiling it for 8 hours with 1-5% methyl-alcoholic hydrogen 
chloride (40 c.c.). The solution was cooled, neutralised with silver carbonate, filtered, and 
evaporated to a syrup, which was purified by extraction with ether. The product distilled 
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as a colourless liquid (0-7 g.), b. p. (bath temp.) 160—165°/0-02 mm., n}* 1-4600; [aJ}®° — 43° 
‘(initial value in water, c, 0-7); — 39° (after 15} hours) — 9° (18 days); — 8° (22 days); — 7° 
(33 days). The distillate crystallised on keeping and after recrystallisation from ethyl alcohol— 
ether—light petroleum the y-lactone methyl ester of 2 : 3-dimethyl mucic acid had m. p. 92° alone 
or in admixture with a specimen prepared from 2: 3-dimethyl galactose (see below); [a]}?" 
— 55-8° (initial value in water, c, 0-6); — 54° (after 1 day); — 12-5° (14 days); — 10-5° 
(18 days); — 4° (29 days, constant value). The rotation solution, originally neutral, was now 
strongly acid to Congo-paper (Found: C, 46-1; H, 5-8; OMe, 39-3. C,H,,O, requires C, 
46-15; H, 6-0; OMe, 39-8%). 

Method (b). <A solution of the methyl ester of 2 : 3-dimethyl methylgalacturonoside (1 g.) 
in nitric acid (12 c.c., d 1-42) was heated for $ hour at 50° and for 3} hours on the boiling water- 
bath. The dimethyl mucic acid thus produced was freed from nitric acid as above and esterified 
by boiling it for 8 hours with 1% methyl-alcoholic hydrogen chloride (100 c.c.). After neutralis- 
ation of the solution, followed by removal of the solvent, the product distilled, giving the 
y-lactone methyl ester of 2: 3-dimethyl mucic acid, b. p. (bath temp.) 130—140°/0-03 mm., 
n° 1-4600. The distillate crystallised and showed m. p. 92°, [«]}*° — 56°, initial value in water 
(c, 1-0) (after recrystallisation from ethyl alcohol-ether). 

Treatment of the crystalline y-lactone methyl ester of 2 : 3-dimethyl mucic acid with methyl- 
alcoholic ammonia for 2 days at room temperature gave the diamide (X) of 2 : 3-dimethyl mucic 
acid, m. p. 228° (decomp.) (after recrystallisation from water). When this diamide (20 mg.) 
was treated with a standard solution of sodium hypochlorite according to the directions previously 
used (Smith, J., 1939, 753), a Weerman degradation occurred with the formation of sodium 
isocyanate, the presence of which was proved by the formation of hydrazodicarbonamide, m. p. 
256°, when the solution was treated with sodium acetate and semicarbazide hydrochloride 
(Found : C, 41-0; H, 7-0; N, 11-7; OMe, 26-1. C,H,,0O,N, requires C, 40-7; H, 6-8; N, 11-9; 
OMe, 26-3%). 

Similarly when the lactone methyl ester of 2 : 3-dimethyl mucic acid was allowed to react 
with methylamine in methyl alcohol for 2 days at room temperature, the corresponding methyl- 
amide was produced, which crystallised on removal of the excess of the solvent. After 
recrystallisation from ethyl alcohol the bismethylamide of 2 : 3-dimethyl mucic acid had m. p. 
184° alone or in admixture with a synthetic specimen; [«]}” — 7-5° in water (c, 2-5) (Found : 
C, 45-2; H, 7-8; N, 10-4; OMe, 23-5. C,9H,,O,N, requires C, 45-4; H, 7:65; N, 10-6; 
OMe, 23-5%). 

Methylation of the Lactone Methyl Ester of 2:3-Dimethyl Mucic Acid.—The crystalline 
lactone methyl ester of 2 : 3-dimethyl mucic acid (75 mg.) was given one treatment with silver 
oxide and methyl iodide. The product was isolated by means of acetone and crystallised from 
ethyl alcohol—ether-light petroleum to give methyl 2 : 3: 4: 5-tetramethyl mucate, m. p. 109° 
(optically inactive) (Karrer and Peyer, Helv. Chim. Acta, 1922, 5, 577; Smith, J., 1939, 1724) 
(Found: C, 49-1; H, 7:7; OMe, 62-4. Calc. for C,,H,,O,: C, 49-0; H, 7-6; OMe, 63-3%). 
Purification of the crystalline material obtained from the mother-liquors by recrystallisation 
from ether gave the y-lactone methyl ester of 2 : 3 : 5-tvimethyl mucic acid (IX), m. p. 62°, [a]>” 
— 83° in water (c, 1-3) (Found : OMe, 50-1. C,,H,,0, requires OMe, 50-0%). 

Synthesis of the y-Lactone Methyl Ester of 2 : 3-Dimethyl Mucic Acid (VIII).—4 : 6;Benzylidene 
a-methylgalactopyranoside (7 g.), prepared by the method of Robertson and Lamb (loc. cit.), 
was given three methylations with Purdie’s reagents, the first one being carried out in the 
presence of acetone to dissolve the benzylidene a-methylgalactoside. After isolation by means 
of acetone, followed by recrystallisation from ether, the 4 : 6-benzylidene 2 : 3-dimethyl a-methy]l- 
galactoside had m. p. 125° (yield, 4-5 g.). 

4: 6-Benzylidene 2: 3-dimethyl a-methylgalactoside (4-1 g.) was hydrolysed by heating 
with n-sulphuric acid (50 c.c.) for 8 hours on the boiling water-bath. The solution was con- 
centrated to half its volume under diminished pressure to remove benzaldehyde and then 
freed from benzoic acid by filtration and extraction of the filtrate with ether. After neutralis- 
ation of the filtrate with barium carbonate, followed by removal of the solvent under reduced 
pressure, the 2 : 3-dimethyl galactose was obtained as a syrup, [a]}” ca. — 2° in water (c, 2-0) 
(Found : OMe, 30-4. Calc. for C,H,,O,: OMe, 29-8%). 

A solution of 2 : 3-dimethyl galactose (1-5 g.) in nitric acid (10 c.c., d 1-42) was heated for 
$ hour at 55—60° and for 2 hours at 75°. The solution was diluted with water and freed from 
nitric acid as in previous instances. The dry acidic residue was boiled for 10 hours with 1% 
methyl-alcoholic hydrogen chloride (100 c.c.). The solution was cooled, neutralised with silver 
carbonate, filtered, and evaporated to a syrup, which distilled, giving a colourless liquid (1-2 g.), 
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b. p. (bath temp.) 150°/0-03 mm., n>” 1-4610. This distillate crystallised spontaneously and 
after recrystallisation from ethyl acetate-ether-light petroleum the lactone methyl ester of 
2: 3-dimethyl mucic acid had m. p. 91°; [«]}* — 56° (initial value in water, c, 0-8); — 44-5° 
(after 2 days); — 37° (4 days); — 15-5° (13 days); — 6° (36 days, const. value) (Found : 
C, 46-4; H, 6-0; OMe, 39-2. C,H,,0, requires C, 46-15; H, 6-0; OMe, 39-8%). 

When this synthetic y-lactone methyl ester of 2 : 3-dimethyl mucic acid was treated with 
methyl-alcoholic ammonia, it gave the corresponding diamide (X) of 2 : 3-dimethyl mucic acid, 
m. p. 226° (decomp.) (after recrystallisation from water) (Found: C, 40-4; H, 7-1; N, 11:8; 
OMe, 27-0. Calc. for C,H,,0,N,: C, 40-7; H, 6-8; N, 11-9; OMe, 26-3%). 

Treatment of this synthetic lactone methyl ester with methyl-alcoholic methylamine for 2 
days at room temperature gave the crystalline bismethylamide of 2 : 3-dimethyl mucic acid in 
good yield, m. p. 184°, [«]}® — 7-5° in water (c, 2-1) (after recrystallisation from ethyl alcohol) 
(Found: C, 45-45; H, 7-8; N, 10-5; OMe, 22-9. Calc. for C,gH,,O,N,: C, 45-4; H, 7-65; 
N, 10-6; OMe, 23-5%). 

Methyl 2:3:4: 5-Tetramethyl Mucate.—A solution of the dl-y-lactone methyl ester of tri- 
methyl mucic acid (prepared by the methylation of the monolactone of mucic acid with Purdie’s 
reagents) (1 g.) in water (5 c.c.) was treated with methyl sulphate (10 c.c.) and sodium hydroxide 
(30 c.c. of a 30% solution) at 40°. The reagents were added simultaneously during 2 hours. 
The mixture was then heated at 80° for 4 hour, cooled, and neutralised by the addition of dilute 
‘sulphuric acid. After removal of the sodium sulphate by filtration, the solution was treated 
with N-sulphuric acid (8-0 c.c.) in order to liberate the tetramethyl mucic acid, and evaporated 
to dryness under diminished pressure. Extraction of the residue with ethyl alcohol gave 
syrupy 2:3: 4: 5-tetramethyl mucic acid, which was esterified by boiling for 8 hours with 1% 
methyl-alcoholic hydrogen chloride (50 c.c.). After neutralisation with silver carbonate, the 
solution was filtered and freed from solvent, giving methyl 2:3: 4: 5-tetramethyl mucate, 
m. p. 109° (after recrystallisation from ether). The crystals were optically inactive (Found: 
C, 49-2; H, 7-6; OMe, 62-7. Calc. for C,,H,,0,: C, 49-0; H, 7-5; OMe, 63-3%). 


The authors thank Professor W. N. Haworth, F.R.S., for his interest in this work. 
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204. The Constitution of Pectic Acid. Part II. The Synthesis of 
the Methyl Ester of 2:3: 5-Trimethyl 8-Methylgalacturonoside. 


By (Miss) S. Luckett and F. Situ. 


Investigations into the constitution of pectic acid have necessitated a study of 
methylated derivatives of galacturonic acid containing a furanose structure. One 
of these substances, namely, the crystalline methyl ester of 2:3: 5-trimethyl 
B-methylgalactofururonoside (VI), has been synthesised from methylgalactofuranoside. 
The structure of (VI) has been elucidated by its transformation into the crystalline 
y-lactone methyl ester of 2 : 3 : 5-trimethyl mucic acid (IX). 

During the course of this work the y-lactone (IV), the amide (V), and the phenyl- 
hydrazide of 2:3: 5-ivimethyl galactonic acid were isolated in the crystalline state. 


INVESTIGATIONS into pectic acid (see preceding paper) necessitated a closer examination of 
2:3: 5-trimethyl galacturonic acid and its derivatives. The synthesis of 2:3: 5-tri- 
methyl methylgalacturonoside was accomplished in the following way. When methy]l- 
galactofuranoside (Haworth, Ruell, and Westgarth, J., 1924, 125, 2468) was allowed to 
react with trityl chloride, 6-trityl methylgalactofuranoside (I) was formed, and this on 
methylation with methyl sulphate and sodium hydroxide solution gave 6-trityl 2 : 3: 5- 
trimethyl methylgalactofuranoside (II). Removal of the trityl group from (II) was smoothly 
effected with ethereal hydrogen chloride (Smith, J., 1939, 1724) and there was produced 
2:3: 5-trimethyl methylgalactofuranoside (III). Hydrolysis of the latter with dilute 
sulphuric acid gave 2 : 3 : 5-trimethyl galactose, which on oxidation with bromine furnished 
the crystalline 2 : 3 : 5-trimethyl y-galactonolactone (IV). This lactone, which can also be 
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characterised as the corresponding crystalline amide (V) and as the crystalline phenyl- 
hydrazide, behaved as a typical y-lactone in that it exhibited relatively slow mutarotation 
in aqueous solution. 

Treatment of 2:3: 5-trimethyl methylgalactofuranoside (III) with potassium per- 
manganate in alkaline solution converted the primary alcoholic group in position 6 into a 
carboxyl group and there resulted 2 : 3 : 5-trimethyl methylgalactofururonoside. Esteri- 
fication of this trimethyl galacturonoside with methyl-alcoholic hydrogen chloride yielded 
a mixture of the a- and the 8-form of the methyl ester of 2 : 3 : 5-trimethyl methylgalacto- 
fururonoside, from which the §-form (VI) was separated by crystallisation. The crystalline 
§-form (VI) was transformed, when treated with methyl-alcoholic ammonia, into the 
corresponding amide (VII) of 2 : 3 : 5-trimethyl 6-methylgalactofururonoside. 


0. 0. 0. 
H 
> H 5) H + H 
- } OMe —> - a/~OMe —> — "7 ~OMe 
H OH | H H les 
H-C-OH -~¢ 


OMe 
H-C-OMe H-C-OMe 
CH,°O-CPh, ° CH,-OH 
(I.) | (III.) 


When either the methyl ester of 2:3: 5-trimethyl galacturonoside (VI) or 2:3: 5- 
trimethyl methylgalactofuranoside (III) was heated with nitric acid, the corresponding 
2:3:5-trimethyl mucic acid (VIII) was formed: this acid was not isolated but after 
esterification and subsequent distillation it furnished the crystalline y-lactone methyl ester 
(IX) of 2:3: 5-trimethyl mucic acid, which in turn gave rise to a crystalline diamide (X) 
and a crystalline bismethylamide. This 2:3: 5-trimethyl mucic 1: 4~ylactone methyl 
ester is the enantiomorph of the 2:4: 5-trimethyl mucic 3:6-y-lactone methyl 
ester previously prepared from the y-lactone methyl ester of 2 : 4-dimethyl mucic acid by 
methylation (Smith, Joc. cit.). Confirmation of the furanoside structure of (III) and (V1) 
was provided by the observation that the diamide (X) of the trimethyl mucic acid showed 
a negative Weerman test for «-hydroxy-amides and consequently it follows that the three 
methyl groups must be in positions 2, 3, and 5. 

The methyl ester of 2 : 3 : 5-trimethyl 6-methylgalactofururonoside (V1), its amide (VII) 
and the 2: 3: 5-trimethyl mucic 1 : 4-y-lactone methyl ester (IX) proved to be identical 
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with the corresponding substances encountered during the work on pectic acid (preceding 
paper). 
EXPERIMENTAL. 


6-Trityl Methylgalactofuranoside (1).—A solution of methylgalactofuranoside, prepared from 
galactose (30 g.) by the method of Haworth, Ruell, and Westgarth (loc. cit.), in dry pyridine 
(65 c.c.) was treated with trityl chloride (50 g.) for 4 days at room temperature. The viscous 
mass was warmed and poured into water, and the syrupy precipitate triturated with water to 
remove as much of the pyridine as possible. The last traces of pyridine were removed from 
the compound by washing a chloroform solution of it several times with 0-5N-sulphuric acid. 
The chloroform solution was washed with sodium bicarbonate solution (twice), and then with 
water, and finally dried over anhydrous magnesium sulphate. Removal of the solvent gave 
6-ivityl methylgalactofuranoside as a pale yellow, glassy solid, [a]}* — 33° in acetone (c, 1-2) 
(Found: OMe, 6-5. C,,H,,O, requires OMe, 7-1%). 

6-Trityl 2:3: 5-Trimethyl Methylgalactofuranoside (I1).—The 6-trityl methylgalactofuran- 
oside from the previous experiment was dissolved in acetone (100 c.c.) and treated with methyl 
sulphate (100 c.c.) and sodium hydroxide (300 c.c. of a 30% solution) at 35°, The reagents were 
added slowly with stirring during 14 hours, acetone being added from time to time to replace 
that lost by evaporation in order to keep the trityl compound in solution. The methylation was 
completed by heating the solution to 60° to dispel the acetone. The trityl compound, which 
had separated on the surface of the hot liquid as a syrup, was removed and remethylated in the 
same way. After five methylations in this manner the crude material was freed from inorganic 
salts by dissolving it in chloroform (250 c.c.) and washing the chloroform solution several times 
with water. The solution was dried over anhydrous magnesium sulphate, filtered, and evapor- 
ated under diminished pressure to give a glassy solid. Four treatments of the latter with 
Purdie’s reagents gave 6-trityl 2:3: 5-trimethyl methylgalactofuranoside, [a] — 19° in 
chloroform (c, 1-0) (Found: OMe, 20-0. C,.H;,0O, requires OMe, 25-9%). The low methoxyl 
content is probably due to the presence of triphenylmethy] ether. 

2:3: 5-Trimethyl Methylgalactofuranoside (III).—A solution of 6-trityl 2:3: 5-trimethyl 
methylgalactofuranoside (52 g.) in ether (150 c.c.) was cooled in an ice-bath and saturated with 
dry hydrogen chloride. After being kept for } hour at 0° and for 4 hour at room temperature, 
the solution was evaporated under reduced pressure for a short time at room temperature to 
remove as much hydrogen chloride as possible. The residual ethereal solution, which still 
contained hydrogen chloride, was exhaustively extracted with water; the combined aqueous 
extracts were neutralised with lead carbonate, filtered, and evaporated under diminished 
pressure to give a syrup. This syrup was purified by extraction with acetone and distilled, 
giving 2:3: 5-irimethyl methylgalactofuranoside as a colourless, non-reducing, mobile liquid 
(19 g.), b. p. (bath temp.) 150°/0-05 mm., mj®* 1-4510, [aj — 55° in water (c, 1-2) 
(Found: OMe, 51-0, C,,H,,O, requires OMe, 52-5%). 

2:3: 5-Trimethyl y-Galactonolactone (IV).—When a solution of 2: 3: 5-trimethyl methyl- 
galactofuranoside (1-1 g.) in 0-1N-sulphuric acid was heated on the boiling water-bath, it showed 
[a]p — 54° (initial value); — 43° (after 3 hours); — 39° (4 hours); — 27° (6 hours); — 22° 
(7 hours) ; — 15° (9 hours, constant value). The solution was neutralised with barium carbonate, 
filtered, and evaporated under diminished pressure to give 2 : 3 : 5-trimethyl galactose as a liquid 
(0-97. g.), [a]P” — 5° in water (c, 0-8) (Found: OMe, 44-0. C,H,,O, requires OMe, 41-9%). 
The high methoxyl] value is probably due to the presence of some methylgalactopyranoside in 
the starting product, methylgalactofuranoside, a portion of which would be in the form of 
2:3: 4-trimethyl methylgalactoside at this stage. 

A solution of this syrupy 2 : 3: 5-trimethyl galactose (0-9 g.) in water (4 c.c.) was oxidised 
with bromine (2 c.c.) at room temperature for 18 hours. The solution was freed from the 
excess of bromine by aeration, neutralised with silver oxide, filtered before and after treatment 
with hydrogen sulphide, and evaporated under diminished pressure. The lactone obtained in 
this way distilled as a colourless liquid, b. p. (bath temp.) 170—175°/0-01 mm., which imme- 
diately crystallised. After recrystallisation from ethyl alcohol—light petroleum the 2: 3: 5- 
trimethyl y-galactonolactone had m. p. 90°; [a]i®* — 37°, initial value in water (c, 0-7); — 32° 
(after 5 days, mutarotation still incomplete) (Found: C, 49-5; H, 7-1; OMe, 41-8. C,H,,0, 
requires C, 49-1; H, 7-3; OMe, 42-3%). 

Treatment of the crystalline 2: 3 : 5-trimethyl y-galactonolactone (50 mg.) with methyl- 
alcoholic ammonia for 1 day at —5° readily gave the amide (V) of 2 : 3 : 5-trimethyl galactonic 
acid, which crystallised on removal of the solvent; m. p. 152°, [a]}® ca + 3° in water (c, 2-0) 
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(after recrystallisation from ethyl alcohol—ether) (Found : C, 45-6; H, 7:8; N, 5-8. C,H,,O,N 
requires C, 45-6; H, 8-0; N, 5-9%). 

Similarly, when the 2 : 3 : 5-trimethyl y-galactonolactone (20 mg.) was allowed to react with 
phenylhydrazine (15 mg.) in boiling ether (1 c.c.) for } hour and for 1 hour at 70° in the absence 
of solvent, the corresponding crystalline phenylhydrazide of 2: 3: 5-trimethyl galactonic acid 
was obtained, m. p. 144°, [a]} + 18° in ethyl alcohol (c, 1-2) (after recrystallisation from ethyl 
alcohol—ether) (Found: N, 8-7. C,;H,,0,N, requires N, 9-0%). 

The Methyl Ester of 2: 3 : 5-Trimethyl B-Methylgalactofururonoside (VI).—To a solution of 
2:3: 5-trimethyl methylgalactofuranoside (1-2 g.) in water (15 c.c.) was added a solution of 
potassium permanganate (1-8 g.) and potassium hydroxide (0-65 g.) in water (25c.c.). Oxidation 
was complete after 3 days and the slight excess of potassium permanganate was then destroyed 
with a few drops of hydrogen peroxide. The solution was treated with a little charcoal, filtered 
to remove manganese dioxide, neutralised with n-sulphuric acid, treated with n-sulphuric acid 
(4:5 c.c.) to liberate the organic acid, and evaporated to dryness under diminished pressure at 
35°. Extraction of the residue with chloroform gave 2 : 3 : 5-trimethyl methylgalacturonoside 
as an acidic syrup, which was dissolved in water (10 c.c.) and neutralised with 0-3N-barium 
hydroxide. The solution, which now contained the barium salt of the methylated uronic acid, 
was evaporated under reduced pressure to give a colourless glassy solid, which was extracted 
with ether to remove unchanged 2: 3: 5-trimethyl methylgalactofuranoside (0-1 g.). Treat- 
ment of the barium salt (1-5 g.) with boiling 1% methyl-alcoholic hydrogen chloride (100 c.c.) 
for 8 hours effected esterification. Neutralisation of the solution with silver carbonate, followed 
by filtration and removal of the solvent, gave the methyl ester of 2:3: 5-trimethyl methyl- 
galactofururonoside, which distilled as a colourless mobile liquid, b. p. (bath temp.) 125°/0-03mm., 
ni* 1-4420, [a] — 74° in water (c, 1-5) [Found: equiv., 265 (by heating with 0-02n-sodium 
hydroxide); OMe, 59-3%]. The distillate crystallised spontaneously and after tiling and 
recrystallisation from light petroleum the methyl ester of 2 : 3 : 5-trimethyl §-methylgalacto- 
fururonoside had m. p. 43° [«]}#° — 129° in methyl alcohol (c, 1-0). It was identical with that 
obtained from the methylated polygalacturonic acid examined in the preceding paper (Found : 
C, 50:1; H, 6-9; OMe, 57-8. Calc. for C,,H,,O,: C, 50-0; H, 6-8; OMe, 58-7%). 

Treatment of this crystalline methyl ester of 2 : 3 : 5-trimethyl 8-methylgalactofururonoside 
with methyl-alcoholic ammonia for 2 days at —5° yielded the corresponding amide, m. p. 105°, 
[a] — 150° in water (c, 1-0) (after recrystallisation from ether) (Found: C, 48-1; H, 7-6; 
N, 5°8; OMe, 50-2. C,9H,,0O,N requires C, 48-2; H, 7:6; N, 5-6; OMe, 49-8%). 

The y-Lactone Methyl Ester of 2:3: 5-Trimethyl Mucic Acid (IX).—(a) From 2:3: 5- 
trimethyl methylgalactofuranoside. A solution of 2:3: 5-trimethyl methylgalactofuranoside 
(1-5 g.) in concentrated nitric acid (10 c.c., d 1-42) was heated for $ hour at 50° and, when the 
initial vigorous reaction had ceased, for 2 hours at 80°. The solution was diluted with water 
and freed from nitric acid by distillation under diminished pressure, a process which was facili- 
tated by the simultaneous addition and distillation of water and finally of methyl alcohol. The 
acidic syrup was dried by heating in a vacuum and then esterified by boiling with 1% methyl- 
alcoholic hydrogen chloride (100 c.c.) for 6 hours. The solution was cooled, neutralised with 
silver carbonate, filtered, and evaporated under diminished pressure to a syrup. Distillation of 
this syrup gave the y-lactone methyl ester of 2: 3 : 5-trimethyl mucic acid as a colourless liquid 
(1-3 g.), b. p. (bath temp.) 160°/0-01 mm., nf” 1-4500, which crystallised spontaneously. 
After recrystallisation from ether it had m. p. 62°, [a]}®* — 84° (initial value in water, c 1-0) 
(Found: C, 48-7; H, 6-1; OMe, 49-8; equiv., 130. C, 9H,,O, requires C, 48-4; H, 6-4; 
OMe, 50-0%; equiv., 124). 

(b) From the methyl ester of 2: 3 : 5-trimethyl B-methylgalactofururonoside. A solution of the 
crystalline methyl ester of 2:3: 5-trimethyl methylgalacturonoside (150 mg.) in nitric acid 
(4 c.c., d 1-42) was heated for $ hour at 50° and for 14 hours at 90°. The 2: 3: 5-trimethyl 
mucic acid thus produced was converted as in (a) into the crystalline y-lactone methyl ester, 
which had m, p. 62° alone or in admixture with a specimen prepared from 2: 3 : 5-trimethyl 
methylgalactofuranoside (Found : OMe, 49-5%). 

When the y-lactone methyl ester of 2 : 3 : 5-trimethyl mucic acid was treated with methyl- 
alcoholic ammonia for 3 days at —5°, an amide was obtained which crystallised on removal of 
the solvent. After recrystallisation from water the diamide (X) of 2: 3: 5-trimethyl mucic 
acid had m. p. 255° (decomp.). This amide gave a negative Weerman test (Found: OMe, 36-0. 
C,H,,0,N, requires OMe, 37-2%). 

In another experiment the interaction of the ester-lactone with ammonia was arrested before 
the formation of the diamide of 2 : 3 : 5-trimethyl mucic acid was complete and on removal of 
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the solvent there was obtained the amide of 2:3: 5-irimethyl mucic acid monomethyl ester, 
m. p. 173° (after recrystallisation from ethyl alcohol). This monoamide showed a negative 
Weerman reaction (Found : N, 5-4; OMe, 47:1. C,9H,,0,N requires N, 5-3; OMe, 46-8%). 

Treatment of the y-lactone methyl ester of 2:3: 5-trimethyl mucic acid with methyl- 
alcoholic methylamine at room temperature for 2 days gave the bismethylamide of 2:3: 5- 
trimethyl mucic acid, in excellent yield, m. p. 232°; [«]}” — 22° in water (c, 1-8) (after 
recrystallisation from ethyl alcohol) (Found: C, 47-6; H, 7:8; N, 10-1; OMe, 32-5. 
C,,H,,0,N, requires C, 47-5; H, 7-9; N, 10:1; OMe, 33-4%). 


The authors thank Professor W. N. Haworth, F.R.S., for his interest in this work. 
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205. Cannabis Indica. Part III. The Synthesis of Dibenzopyran 
Derivatives, including an Isomer of Cannabinol. 


By R. Guosu, D. C. S. PASCALL, and A. R. Topp. 


3-N-Nitrosoacetamido-4-cyanotoluene condensed with quinol dimethyl ether to 
give 2’-cyano-2 : 5-dimethoxy-5'-methyldiphenyl, from which by acid treatment 
6-hydroxy-5'-methyl-3 : 4-benzocoumarin (V; R =H) was readily obtained. The 
acetate of (V; R = H) gave with methylmagnesium iodide the corresponding derivative 
(VI; R =H) of 2: 2-dimethyldibenzopyran. In similar fashion 5’’-hydroxy-2 : 2: 5’- 
trimethyl-4"'-n-amyldibenzopyran (V1; R = C;H,,) was synthesised; this product is an 
isomer of cannabinol, a constituent of Indian and Egyptian hashish. Like cannabinol, 
(VI; R = C,H,,) was inactive in the Gayer test on rabbits at a dose of 5 mg./kg. 


Attempts to apply the synthetic method to orcinol dimethyl ether and to ethyl 
veratrate were unsuccessful. 


DEGRADATIVE experiments on cannabinol by Bergel, Cahn, and others led to the con- 
clusion that this constituent of Cannabis resins is a derivative of 2 : 2 : 5’-trimethyldibenzo- 
pyran (I) bearing in ring B a hydroxy- and an n-amyl group whose positions could not be 
established with certainty (Cahn, J., 1932, 1342). Consideration of this structure shows 
that it would be difficult to obtain any more accurate information as to the location of 
substituents in ring B by oxidative experiments. Cahn (J., 1933, 1400) described an acid 
fission of cannabinol which gave an unidentified dihydroxydiphenyl derivative by opening 
of the heterocyclic ring and loss of three carbon atoms; this product seemed a possible 
starting point for further investigations, but, unfortunately, the extreme conditions em- 
ployed gave rise, in our experiments, to a series of accidents whereby most of the available 
material was lost. We therefore decided to devote our attention to a solution of the problem 
by synthesis of some of the possible structures. A number of routes suggest themselves 
for this purpose and some of the results so far obtained with them are now described. 
Although it has recently been shown by Jacob and Todd (Nature, 1940, 145, 350) that 
cannabinol gives a positive indophenol test, indicating that the p-position to the hydroxyl 
is unsubstituted, and that this, coupled with the results of Adams, Hunt, and Clark 
(J. Amer. Chem. Soc., 1940, 62, 735) on cannabidiol, makes (II) the most probable structure 
for cannabinol (Jacob and Todd, this vol., p. 649), this was not known at the commencement 
of the synthetic experiments. Indeed, it was considered possible that cannabinol, on the 
grounds of its weak reducing properties, might be a quinol or catechol derivative. The 
idea that it might be the quinol derivative (VI; R = C,H,,) seemed attractive in that such 
a structure might arise in the first instance from a terpene—quinol condensation such as is 
met with in vitamins E and K. 

Cahn (J., 1933, 1400) has described the synthesis of a few simple dibenzopyran deriv- 
atives; his method involved formation of 3 : 4-benzocoumarins from diazotised anthranilic 
acid and phenols, followed by treatment with methylmagnesium iodide and cyclisation of 
the resulting tertiary alcohols. The yields obtained by Cahn were rather poor and we were 
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unsuccessful in attempts to apply his method to quinol derivatives. It was thus necessary 
to alter the method employed for the initial stage in the series. The reaction between 
N-nitrosoacylarylamines and benzene derivatives to give substituted diphenyls, discovered 
by Bamberger (Ber., 1897, 30, 366) and recently developed greatly by Heilbron, Hey, and 
their collaborators, can be adapted to our requirements as regards dibenzopyrans derived 
from quinol (e.g., VI). 3-Acetamido-4-cyanotoluene (III) (Bogert and Hoffman, J. Amer. 
Chem. Soc., 1905, 27, 1295) readily yielded an unstable nitroso-derivative on treatment 
with nitrous fumes, and this product reacted readily with benzene to give 2-cyano-5- 
methyldiphenyl. When condensed with quinol dimethyl ether, it gave similarly 2’-cyano- 
2 : 5-dimethoxy-5'-methyldiphenyl (IV); the corresponding diethoxy-compound was also 
prepared by means of quinol diethyl ether. When heated with concentrated hydrobromic 
acid, (IV) underwent hydrolysis of the nitrile group, demethylation, and lactonisation, the 
product being 6-hydroxy-5'-methyl-3 : 4-benzocoumarin (V; R =H). The acetate of this 
substance, treated with excess of methylmagnesium iodide and worked up in the normal 
manner, furnished 5’’-hydroxy-2 : 2 : 5'-trimethyldibenzopyran (VI: R=H). No indi- 
cation was obtained of the presence of the tertiary alcohol which might have been expected 
as an initial product, although substances of this nature were obtained by Cahn (J., 1933, 
1400). A similar series of reactions, 2 : 5-dimethoxy-n-amylbenzene being used in place of 
quinol dimethyl ether, yielded in turn 6-hydroxy-5'-methyl-7T-n-amyl-3 : 4-benzocoumarin 
(V; R=C,H,,) and 5”-hydroxy-2 : 2: 5’-trimethyl-4"-n-amyldibenzopyran (V1; R= 
C;H,,). The latter product, a colourless crystalline compound, is isomeric but not identical 
with cannabinol. 


Me Me OH Me 
(I .) SP grr BO com 
(II.) N 

CMe,-O -O 


CMe, (III.) 


(IV.) CO—O _ (V.) 


Me OMe Me OH Me OH 
8-3 : i 
N e 
Me,-O (VI) 


The precise orientation of these compounds has not been rigidly proved, but the structures 
allotted are, from the mode of synthesis, almost certainly correct. Up to the present little 
work has been done on the reaction of nitrosoacylarylamines with heavily substituted 
benzene derivatives, but it has been established that in the case of monosubstituted com- 
pounds the substituent phenyl] residue enters in the p-position and to a lesser extent in the 
0-position ; it seems, therefore, reasonable to conclude that in this case substitution would 
occur in the position indicated by the above structure (V; R =C,H,,). Like cannabinol, the 
isomeric substance (VI; R = C,H,,) gives a negative result in the Gayer test for Cannabis 
on rabbits. Prof. A. D. Macdonald, to whom we are deeply indebted for the pharmaco- 
logical tests, found that the compound was inactive at a dose level of 5 mg./kg.; this dose 
is some 50 times greater than the amount of some of our Indian hashish fractions necessary 
to evoke a full response. 

Attempts were made to extend the synthetic method just described to derivatives of 
catechol and resorcinol. The sole product isolated from the reaction of 3-N-nitroso- 
acetamido-4-cyanotoluene with orcinol dimethyl ether was a bright red compound which 
from its analysis was probably 2-cyano-2’ : 6’-dimethoxy-4' : 5-dimethylazobenzene. 
Efforts to condense 3-N-nitrosoacetamidotoluene with ethyl veratrate yielded only 
tarry products. Of other possible routes to dibenzopyrans which were explored, 
the following may be mentioned. The reaction between benzoquinone and diazonium 
compounds described by Kvalnes (J. Amer. Chem. Soc., 1934, 56, 2478) was investigated, 
a number of aromatic amines being used bearing in the o-position a group (e.g., CN) which 
could subsequently be utilised for lactone formation. Like Kvalnes, we found that the 














1120 Ghosh, Pascall, and Todd: Cannabis Indica. Pari III. 


presence of the o-substituent prevented the formation of diphenyls. Efforts to convert 
phenyl anthranilate into a 3 : 4-benzocoumarin were similarly unsuccessful. 


EXPERIMENTAL. 


3-N-Nitrosoacetamido-4-cyanotoluene.—Through a solution of 3-acetamido-4-cyanotoluene 
(III) (2 g.) (Bogert and Hoffman, Joc. cit.) in a mixture of glacial acetic acid (10 c.c.) and acetic 
anhydride (2 c.c.) at 0°, dry nitrous fumes were rapidly passed for ca. 2 hours. The deep green 
solution was poured into ice-water, the mixture shaken for a few minutes, and the pale yellow, 
granular solid collected, washed with ice-water, and dried on porous plate (yield, 90%). The 

‘nitroso-compound is very unstable and decomposes explosively on heating. 

2-Cyano-5-methyldiphenyl.—The yellow solution of the above nitroso-compound (1-75 g.) 
in cold benzene (150 c.e.) gradually became deep red and nitrogen was evolved. After 24 hours, 
the benzene was distilled off, and the residue sublimed at 150°/0-01 mm. The pale yellow sub- 
limate furnished on recrystallisation from light petroleum (b. p. 40—60°) colourless stout 
prisms (0-83 g.), m. p. 87—88° (Found: C, 87-3; H, 5-7; N, 6-9. C,,H,,N requires C, 87-1; 
H, 5-7; N, 7-2%). 

2’-Cyano-2 : 5-dimethoxy-5'-methyldiphenyl (IV).—3-N-Nitrosoacetamido-4-cyanotoluene 
(19 g.) was added during several hours to quinol dimethyl ether (250 g.), maintained at 60° 
during and for 8 hours after the addition; steam-distillation then removed the excess of quinol 
dimethyl ether. The residual oil was taken up in ether, and the solution dried and evaporated. 
Sublimation of the residue at 130—140°/10-* mm. gave a solid, which crystallised from alcohol 
in colourless needles, m. p. 97° (yield, 41%) (Found: C, 75- ‘9; H, 6-0; N, 5-9. C,,H,,O,N 
requires C, 75:9; H, 5-9; N, 55%). 

2'-Cyano-2 : 5-diethoxy-5'-methyldiphenyl, prepared similarly from quinol diethyl ether at 
75°, formed colourless needles, m. p. 72—73° (Found: C, 76-5; H, 6-5; N, 4:9; OEt, 32-0. 
C,,H,,0,N requires C, 76-8; H, 6-7; N, 5-0; OEt, 320%). The low yield (24%) was probably 
due to the high temperature necessary to keep the quinol diethyl ether liquid during the 
reaction. 

6-Hydroxy-5'-methyl-3 : 4-benzocoumarin (V; R = H).—2’-Cyano-2 : 5-dimethoxy-5’-methyl- 
diphenyl (9 g.) was refluxed during 3 hours with concentrated hydrobromic acid (70 c.c. of 
48%); the mixture was then diluted with water, and the solid product collected. After 
recrystallisation from alcohol (charcoal) the benzocoumarin was obtained in clusters of colourless 
needles (8 g.), m. p. 233—234° (decomp.) (Found: C, 74-4; H, 5-1. C,H,,O, requires C, 74-3; 
H, 45%). The acetate, obtained by refluxing with acetic anhydride in pyridine solution, 
crystallised from alcohol in short stout needles, m. p. 155° (Found: C, 71:3; H, 4:7. C,.H,,0, 
eae C, 71-6; H, 45%). 

5"’-Hydroxy-2 : 2: 5'-ivrimethyldibenzopyran (VI; R=H).—The above acetate (5 g.), 
dissolved in dry anisole (150 c. c.), was added to a solution of methylmagnesium iodide (from 
22-5 g. of methyl iodide) in ether—anisole (200 c.c.). A heavy white precipitate formed and the 
mixture was heated on the steam-bath with constant stirring during 2 hours. The mixture was 
decomposed with ice and dilute sulphuric acid, anisole removed by steam-distillation, the product 
taken up in ether, and the solution dried and evaporated. The residual oil on distillation at 
150° /0-015 mm. yielded a pale yellow resin, which crystallised from light petroleum (b. p. 60—80°) 
in colourless needles (4 g.), m. p. 118° (Found: C, 80-1; H, 6-6. Cy 6H 1602 requires C, 80-0; 
H, 6:7%). The dibenzopyvan dissolved in aqueous or alcoholic alkali to give colourless solutions. 
Its acetate, prepared by refluxing with acetic anhydride in pyridine solution, crystallised from 
light petroleum (b. p. 40—60°) in colourless needles, m. p. 86—87° (Found: C, 75-9; H, 6-2. 
C,,H,,0, requires C, 76-6; H, 6-4%). Treatment with 3 : 5-dinitrobenzoyl chloride in pyridine 
solution gave a 3 : 5-dinitrobenzoate, crystallising from acetic acid in yellow needles, m. p. 169° 
(Found: C, 63-5; H, 4:0; N, 6-4. C,3H,,0,N, requires C, 63-6; H, 4-1; N, 6-4%). 

2 : 5-Dimethoxy-n-amylbenzene.—The procedure of Cruickshank and Robinson (J., 1938, 
2066) was followed, save that the following method was found much more satisfactory for the 
preparation of the initial 2-hydroxy-5-methoxy-n-valerophenone: Valeric acid (61 g.) was 
heated under reflux for 4 hours with thionyl chloride (72 g.), the excess of the latter removed, 
and the crude chloride added dropwise to a boiling mixture of carbon disulphide (300 c.c.), 
quinol dimethyl ether (60 g.), and anhydrous aluminium chloride (100 g.). Heating was con- 
tinued for 4 hours, and the mixture left overnight; the carbon disulphide layer was then 
decanted, and the residue decomposed with ice and concentrated hydrochloric acid. Un- 
changed material was removed by steam-distillation, the residue, which solidified on cooling, 
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extracted with chloroform, and the extract dried and evaporated, The product distilled at 
135—145°/0-1 mm. Recrystallised from light petroleum, it had m. p. 62° and gave a 2: 4- 
dinitrophenylhydrazone, m. p. 185°. Cruickshank and Robinson (loc. cit.) give m. p. 62°; 
2 : 4-dinitrophenylhydrazone, m. p. 186°. The yield of ketone was 70 g. 

Acetylation by means of acetic anhydride in pyridine solution gave 2-acetoxy-5-methoxy- 
valerophenone, forming yellowish prisms from alcohol, m. p. 72—73° (Found: C, 66-8; H, 7:1. 
Cy4H1,0, requires C, 67-2; H, 7-2%). Treatment of the ketone in alcoholic solution with 
semicarbazide hydrochloride and sodium acetate yielded two products, which were readily 
separated by reason of their differing solubility in alcohol. The less soluble product formed 
long yellow needles, m. p. 161—162°, and appeared to be the ketazine (Found: C, 70-0; H, 8-5; 
N, 6-8. C,,H;,0,N, requires C, 70-0; H, 8-0; N, 6-8%). The other was a pale greenish, 
microcrystalline powder, m. p. 159—160°, whose nitrogen content indicated it to be the 
semicarbazone (Found: N, 15-4. C,,;H,,0,N; requires N, 15-8%). 

2'-Cyano-2 : 5-dimethoxy-5'-methyl-4-n-amyldiphenyl.—3-N -Nitrosoacetamido-4-cyanotoluene 
(8 g.) was added during 3—4 hours to 2: 5-dimethoxy-u-amylbenzene (68 g.) maintained 
at 45—50°. Nitrogen was evolved and, after standing overnight, the deep red solution 
was worked up as before. The product was a thick oil which distilled fairly steadily at 
95—100°/0-036 mm. (Found: C, 77-6; H, 8:5; N, 4:2. (C,,H,,O,N requires C, 78-0; H, 7-7; 
N, 43%). Yield, 3-5 g. 

6-H ydroxy-5'-methyl-7-n-amyl-3 : 4-benzocoumarin (V; R =C,H,,).—The above nitrile 
(1-25 g.) was refluxed with hydrobromic acid (25 c. c. of 48%) during 5 hours, and the product 
worked up in the usual way. The benzocoumarin crystallised from alcohol in needles, m. p. 
191—192° (Found: C, 76-9; H, 6-9. C,,H,,O, requires C, 77-0; H, 68%). The acetate, 
prepared by refluxing with acetic anhydride in pyridine solution, crystallised from alcohol 
in needles, m. p. 138—139° (Found: C, 74-9; H, 7-1. (C,,H,,O, requires C, 74-6; H, 6-5%). 

5"'-Hydroxy-2 : 2: 5'-trimethyl-4''-n-amyldibenzopyran (VI; R = C,;H,,).—The above acetate 
was treated with excess of methylmagnesium iodide in anisole solution in a manner analogous 
to that described for the preparation of (VI; R= H). Recrystallised from light petroleum 
(b. p. 60—80°), the product formed colourless plates, m. p. 110—111° (Found: C, 81-3; H, 8-8. 
C,,H,,O, requires C, 81:3; H, 8-4%). The substance gave no coloration with alcoholic potash 
or with 2 : 6-dichloroquinonechloroimide. In alcoholic solution it showed absorption maxima 
at 2475 a. (e 11,550), 2765 a. (c 10,560), and 3400 a. (c 7450). 

Condensation of Orcinol Dimethyl Ether with 3-N-Nitrosoacetamido-4-cyanotoluene.—The 
reaction was carried out at room temperature. Although the solution turned deep red, very 
little evolution of nitrogen occurred and, on working up, a bright red solid was obtained. It 
crystallised from alcohol in needles, m. p. 126°, and was almost certainly 2-cyano-2’ : 6’- 
dimethoxy-4' : 5-dimethylazobenzene (Found: N, 14-2. C,,H,,0,N, requires N, 14-0%). 


The authors thank the University of Calcutta for a Sir T. N. Palit research scholarship 
(held by R. G.) and Imperial Chemical Industries, Ltd., for a research scholarship (held by 
D.C. S. P.). 
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206. Cannabis Indica. Part IV. The Synthesis of Some 
Tetrahydrodibenzopyran Derivatives. 


By R. Guosu, A. R. Topp, and S. WILKINSON. 


A general method for the synthesis of 2 : 2-dimethyl-3’ : 4’ : 5’ : 6’-tetrahydro-° 
dibenzopyrans by the action of excess of methylmagnesium iodide on 3 : 4-cyclohexeno- 
coumarins is described. The compounds prepared include 6'’-hydroxy-2: 2: 5'- 
trimethyl-4''-n-amyl-3' : 4' : 5 : 6'-tetrahydrodibenzopyran (V), which may be a tetra- 
hydrocannabinol (cf. Part II, this vol., p. 649). Several of the synthetic substances 
have been tested on rabbits by the Gayer hashish test, but all were inactive at a dosage 
of 5 mg./kg. None of the compounds prepared gave a positive Beam test (red-violet 
colour with alcoholic potash). Although hydroxy-3 : 4-cyclohexenocoumarins could 
be prepared from quinol and from resorcinol derivatives, no such compounds could 
be synthesised from derivatives of catechol. 
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In Part III (preceding paper) the application of the Bamberger reaction to the synthesis 
of dibenzopyrans related to cannabinol was described. This type of reaction has obvious 
limitations and, amongst others, methods have been investigated which involve the synthesis 
of partially hydrogenated dibenzopyrans which could subsequently be dehydrogenated 
to give cannabinol types. The use of such methods has an added advantage in that they 
might be applied to the synthesis of other constituents of Cannabis resin. Cannabidiol, a 
constituent of American (Adams, Hunt, and Clark, J. Amer. Chem. Soc., 1940, 62, 196) 
and of Egyptian hashish (Jacob and Todd, Nature, 1940, 145, 350; this vol., p. 649), is 
a doubly unsaturated derivative of menthylolivetol (I) (Adams, Hunt, and Clark, loc. cit., 
p. 735); the exact location of the double bonds is not certain, although it is known that 
neither can be conjugated with the aromatic nucleus (Jacob and Todd, this vol., p. 649). 
Re-examination of the spectrum of cannabidiol by Dr. A. E. Gillam of this Department 
has shown it. to possess a strong absorption band in the neighbourhood of 2300 A. (e ca. 
10,000), which suggests the presence of a conjugated system in which one double bond is 
exocyclic. On the grounds of common occurrence it is probable that the orientation of 
substituents in cannabidiol and cannabinol is the same, #.e., that the latter is simply a 
dibenzopyran derivative formed by cyclisation and dehydrogenation of the former. 
Cannabol, which has been obtained in very small amount from Indian hashish (Jacob and 
Todd, Nature, 1940, 145, 350), may be a cyclised isomer of cannabidiol and the general 
properties of the Cannabis resins suggest that they may contain complex mixtures of 
compounds related to these three individuals but differing from each other in degree of 
unsaturation and location of double bonds. 

The present communication describes a series of experiments designed to test the 
validity of the synthetic methods and to pave the way for the synthesis of cannabinol. 
The first step was the condensation of cyclic 6-ketonic esters with dihydric phenols to give 
derivatives of 3:4-cyclohexenocoumarin (II). Several coumarins of this type have 
already been described: Dieckmann (Amnalen, 1907, 317, 27) prepared 7-hydroxy-3 : 4- 
cyclohexenocoumarin from ethyl cyclohexanone-2-carboxylate and resorcinol and Ahmad 
and Desai (Chem. Abstr., 1938, 4562, 9066) synthesised in analogous fashion 7-hydroxy- 
5’-methyl-3 : 4-cyclohexenocoumarin from resorcinol and the coumarins (III; R, =H, 
R, = Me) and (III; R, = R, = Me) from orcinol. We prepared the above compounds 
by the normal v. Pechmann procedure, using concentrated sulphuric acid as condensing 
agent. The products had the properties recorded by the above workers, save that 
7-hydroxy-5’-methyl-3 : 4-cyclohexenocoumarin had m. p. 199—200°, whereas Ahmad and 
Desai (loc. cit., 9066) give m. p. 142°; possibly this figure is a misprint. The orientation 
of these compounds is confirmed by the fact that the resorcinol products give no coloration 
with 2 : 6-dichloroquinonechloroimide and the orcinol products having the #-position to 
the hydroxyl group unsubstituted give a blue colour with this reagent (indophenol test ; 
cf. Gibbs, J. Biol. Chem., 1927, 72, 649). With quinol as phenolic component in the cyclo- 
hexenocoumarin synthesis, 6-hydroxy-3 : 4-cyclohexenocoumarin and 6-hydroxy-5'-methyl- 
3 : 4-cyclohexenocoumarin were obtained, although the yields were poor. With catechol, 
guaiacol, or vanillic acid, no coumarin formation could be detected. 

When the acetates of the various cyclohexenocoumarins were treated in anisole solution 
with an excess of methylmagnesium iodide, they yielded directly the corresponding 
hydroxylated derivatives of 2: 2-dimethyl]-3’ : 4’ : 5’ : 6’-tetrahydrodibenzopyran (IV). 
_No intermediate products were isolated. The individual compounds were colourless 
crystalline solids which were characterised as acetates. 

The successful outcome of these model experiments led to their extension to the syn- 
thesis of 6’’-hydroxy-2 : 2 : 5’-trimethyl-4''-n-amyl-3’ : 4’ : 5’ : 6’-tetrahydrodibenzopyran (V). 
Olivetol (5-n-amylresorcinol) condensed smoothly with ethyl 1-methyleyclohexan-3-one- 
4-carboxylate to give 5-hydroxy-5'-methyl-7-n-amyl-3 : 4-cyclohexenocoumarin (III ; Ry =Me, 
R, = C;H,,); the acetate of this product, treated with methylmagnesium iodide, afforded 
(V) as a viscous resin which has not yet been crystallised. It may be noted that (V) is 
probably a tetrahydrocannabinol (cf. Jacob and Todd, this vol., p. 649) and experiments 
are now in progress on its dehydrogenation with the object of achieving the synthesis of 
cannabinol itself. Absorption spectrum measurements carried out on the synthetic 
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tetrahydrodibenzopyran derivatives described afford additional evidence for the view that 
cannabinol, which has a single maximum at 2850 A., cannot be a derivative of 4’’- or 5”- 
hydroxydibenzopyran (cf. Jacob and Todd, Joc. cit.). Of the compounds examined, only 
those bearing a hydroxyl in position 6” showed a single absorption maximum; 4’’- and 
5’-hydroxy-compounds showed two maxima. Several of these synthetic tetrahydro- 
dibenzopyrans have been tested on rabbits by the Gayer test by Prof. A. D. Macdonald 
of this University, to whom we are deeply indebted. At a dose level of 5 mg. per kg. 
body weight the following compounds were completely inactive: 4’’-hydroxy-2 : 2- 
dimethyl-3’ : 4’ : 5’ : 6’-tetrahydrodibenzopyran and its acetate, 4’’-hydroxy-2: 2: 5’- 
trimethyl-3’ : 4’ : 5’ : 6’-tetrahydrodibenzopyran and 6’’-hydroxy-2 : 2: 5’: 4’’-tetramethyl- 
3’: 4’: 5 : 6’-tetrahydrodibenzopyran. Tests on (V) are not yet complete. 
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EXPERIMENTAL. 


6-Hydroxy-3 : 4-cyclohexenocoumarin. Concentrated sulphuric acid (80 g.) was slowly 
added to a suspension of quinol (30 g.) in ethyl cyclohexanone-2-carboxylate (34 g.). The dark 
red mixture was then warmed gently to bring all the solid into solution, left at room temperature 
for 24 hours, and poured on ice. The red sticky precipitate was recrystallised several times 
from alcohol (charcoal). The product (6 g.) formed very pale yellow prisms, m. p. 239—240° 
(Found: C, 71-6; H, 5-7. C,3H,,0O, requires C, 72-2; H, 55%). . 

6-Hydroxy-5'-methyl-3 : 4-cyclohexenocoumarin, obtained in small yield (0-25 g.) by the 
condensation of quinol (5-2 g.) with ethyl 1-methylcyclohexan-3-one-4-carboxylate (9-2 g.) in 
presence of concentrated sulphuric acid (21 g.) as above, and recrystallised from aqueous alcohol, 
formed almost colourless needles, m. p. 246° (Found: C, 73-2; H, 6-3. C,,H,,O, requires 
C, 73-1; H, 6-1%). 

7-Hydroxy-5’-methyl-3 : 4-cyclohexenocoumarin, prepared in analogous fashion from 
resorcinol and ethyl 1-methylcyclohexan-3-one-4-carboxylate, crystallised from alcohol in pale 
yellow diamond-shaped plates, m. p. 199—-200° (Found: C, 72-9; H, 6-1; M, 227. Calc. for 
C,,H,,O,: C, 73-1; H, 6-1%; M, 230). Its yellowish alkaline solution showed a strong blue 
fluorescence. 

The indophenol test for all three compounds was negative. 

5-Hydroxy-5'-methyl-71-n-amyl-3 : 4-cyclohexenocoumarin.—Olivetol monohydrate (1-05 g.) 
condensed smoothly with ethyl 1-methylcyclohexan-3-one-4-carboxylate (0-96 g.) in presence 
of concentrated sulphuric acid (2-5 c.c.). The product (1-6 g.) crystallised from aqueous alcohol 
in colourless needles, m. p. 177° (Found: C, 75-7; H, 8-3. CygH,,O, requires C, 76-0; H, 
80%). The substance showed a yellow colour in alkaline solution. As the indophenol test is 
normally carried out under weakly alkaline conditions, the effect of this yellow colour was to 
produce a blue-green solution with 2 : 6-dichloroquinonechloroimide; subsequent addition of 
a little acid caused the solution to turn pure blue and the substance having the blue colour 
could be extracted with amyl alcohol. A similar state of affairs was noticed with the 
corresponding 7-methyl analogue derived from orcinol. 
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Acetoxy-3 : 4-cyclohexenocoumarins.—The following acetoxy-compounds were prepared by 
refluxing the corresponding hydroxycyclohexenocoumarins with acetic anhydride in presence 
of pyridine and were crystallised from alcohol: 17-Acetoxy-3 : 4-cyclohexenocoumarin, long 
colourless needles, m. p. 185—186° (Found: C, 69-7; H, 5-5. (C,sH,,O, requires C, 69-8; 
H, 5-4%); 7-acetoxy-5'-methyl-3 : 4-cyclohexenocoumarin, colourless prisms, m. p. 132° (Found: 
C, 70-4; H, 6-1. C,gH,,O, requires C, 70-6; H, 59%); 6-acetoxy-3 : 4-cyclohexenocoumarin, 
colourless needles, m. p. 139—140° (Found: C, 69-8; H, 5-7. C,,H,,0O, requires C, 69-8; 
H, 5-4%); 5-acetoxy-7-methyl-3.: 4-cyclohexenocoumarin, colourless needles, m. p. 124° (Found: 
C, 70-4; H, 6-2. C,,H,,O, requires C, 70-6; H, 5:9%); 5-acetoxy-5'-methyl-7-n-amyl-3 : 4- 
cyclohexenocoumarin, colourless prisms, m. p. 82—83° (Found: C, 73-6; H, 7-8. (C,,H,,0, 
requires C, 73-7; H, 7-6%). 

4"-Hydroxy-2 : 2-dimethyl-3' : 4’ : 5 : 6’-tetvrahydrodibenzopyran.—A solution of 17-acetoxy- 
3 : 4-cyclohexenocoumarin (28 g.) in dry anisole (600 c.c.) was added slowly at room temperature 
to a solution of methylmagnesium iodide (from 100 g. of methyl iodide and 17 g. of magnesium) 
in anisole. The mixture was heated on the steam-bath for 8 hours, cooled, and decomposed 
with ice and dilute sulphuric acid, and the anisole removed by steam-distillation. The residue 
was extracted with ether, and the reddish extract washed with aqueous sodium bicarbonate, 
sodium bisulphate, and finally with water, dried over anhydrous sodium sulphate, and evaporated. 
The solid thus obtained was recrystallised several times from benzene and formed colourless 
prisms (14 g.), m. p. 135° (Found: C, 78-5; H, 8-0. C,;H,,O, requires C, 78-3; H, 7-8%). 
Absorption maxima in alcohol, 2760 a. (ce, 7250) and 3050 a. (e, 6900). The substance gave no 
coloration with alcoholic potash or with 2 : 6-dichloroquinonechloroimide. On warming with 
acetic anhydride in pyridine solution the acetate was obtained; it separated from alcohol in 
colourless prisms, m. p. 66° (Found: C, 75-0; H, 7-4. C,,;H,O; requires C, 75-0; H, 7-3%). 
In alcoholic solution the acetate had absorption maxima at 2680 A. (e, 6240) and 3050 A. (c, 6780). 

4" -Hydroxy-2 : 2 : 5'-trimethyl-3’ : 4’ : 5’ : 6’-tetrahydrodibenzopyran.—Prepared, as described 
above, from 7-acetoxy-5’-methyl-3 : 4-cyclohexenocoumarin and methylmagnesium iodide, 
the crude product, a red semi-solid resin, was distilled at 0-025 mm. At 154° a yellowish oil 
came over and quickly solidified. Recrystallised from ether—light petroleum (b. p. 40—60°), 
it formed colourless leaflets, m. p. 144—145° (Found: C, 78-5; H, 8-4. C,,H,,.O, requires 
C, 78-7; H, 8-2%). The substance gave no coloration with alcoholic potash and the indophenol 
test was negative. In alcoholic solution it showed absorption maxima at 2760 a. (¢, 7950) 
and 3050 a. (e, 7730). The acetate, prepared by warming with acetic anhydride in pyridine 
solution, was a faintly yellowish oil distilling at 160—165° (bath temp.)/0-05 mm. (Found: 
C, 75-3; H, 8-0. C,,H,,O, requires C, 75-5; H, 7-7%); it solidified after several days and 
then recrystallised from alcohol in colourless prisms, m. p. 58°. 

5’'-Hydroxy-2 : 2-dimethyl-3’ : 4’ : 5 : 6'-tetrahydrodibenzopyran.—Prepared from 6-acetoxy- 
3 : 4-cyclohexenocoumarin and methylmagnesium iodide, the crude product was a viscous oil, 
which yielded a pale yellow solid at 150°/0-02 mm. The latter crystallised from light petroleum 
(b. p. 60—80°) in colourless needles, m. p. 130° (Found: C, 78-3; H, 8-2. C,;H,,O, requires 
C, 78-3; H, 78%). Yield, 60%. The product gave no coloration with either alcoholic potash 
or 2: 6-dichloroquinonechloroimide. Absorption maxima in alcohol, 2640 a. (e, 5550) and 
3280 a. (e, 5150). 

6" -Hydroxy-2 : 2: 4'-trimethyl-3' : 4’ : 5’ : 6’-tetrahydrodibenzopyran.—Prepared as above 
from 5-acetoxy-7-methyl-3 : 4-cyclohexenocoumarin, the crude product, recrystallised from 
benzene or light petroleum (b. p. 60—80°), formed fine colourless plates, m. p. 138° (Found: 
C, 78:3; H, 8:4. C,H, O, requires C, 78-7; H, 8-2%). Yield, 60%. The substance dissolved 
in alkali to a colourless solution and gave a blue colour with 2 : 6-dichloroquinonechloroimide. 
In alcoholic solution it had an absorption maximum at 2790 a. (ec, 10370). The acetate, prepared 
in the usual manner, separated from alcohol in colourless octahedra, m. p. 107—108° (Found : 
C, 75-2; H, 8-0. C,,H,,O, requires C, 75-5; H, 7:7%). 

6" -Hydroxy-2 : 2: 5’ : 4''-tetramethyl-3’ : 4’ : 5’ : 6'-tetrahydrodibenzopyran.—The crude pro- 
duct from the reaction between methylmagnesium iodide and 5-acetoxy-5’ : 7-dimethyl-3 : 4 
cyclohexenocoumarin was recrystallised once from benzene and twice from light petroleum 
(b. p. 60—80°); colourless plates, m. p. 112—113°, were obtained (Found: C, 79-2; H, 8:7. 
C,,H,,0, requires C, 79-1; H, 8-5%). The substance dissolved in alkali to a colourless solution 
and gave a blue colour in the indophenol test. In alcoholic solution it had an absorption 
maximum at 2790 a. (e, 10,980). Its acetate formed colourless feathery needles, m. p. 124° 
(Found: C, 76-0; H, 8-2. C, ,H,,O, requires C, 76-0; H, 8-0%). 

6"-Hydroxy-2 : 2 : 5'-trimethyl-4'’-n-amyl-3’ : 4’ : 5’ : 6’-tetrahydvodibenzopyran (V).—Pre- 
pared in analogous fashion from the acetate of (III; R, = Me, R, = C,;H,,), the product was 
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a thick purplish resin, which distilled at 165—175° (bath temp.)/0-02 mm. (Found: C, 80-9; 
H, 10-2. C,,H;,0, requires C, 80-2; H, 9-6%). The substance, which was still slightly coloured, 
has not yet been crystallised. It gave a blue coloration with 2 : 6-dichloroquinonechloroimide, 
but no colour with alcoholic potash; it was insoluble in aqueous sodium hydroxide. In alcoholic 
solution the substance showed an absorption maximum at 2755 a. (¢, 11,130). 


(Note added in proof.) Since this paper was submitted we have successfully dehydrogenated 
the acetyl derivative of (V) with palladised charcoal. The deacetylated product, 6’’-hydroxy- 
2:2: 5’-trimethyl-4’-n-amyldibenzopyran, was identified as cannabinol by conversion into its 
p-nitrobenzoate, m. p. 163—164°, undepressed on admixture with an authentic specimen (m. p. 
162—163°) prepared from natural cannabinol. Full details of these experiments will be 
published separately. 


Grateful acknowledgment is made to the University of Calcutta for a Sir T. N. Palit foreign 
research scholarship held by one of us (R. G.) and to Messrs. Roche Products, Ltd., for a gift of 
olivetol. 
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207. Polycyclic Aromatic Hydrocarbons. Part XXIV. 
By J. W. Cook and RicHARD H. MARTIN. 


Homologues of 1 : 2-benzanthracene with substituents at position 9 or 10 (or both) 
give photo-oxides when oxygen is passed through their dilute solutions in carbon 
disulphide, exposed to light. This behaviour appears unrelated to the carcinogenic 
activity of the hydrocarbons. The photo-oxide of 9 : 10-dimethyl-1 : 2-benzanthracene 
is shown to have structure (I). 


THE rubrenes, well known for their ability to combine with oxygen in the presence of sun- 
light to give oxides which liberate their oxygen when heated, are all derived from 2 : 3- 
benzanthracene, and it is now recognised that the capacity to form photo-oxides is wide- 
spread among anthracene derivatives but is not shown by other groups of polycyclic 
aromatic compounds (for review with bibliography, see Dufraisse, Bull. Soc. chim., 1939, 
6, 422). The experiments now recorded, of which a preliminary account has been 
published (Cook, Martin, and Roe, Nature, 1939, 148, 1020), were undertaken in order to 
determine whether the formation of photo-oxides of the type studied by Dufraisse and his 
collaborators is involved in the cellular changes which occur in the tissues under the 
influence of the carcinogenic hydrocarbons of the 1:2-benzanthracene group. This 
appears not to be the case, for tumours did not result from injection into mice of sus- 
pensions in sesame oil of the pure photo-oxide of the highly carcinogenic 9 : 10-dimethyl- 
1: 2-benzanthracene (IV), and it has not been possible to isolate photo-oxides from 
1: 2:5: 6-dibenzanthracene or 3 : 4-benzpyrene. 

The photo-oxide of anthracene was obtained by Dufraisse and Gérard (Bull. Soc. chim., 
1937, 4, 2052) by irradiation of a solution of the hydrocarbon with a carbon arc, but for the 
most part sunlight has been used hitherto as the source of light. We have found that an 
ordinary gas-filled lamp furnishes a convenient source for the facile photo-oxidation of 
9: 10-dimethyl-1 : 2-benzanthracene and its derivatives. In the case of 1 : 2-benz- 
anthracene there were indications of the formation of a photo-oxide, but this could not 
be isolated on account of its high solubility and contamination with amorphous by-products. 
Benzanthracene derivatives with only one meso-substituent (9-methyl, 10-methyl, and 
10-isopropyl derivatives) also gave photo-oxides, although less readily than the 9 : 10-di- 
substituted compounds. A photo-oxide could not, be obtained from 1: 2-dimethyl- 
chrysene, a carcinogenic hydrocarbon not related to 1 : 2-benzanthracene (Hewett, this 
vol., p. 293). Since this work was completed, Velluz (Bull. Soc. chim., 1939, 6, 1541) has 
described the photo-oxides of 9: 10-diphenyl-1 : 2-benzanthracene and 9: 10-diphenyl- 
I’: 2’ : 3’ : 4’-tetrahydro-1 : 2-benzanthracene, and Allsopp (Nature, 1940, 145, 303) has 
reported experiments on the photo-oxidation of 3 : 4-benzpyrene, under somewhat different 
conditions, to labile water-soluble products. 

The photo-oxides of the anthracene hydrocarbons are undoubtedly peroxides involving _ 
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both meso-carbons atoms. 9: 10-Dimethyl-1 :2-benzanthracene photo-oxide (I) gave by 
catalytic hydrogenation the same 9: 10-dihydroxy-9 : 10-dimethyl-9 : 10-dihydro-1 : 2- 
benzanthracene (II) which Bachmann and Bradbury (J. Org. Chem., 1937, 2, 175) obtained 
from 1 : 2-benzanthraquinone and methylmagnesium iodide. In another hydrogenation 
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experiment carried out under the same conditions the product was a well-defined crystalline 
compound (probably III), which was quantitatively converted into 9: 10-dimethyl- 
1 : 2-benzanthracene (IV) by treatment in warm methyl-alcoholic solution with a trace of 
hydrochloric acid. We attribute the different results of these two experiments to the 
influence, in the second case, of hydrogen chloride formed by hydrogenation of chloroform 
of crystallisation which was present in the sample used in this, but not the earlier experiment. 

The relative stability of the photo-oxides is noteworthy. 5:6:9: 10-Tetramethyl- 
1 : 2-benzanthracene photo-oxide was recovered unchanged after its solution in 8% alcoholic 
potash had been boiled for two hours. 


EXPERIMENTAL. 


The irradiation experiments were carried out by passing a slow stream of oxygen through 
a solution of the hydrocarbon (0-2 g.) in carbon disulphide (400 c.c.) exposed to the light of a 
200-watt gas-filled lamp. The solution was contained in a 600 c.c. beaker surrounded by a 
larger glass vessel through which cold water was continuously circulated. The lamp was placed 
in position below this outer vessel and the whole apparatus was enclosed in a white enamelled 
iron pan which ensured good reflection. In some of the earlier experiments a little eosin was 
added as a sensitiser, and in such an experiment 1 : 2-benzanthracene on one occasion gave a 
small quantity of a colourless crystalline product, m. p. about 110°. In general, however, the 
use of eosin presented very little advantage and was discontinued. 

The irradiation with passage of oxygen was carried out until a sample of solution gave on 
evaporation a residue which did not show a fluorescence when examined by the ultra-violet 
light of a screened mercury-vapour lamp. The time required (2}—44} hours) varied with the 
compound. With 1: 2:5: 6-dibenzanthracene, only unchanged hydrocarbon was isolated 
after 24 hours’ exposure in presence of eosin. 

After oxidation the carbon disulphide was evaporated in the dark at 20—25° under reduced 
pressure, the receiver being cooled in ice and salt. Purification of the residual photo-oxide 
was effected by dissolving it in carbon disulphide at 25° and allowing the solution to crystallise 
in the refrigerator. Except in the case of the photo-oxide of 10-isopropyl-1 : 2-benzanthracene, 
which formed small colourless prisms, all the photo-oxides crystallised in colourless silky needles. 
Melting points were determined by immersing the capillary tube containing the substance in a 
bath previously heated to about 10° below the m. p. and then heating the bath slowly. In this 
way reproducible values were obtained. The followi ing table gives the m. p.’s and analytical 
figures for the compounds prepared : 
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Photo-oxide of M. p. 
9-Methyl-1 : 2-benzanthracene ....................... 122—123° 
10-Methyl-1 : 2-benzanthracene ..................++ 
10-isoPropyl-1 : 2-benzanthracene ................. 

9: 10-Dimethyl-1 : 2-benzanthracene * ............ 

5:9: 10-Trimethyl-1 :.2-benzanthracene 

6:9: 10-Trimethyl-1 : 2-benzanthracene 

56:6:9: 10-Tetramethyl- 1 : 2-benzanthracene .. 2002 
9: 10-Dimethyl-1 : 2: 5 : 6-dibenzanthracene ... | 222—223 C,,H,,0, 


* The Seine of 9: 10-dimethyl-1 : 2-benzanthracene crystallised from chloroform in long 
colourless needles, m. p. 188—189°, which contained a molecule of chloroform of crystallisation (Found : 
C, 62-5; H, 42. C,,H,,O,,CHCI, requires C. 61-8; H, 4-2%). 
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Catalytic Hydrogenation of 9: 10-Dimethyl-1 : 2-benzanthracene Photo-oxide.—(a) A solution 
of the photo-oxide (0-4 g.) in pure acetone (50 c.c.) was shaken in the dark for 20 hours with 
hydrogen and palladium-black. The product, after crystallisation from benzene, had m. p. 
183—184°, not depressed by admixture with authentic 9: 10-dihydroxy-9 : 10-dimethyl- 
9: 10-dihydro-1 : 2-benzanthracene (Bachmann and Bradbury, Joc. cit.). Identification was 
completed by conversion with methyl-alcoholic hydrochloric acid into the dimethyl ether of this 
diol, described by Bachmann and Chemerda (J. Amer. Chem. Soc., 1938, 60, 1023). 

(b) Hydrogenation carried out for 24 hours as described under (a) gave a product, m. p. 
185°, which depressed the m. p. of the original photo-oxide and also that of the diol of Bach- 
mann and Bradbury. Addition of a few drops of methyl-alcoholic hydrochloric acid to a warm 
methyl-alcoholic solution of this product (III or an isomeride) gave pure 9: 10-dimethyl- 
1: 2-benzanthracene (Bachmann and Chemerda, Joc. cit.). 


We thank the British Empire Cancer Campaign for a grant to the Hospital, which has 
supported this investigation. The work forms part of a thesis to be submitted by one of us 
(R. H. M.) in fulfilment of the requirements for a doctorate in the University of Geneva. 


CHESTER BEATTY RESEARCH INSTITUTE, 
THE Royat CANCER HospPiTAL (FREE), Lonpon, S.W. 3. [Received, July 12th, 1940.] 





208. Dehydrogenation. Part II. The Elimination and Migration of 
Methyl Growps from Quaternary Carbon Atoms during Catalytic 
Dehydrogenation. 


By R. P. Linsteap and S. L. S. Tuomas. 


Various hydronaphthalenes containing methyl groups attached to quaternary 
carbon atoms have been dehydrogenated over metallic catalysts in the vapour phase. 
The results are summarised below : 


Type. Compound. Main product. Secondary product. 
a (peer Naphthalene 1-Methylnaphthalene 
ngu 


cis-9-Methyloctalin Naphthalene 1-Methylnaphthalene 
methyl 


cis-4 : 9-Dimethyloctalin 1-Methylnaphthalene 1 : 5-Dimethylnaphthalene 
cis-1 : 9-Dimethyloctalin 1-Methylnaphthalene — 
1: 1-Dimethyltetralin 1-Methylnaphthalene 1 : 2-Dimethylnaphthalene 
gem-Dimethyl {1 : 1: 6-Trimethyltetralin 1 : 6-Dimethylnaphthalene _— 

(ionene) 

Over platinised charcoal the main (and sometimes the exclusive) reaction was 
dehydrogenation, accompanied by a straightforward elimination of methyl from the 
quaternary atom. When the first three compounds tabulated above were passed 
over platinised or palladised asbestos, this normal reaction was accompanied by one 
involving the migration of methyl to an adjacent carbon atom. This migration was 
of minor importance in the case of the two compounds in which the quaternary atom 
carried a gem-dimethyl group. 

The catalytic dehydrogenation of various alkyltetralins in the liquid phase has also 
been examined. Those without a quaternary carbon atom were rapidly and quantit- 
atively dehydrogenated. Those with such an atom were practically unaffected. 


Part I (Linstead, Millidge, Thomas, and Walpole, J., 1937, 1146) described, among other 
matters, the action of metallic catalysts on various octahydronaphthalenes at the boiling 
point. These substances normally yielded their aromatic counterparts by a process of 
disproportionation, followed by dehydrogenation; but when a quaternary carbon atom was 
present no reaction occurred. A number of methyltetralins have now been examined 
under the same conditions. Two of these, 1: 1-dimethyltetralin and ionene (1: 1 : 6- 
trimethyltetralin), contain quaternary carbon atoms carrying gem-dimethyl groups. We 
find that 6-methyl- and 1 : 6-dimethyl-tetralin give, as expected, almost quantitative yields 
of hydrogen and the corresponding methylnaphthalenes. 1: 1-Dimethyltetralin and 
ionene, however, give only traces of hydrogen and of 1-methyl- and 1 : 6-dimethyl-naph- 
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thalene respectively. Thus, under the conditions of these liquid-phase experiments, at 
200—250°, there is little tendency for the breaking of carbon-to-carbon bonds. This 
confirms the belief that the liquid-phase method provides a useful supplementary tool for 
the determination of the structure of hydroaromatic compounds, providing they contain at 
least one double bond. In a separate paper (Part IV) are recorded some results of the 
application of the method to terpenes. 

Under more drastic conditions, in the vapour phase at 300—330°, the catalytic dehydro- 
genation of substances containing a quaternary carbon atom can_be effected without 
difficulty, but the reaction can take two courses. In Part I, it was shown that the angular 
methyl group of 9-methyldecalin (I) or 9-methyloctalin either was eliminated with the 
formation of methane and naphthalene, or migrated to the «-position : 


CH, 


Sy VAN 
| | —_ Ped 
W\4 as W\F 


This reaction has now been examined further with a wider range of both materials and 
catalysts. After preliminary comparisons, we have taken as a standard method for the 
preparation of catalysts, the reduction of the chlorides of platinum or palladium with 
alkaline formaldehyde in the presence of a suitable carrier. The effect of various modi- 
fications of the preparative methods on the activity of the catalysts need not be given in 
detail. Our general conclusions are: (1) Very active catalysts are conveniently prepared 
by the method of Willstatter and Waldschmidt-Leitz (Ber., 1921, 54, 123), but a slightly 
higher activity and better reproducibility are obtained by precipitating the metal at higher 
dilutions than have been used by previous workers. This enables the mixture to be 
mechanically stirred and gives greater uniformity. (2) Platinum and palladium catalysts 
made under the same conditions have very similar activities. Palladium has the advantage 
of cheapness, but seems to have a greater tendency to produce side reactions. (3) The 
activity of both metals is considerably affected by the carrier, other things being equal. 
The order of activity is: metal on charcoal > metal on asbestos > metal as “ black”. 
(4) The course of the dehydrogenation of substances containing a quaternary cyclic carbon 
atom is considerably affected by the nature of the carrier, but not by the choice of metal. 
As far as compounds containing the angular methyl group are concerned, the results in 
general confirmed those of Part I. The catalysts mounted on asbestos produced the 
greatest amount of methyl migration, but the normal elimination was greater than that 
observed in the earlier work (probably owing to improvements in the technique of the 
examination of the product) and was about equal to the amount of migration. With the 
charcoal catalysts, elimination was by far the most important reaction. The process is 
very economical and precise. Thus in experiments with less than a gram of 9-methyl- 
decalin, both naphthalene and 1-methylnaphthalene can be separated in good yield from 
the product, and the methane and hydrogen contents of the evolved gas can be measured. 
Bogert, Davidson, and Appelbaum (J. Amer. Chem. Soc., 1932, 54, 959) observed that 
1 : 1-dimethyltetralin (II) resisted the action of sulphur at 221°. We found that it was 
rapidly dehydrogenated over platinised charcoal at 305° to 1-methylnaphthalene, a methyl 
group being eliminated from the quaternary carbon atom.* Catalysts mounted on asbestos 
were much less effective but gave the same product. Indications of the formation of a 
dimethylnaphthalene were obtained in an experiment with palladised charcoal at 315°. To 
identify the product of the side reaction, a comparatively large amount of the hydrocarbon 
was continuously circulated over this catalyst in the vapour phase. In addition to the 
l1-methylnaphthalene which formed the bulk of the product, a small quantity of 1: 2- 


* This is in contrast to the behaviour of the closely related 1 : 1-dimethylcyclohexane, which is 
reported to be unaffected by a very active catalyst (Zelinsky, Packendorff, and Chochlova, Ber., 1935, 
68, 98). The reactivity of 1: 1-dimethyltetralin is probably connected with the fact that it does not 
contain an intact cyclohexane ring. 
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dimethylnaphthalene was identified. Again, therefore, the side reaction is one of migration 
to an adjacent carbon atom. 


Me Me 
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The hydrocarbon ionene has been proved by Bogert and his collaborators (loc. cit. ; 
J. Amer. Chem. Soc., 1931, 58, 4674) to have the structure (III). Over both platinised 
asbestos and palladised charcoal, and at 305—330°, it yielded 1 : 6-dimethylnaphthalene, 
identical with material synthesised by a new and unequivocal method. We were unable to 
detect the presence of any trimethylnaphthalene, formed by migration. The result falls 
into line with those obtained by dehydrogenation with sulphur (Ruzicka and Rudolph, 
Helv. Chim. Acta, 1927, 10, 915) and with selenium (Clemo and Dickenson, J., 1935, 735). 
It seems that there is much less tendency for the migration of methyl from a gem-group than 
from the angular position in hydronaphthalenes under these conditions. 

Experiments bearing on Mechanism.—In Part I it was pointed out that there were three 
ways in which the methyl group might migrate from the angular to the a-position during 
the dehydrogenation of 9-methyldecalin : (a) One ring might break at the 1—9 bond, and 
then re-form at C,; (b) the angular group might form an intermediate three-membered 
ring involving C,; (c) there might be migration of an actual hydrocarbon fragment. The 
first possibility was held to be excluded by the fact that 4: 9-dimethyloctalin (IV) and 
4: 9-dimethyldecalin both yielded 1-methylnaphthalene and 1 : 5-dimethylnaphthalene on 
catalytic dehydrogenation. It was thought advisable to confirm these results, because the 
dimethyloctalin used in the early work was obtained by direct cyclisation of dimethyl- 
butenylcyclohexanol (V) (Linstead, Millidge, and Walpole, J., 1937, 1143) without purific- 
ation through a crystalline compound. A vague possibility therefore existed that it might 
contain some 1 : 5-dimethyloctalin formed by a rearrangement during the cyclisation, 
although it is not easy to see how this could occur. To exclude any such possibility, the 
monocyclic alcohol (V) was cyclised to cis-4 : 9-dimethyldecalol (VI) by the method of 
Linstead, Millidge, and Walpole (loc. cit.). The decalol was obtained as a crystalline solid, 
and was dehydrated under mild conditions to cis-4 : 9-dimethyloctalin (IV). (The hydro- 
carbon has the skeleton structure shown, although some double-bond isomerides may be 
present.) Dehydrogenation of this hydrocarbon over platinised charcoal gave mainly 
1-methylnaphthalene, whereas over platinised asbestos the main product was 1 : 5-dimethyl- 
naphthalene. The earlier results are thus confirmed, the argument given above is valid, 
and mechanism (a) is definitely excluded. 
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This series of changes, in which both the initial and the final products are crystalline solids 
of different skeletal structure, supplies the most clear-cut evidence of this kind of migration. 

The hypothesis of intermediate ring-formation (b) would account for the experimental 
fact that in the observed migrations the methyl group only passes to an adjacent carbon 
atom. It seemed possible to obtain some further evidence from a study of 1 : 9-dimethyl- 
octalin. If an intermediate ring were formed, it might be a cyclobutane ring involving 
C, and C, or a cyclopropane ring involving C, and Cy. These would lead to 1-ethylnaph- 
thalene and 1 : 8-dimethylnaphthalene respectively as final products of dehydrogenation. 
Direct migration of methyl groups might be’ expected to lead to 1: 8-, 1:5-, or 1: 4- 
dimethylnaphthalenes. | 
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cis-1 : 9-Dimethyloctalin was prepared by the dehydration of cis-1 : 9-dimethyldecalol 
with oxalic acid, the alcohol being obtained from cis-9-methyl-l-decalone (Elliott and 
Linstead, J., 1938, 660) by a Grignard reaction. 1: 9-Dimethyloctalin was practically 
unaffected by platinised asbestos at 335°, but over platinised charcoal it yielded 1-methyl- 
naphthalene by straightforward elimination of the angular methyl group. No higher 
homologue could be isolated and hence no evidence bearing on the question of mechanism 
was obtained. 

To obtain a reasonable degree of dehydrogenation of the more resistant hydrocarbons 
containing quaternary carbon atoms, we frequently used catalysts mounted on charcoal at, 
or slightly above, 325°. Although this led to a copious evolution of gas and a satisfactory 
conversion into aromatic structures, there appeared to be some disintegration of the mole- 
cule into small hydrocarbon fragments. The total recovery of liquid material would some- 
times fall to about 70%. With the catalysts mounted on asbestos the total recovery was 
always excellent, although the amount of conversion into aromatic material was considerably 
lower. 

During two vapour-phase dehydrogenations of 1 : 1-dimethyltetralin over platinised 
charcoal at about 320°, small quantities of naphthalene were isolated. This was evolved 
during the early stages of the reaction, and appears to correspond to the presence in the 
catalyst of some centres of transitory and abnormally high activity. A little naphthalene 
was also formed during the dehydrogenation of 1 : 9-dimethyloctalin. This may have been 
due to the same cause or to the presence of a trace of 9-methyloctalin as impurity in the 
starting material. This would have come from 9-methyldecalol formed by the reducing 
action of the Grignard reagent. On the other hand, the 1 : 9-dimethyloctalin gave correct 
analytical figures. 

EXPERIMENTAL. 

Catalysts (with K. A. O. MicHaE.is).—Norit charcoal was heated on a steam-bath for 24 
hours with 10% nitric acid, washed free from acid, and dried at 100°. It was then heated at 
340° in a flask which was slowly evacuated to 4 mm., left for an hour under these conditions, 
and allowed to cool. Gooch asbestos (tremolite, not chrysolite variety) was boiled with con- 
centrated nitric acid, washed free from acid, and dried at 100°. All the catalysts used in the 
experiments described in this and the following papers were prepared by the following standard 
procedure, with variations only in the nature of the metal and carrier and in the concentration 
of the solution of metallic chloride. Catalysts prepared in more concentrated solutions (approx- 
imately the same as those of Willstatter and Waldschmidt-Leitz) will in future be designated by 
the suffix -c; those made in dilute solutions by the suffix -d. 

Catalyst-d. A solution of the chloride (free from nitrate) from 5-0 g. of platinum or palla- 
dium in 50 c.c. of water and 5 c.c. of concentrated hydrochloric acid was cooled in a freezing 
mixture and treated with 50 c.c. of 40% formaldehyde and 11 g. of carrier (asbestos or charcoal). 
The mixture was stirred mechanically during the slow addition of a solution of 50 g. of potassium 
hydroxide in 50 c.c. of water. The temperature was kept below 5° during the addition, and 


finally raised to 60° for 15 minutes. The catalyst was washed thoroughly by decantation with 


water and finally with dilute acetic acid, collected on a filter, and washed with hot water until 
the washings gave no reaction for chloride, alkali or reducing material. It was dried at 100° 
and stored in a desiccator. 

Catalyst-c. The same procedure was used, but the volumes of solution for 5 g. of metal 
were : dilute acid, 25c.c.; formaldehyde, 35c.c.; potassium hydroxide, 32 g. in 32 c.c. of water. 

Metal was recovered from spent catalyst and purified by the methods described in Part I, 
or, for platinum, by Baldeschwieler and Mikeska’s method (J. Amer. Chem. Soc., 1935, 57, 977), 
and, for palladium, by Keiser and Breed’s method (Amer. Chem. J., 1894, 16, 20). The fact 
that recovered. metal has an unimpaired: activity, and the reproducibility of the catalyst, are 
shown by the following figures, which give the percentage elimination of hydrogen from boiling 
tetralin in the presence of two samples of palladised charcoal-d : 


Time, mins. 20 30 40 50 60 


Catalyst from pure palladium 52 62 68 78) 
Catalyst from recovered palladium 35 46 62 69 # 79f % Hydrogen 


Materials.—cis-9-Methyloctalin was prepared by dehydrating pure cis-9-methyl-2-decalol, 
m. p. 72°, with potassium bisulphate (Linstead, Millidge, and Walpole, Joc. cit.). The cis-% 
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methyldecalin was kindly supplied by Dr. A. L. Walpole. It had been made by reduction of the 
corresponding 2-ketone. 6(7)-Methyltetralin was prepared by Clemmensen reduction of a 
sample of 7-methyl-1-tetralone, kindly given by Dr. G. A. R. Kon. 1: 1-Dimethyltetralin (I1), 
b. p. 100°/13 mm., was prepared by the method of Bogert, Davidson, and Apfelbaum (loc. cit.). 
1 : 6-Dimethyltetralin was synthesised as follows : 

8-p-Toluoylpropionic acid (Barnett and Sanders, J., 1933, 436) was converted into the ethyl 
ester, m. p. 43-5°, and from this y-p-tolylvaleric acid was made by the method of Rupe and 
Steinbach (Ber., 1911, 44, 584). The chloride of this acid was cyclised by means of stannic 
chloride to 4 : 7-dimethyltetralone (4-3 g., b. p. 148°/14 mm., from 5-6 g. of tolylvaleric acid), 
which on reduction by the Clemmensen method yielded 1 : 6-dimethyltetralin (2-5 g., b. p. 
107°/12 mm.). 

fixe’ : 9-Dimethyloctalin (IV) was prepared from the 2: 6-dimethyl-1-A’-butenylcyclo- 
hexanol (V) of Linstead, Millidge, and Walpole as follows: 55 G. of the alcohol were cyclised by 
means of 6 vols. of a reagent made from 10 vols. of acetic acid, 1-5 vols. of acetic anhydride, and 
1 vol. of sulphuric acid. The product was worked up as described for the lower homologue 
(J., 1937, 1143) and, after hydrolysis, yielded a crude dimethyldecalol of b. p. 132—142°/13 mm. 
When cooled in a freezing mixture, this fraction solidified. The solid was pressed on a porous 
tile and crystallised to constant m. p. from light petroleum. Yield of pure cis-4 : 9-dimethyl- 
decalol, 9-3 g.; m. p. 93° (Found: 78-7, 78-6; H, 12-0, 11-9. C,,H,,O requires C, 79-0; H, 
122%). Dehydration of 9 g. of this with potassium bisulphate (195°, 3 hours) yielded 4: 9- 
dimethyloctalin, which was refluxed with potassium and twice distilled; b. p. 86°, yield 6-7 g. 

1: 9-Dimethyloctalin was made from cis-9-methyl-l-decalone as follows: the ketone 
(8:7 g.), regenerated from the pure semicarbazone (13-4 g., m. p. 224°; Elliott and Linstead, 
loc. cit.), was treated with methylmagnesium iodide (30% excess). The product distilled over a 
range and failed to solidify. Analysis showed that it was 1 : 9-dimethyl-1-decalol contaminated 
with a little hydrocarbon (Found: C, 79-7; H, 11-9. C,,H,,O requires C, 79-0; H, 122%). 
Dehydration through the xanthate was unsatisfactory and the decalol (6 g.) was accordingly 
heated gently with 10 g. of crystalline oxalic acid. Dimethyloctalin and water slowly distilled, 
and after 2 hours the bath temperature was raised to 180° and there maintained for a further 
2 hours. The distillation was completed by reducing the pressure and the cis-1 : 9-dimethyl- 
octalin was extracted with purified light petroleum and distilled from sodium ; b. p. 87°/8—9 mm., 


yield 5 g. (Found: C, 87-6; H, 12-2. C,,H,, requires C, 87-7; H, 12-3%). 

Ionene (1 : 1 : 6-trimethyltetralin) was prepared by the cyclodehydration of B-ionone, follow- 
ing Bogert and Fourman (J. Amer. Chem. Soc., 1933, 55, 4674); b. p. 113—114°/12.mm. 

The physical constants of these hydrocarbons are tabulated below : 


[Rz)p. 


Hydrocarbon. . ° . .  Exaltation over calc. 

6-Methyltetralin —...........000+ 

1: 6-Dimethyltetralin 

1: 1-Dimethyltetralin 

1: 1: 6-Trimethyltetralin... 

cis-9-Methyloctalin ............ 

cts-1 ; 9-Dimethyloctalin 

cis-4 : 9-Dimethyloctalin 





Dehydrogenation of Methyltetvalins in the Liquid Phase.—The reactions were carried out in a 
current of carbon dioxide in the apparatus illustrated in Part I (J., 1937, 1153), the ¢arious 
substances’ being boiled with 10% palladised charcoal-c. 

Results with tetralin are added, some values being interpolated for ease in comparison. 


TABLE II. 


% Evolution of hydrogen in minutes. 
40. 120. 140. 320. 
28 65 72 91 
y 55 80 86 97 
1 : 6-Dimethyltetralin 86 97 —_ a 
1: 1-Dimethyltetralin _ 5 
1:1: 6-Trimethyltetralin — —_ 


5 
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Additional notes. 

(2) 770 Mg. of 6-methyltetralin yielded 600 mg. of 2-methylnaphthalene, m. p. and mixed 
m. p. 32-5°. 

(3) 940 Mg. of 1 : 6-dimethyltetralin yielded 870 mg. of aromatic product, which gave 1-97 g. of the 
yellow picrate of 1 : 6-dimethylnaphthalene, m. p. 111° without crystallisation (lit. 113°), an overall 
yield of 87%. 

(4) The experiment was continued for 50 hours. The product from 1 g. of 1: 1-dimethyltetralin 
yielded 0-1 g. of 1-methylnaphthalene picrate, m. p. and mixed m. p. 139°. 

(5) The aromatic product from 1 g. of ionene was separated after 50 hours. It was precipitated 
with an excess of picric acid (following the general technique of Ruzicka), and the mixture of picrate 
and picric acid dissolved in ether and decomposed with ammonia. 30 Mg. of regenerated hydrocarbon 
were obtained, which yielded 1 : 6-dimethylnaphthalene picrate, m. p. 109°, mixed m. p. 110°. 


Dehydrogenation of 1 : 1-Dimethyltetralin in the Vapour Phase.—The apparatus and procedure 
have been described in Part I. The results are tabulated below. The extent of dehydrogen- 
ation given in the last column is calculated from the evolution of gas. 


TABLE III. 
Catalyst. Temp. Quantity used (g.). % Dehydrogenation. 

1) Platinised charcoal-c  ..........seseceeceeees 1-35 47 

2) Platinised charcoal-c_............ 

3) Platinised asbestos-d 

4) Palladised asbestos-d 

(5) Palladised charcoal-c 

(6) Palladised charcoal-c 

(7) Palladised charcoal-d 

(8) Platinised charcoal-d 


Additional notes. 

(1) The product (1-18 g.) was separated by means of picric acid into 0-36 g. of aromatic material 
and 0-69 g. of liquid which formed no picrate. The latter had b. p. 113—114°/21 mm., np 1-5349, de 
0-9572, and hence was largely unchanged 1 : 1-dimethyltetralin. 

(2) In this experiment and in (1) a trace of naphthalene (m. p. and mixed m. p. 81°) collected in 
the receiver in the early stages. The aromatic product was combined with that from (1); it yielded 
l-methylnaphthalene picrate, m. p. and mixed m. p. 139° (Found: C, 55:2; H, 3-8. Calc. for 
C,,Hyo,CgH,O,N,: C, 55-0; H, 3-5%). 

(4) The product yielded only 80 mg. of aromatic hydrocarbon from the picrate. This was separated 
by micro-fractional distillation into 10 mg. portions, which were converted separately into picrates, 
The first of these melted at 140°, all the others at 141°, alone or mixed with pure 1-methylnaphthalene 
picrate (m. p. 141°). 

(5) The liquid product (0-87 g.) yielded through the picrate 0-58 g.. of aromatic hydrocarbon, and 
thence 1-27 g. of a picrate which softened at 130°, and was evidently a mixture of about equal parts of 
the derivatives of mono- and di-methylnaphthalenes (Found: C, 55-6, 55-7; H, 3-7, 3-6. Calc. for 
C,,Hyo,CgH,O,N,: C, 55-0; H, 35%. Calc. for C,,H,,,C,H,O,N,: C, 56-1; H, 3-9%). 

(6) Repetition of the last dehydrogenation over the same catalyst at a slightly higher temperature, 
however, gave very little migration. The product was separated into 140 mg. of non-aromatic and 
770 mg. of aromatic material. The latter on fractionation over sodium yielded 500 mg. of almost 
pure l-methylnaphthalene, b. p. 121—124°/22 mm. (Found: C, 93-0; H, 7:3. Calc.: C, 92-9; H, 
7-1%), and a little higher-boiling material. The main fraction gave a picrate, m. p. 138°, mixed m. p. 
139° (Found : C, 55-1; H, 3-8%). The picrate of the high fraction melted at 131° and was a mixture. 

(7) The aromatic product yielded 1-35 g. of 1l-methylnaphthalene picrate, m. p. and mixed 
m. p. 141°, ; 

(8) The picrate of the product melted at 139°, and the styphnate at 133°, mixed m. p. 133-5°. 


To identify the dimethylnaphthalene formed under the conditions of experiment, (5), an 
apparatus was used which allowed the vapour of the hydrocarbon to be circulated repeatedly 
over the catalyst. The apparatus had a vertical catalyst tube and resembled that used by 
Ruzicka and Stoll (Helv. Chim. Acta, 1924, 7, 84), except that provision was made for gas measure- 
ment and the apparatus was used at atmospheric pressure. It was essential to use a carefully 
dried catalyst and to evacuate the apparatus with the catalyst tube at 320°, before commencing 
the experiment, to remove traces of moisture. Even so, the apparatus was found difficult 
to operate continuously for long periods. 





[1940] The Elimination and Migration of Methyl Groups, ec. 1133 


6-5 G. of 1: 1-dimethyltetralin were circulated over palladised charcoal-c at 320° during 
16 hours. 784 C.c. of gas were evolved. The experiment was then continued with fresh 
catalyst and a further 153 c.c. of gas were collected during 15 hours. 2-35 G. of aromatic hydro- 
carbon were separated from the residual liquid by Ruzicka’s technique. This was distilled over 
sodium. It boiled mainly at 123°/20 mm. and this fraction yielded pure 1-methylnaphthalene 
picrate (yellow needles, m. p. and mised m. p. 141°). About 0-1 g. of a high-boiling fraction was 
collected which gave the orange-red picrate of 1: 2-dimethylnaphthalene. After recrystallis- 
ation, this melted at 132° alone and at 131-5° in admixture with the authentic picrate prepared 
by synthesis (m. p. 131°, Part I) (Found: C, 56-2, 56-05; H, 3-8, 3-9. Calc. for C,,H,,,C,H,O,N;: 
C, 56-1; H, 3-9%). 

TABLE IV. 


Dehydrogenation of Ionene in the Vapour Phase. 


Catalyst. ’ Quantity used (g.). % Dehydrogenation. 
(1) Platinised asbestos-c gunence pooeesace ces 1-24 37 
(2) Platinised asbestos-¢ — ..........seeeeeeeeeeees 1-28 16 
(3) Palladised charcoal-c  .........sseseeeeeeee ees 1-31 86 
(4) Palladised charcoal-c  .......s.seeeseseeceeees 1-20 89 


(1) The liquid product yielded 220 mg. of aromatic hydrocarbon and thence 490 mg. of the picrate 
of 1: 6-dimethylnaphthalene melting at 108° (crude) and at 110° after one crystallisation; mixed 
m. p. 110-5° (Found: C, 56-1; H, 4-0. Calc. for C,sH,,,C,H,O,N,: C, 56-1; H, 3-9%). 

(3) 640 Mg. of aromatic hydrocarbon were isolated and thence 1-32 g. of 1 : 6-dimethylnaphthalene 
picrate (m. p. and mixed m. p. 111°. Found: C 56-3, 56-2; H, 4-0, 4-1%). 


Dehydrogenation of cis-9-Methyl-octalin and -decalin in the Vapour Phase.—These results 
supplement those of Part I. The aromatic material from all the experiments was a semi-solid 
mixture, which was cooled and drained on a porous tile. The residual solid was naphthalene, 
m. p. 81°. Extraction of the tile yielded 1-methylnaphthalene, identified as the picrate. The 
last experiment was with 9-methyloctalin, the others with 9-methyldecalin. 


TABLE V. 
Aromatic product. 


1-Methylnaphthalene 


% 
Dehydro- Total, Naphthal- picrate, 
genation. A ene, g. g. 





¢ 


0-10 0-22 

a tr 

i . . 0-39 0-15 

(5) Platinised asbestos-c : s 0-07 0-16 


Additional notes. 
(2) 0-53 G. of non-aromatic material recovered. 
(4) The gas evolved contained 84% of hydrogen and 11% of methane, together with 5% of air from 
the dead space of the apparatus. 
(5) The non-aromatic portion (0-66 g.) was boiled with potassium and distilled. Its physical pro- 
perties (np * 1-4928, de ™ 0-9089) were very close to those of the original 9-methyloctalin (see Table I) 
and it was unsaturated to bromine in chloroform. 


TABLE VI. 
| Dehydrogenation of cis-Dimethyloctalins in the Vapour Phase. 


% 
Quantity Dehydro- 
Hydrocarbon. Catalyst. Temp. used,g. genation. Aromatic products. 
(1) 4:9-Dimethyl Pt asbestos-c 0-91 10 Mixture of mono- and di-methyl- 


neghipeions 
(2) ” 0 1-42 1 : 5-Dimethyl- and some methyl- 


ainly I-meth 

(3) “4 Pt charcoal-c 1-30 Mainly 1-methylnaphthalene 

(4) 1: 9-Dimethyl Pt asbestos-c 1-72 

(5) me Pt charcoal-c 1-13 1-Methylnaphthalene and a little 
: naphthalene 
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Additional notes. 

(1) The aromatic product (0-08 g.) failed to solidify on cooling and yielded a mixed picrate, m. p. 
136° (Found: C, 55-7, 55-7; H, 3-9, 3-7. Calc. for C,,Hyo,CgH,O,N,: C, 55-0; H, 3-5%. Calc. for 
C,,H,,,C.H,O,N,: C, 56-1; H, 3-9%). 

(2) The hydrocarbon was passed twice over the same catalyst. The final product (1-25 g.) yielded 
1-00 g. of non-aromatic material which decolorised bromine (n> 1-5081) and 0-21 g. of aromatic material. 
This deposited 40 mg. of 1 : 5-dimethylnaphthalene, m. p. and mixed m. p. 77°. The liquid portion 
was fractionally distilled. It yielded mainly 1: 5-dimethylnaphthalene, together with some lower- 
boiling material, presumably 1l-methylnaphthalene. The yellow picrate of the main fraction had 
m. p. 135°, or 135-6° when mixed with 1 : 5-dimethylnaphthalene picrate, m. p. 137° (Found : C, 56-3; 
H, 41%). 

(3) The aromatic fraction (0-35 g.) did not solidify on cooling. It yielded a picrate, m. p. 137°, or 
at 138° in admixture with l-methylnaphthalene picrate. Analysis showed it was the latter, con- 
taminated with a little of the dimethyl derivative (Found: C, 55-3, 55-5; H, 3-5, 3-5%). 

In these experiments the orange picrate, m. p. 134°, isolated in Part I (p. 1156), was not encountered. 

(4) 1-64 G. of hydrocarbon were recovered, which were separated into 1-40 g. of non-aromatic and 
0-06 g. of aromatic material. 

(5) 0-60 .G. of liquid hydrocarbon and 0-11 g. of crude solid naphthalene were isolated. The liquid 
product was purified in the usual way through the picrate and the aromatic portion (0-53 g.) was freed 
from a little more solid by cooling to —20°. The liquid product gave a picrate, m. p. 138°, and a 
styphnate, m. p. 132°. In admixture with the corresponding derivatives of 1-methylnaphthalene the 
m. p.’s were 139° and 134° respectively. The styphnate had C, 53-1; H, 35% (Calc. for 
C,,Hy,CgH,O,N,: C, 52-7; H, 3-4%). 
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209. Dehydrogenation. Part III. The Formation of Naphthols from 


Alcohols and Ketones of the Hydronaphthalene Group. 
By R. P. LinsteaD and K. O. A. MICHAELIs. 


The dehydrogenation of the following substances in the liquid phase over 
a palladium catalyst has been studied: a-Tetralone, ar- and ac-f-tetralols, trans-a- 
decalone, cis- and tvans-B-decalones, cis- and tvans-B-decalols. All these substances 
yield mixtures of the appropriate naphthol («- or B-) and naphthalene; tvans-8-decalone 
also yields some @§’-dinaphthyl. Comparatively drastic conditions are necessary to 
dehydrogenate the substances furthest removed from the aromatic type, and there is 
then a greater tendency for the elimination of the oxygen atom. An improvement 
can be effected in many cases by the addition of a diluent, but the mixture must be kept 
in a state of ebullition. 

Tetralin is readily dehydrogenated in the liquid phase only when it is actually 
boiling. There is a rapid catalytic dehydrogenation when the liquid i is made to boil at 
185° by reduction in pressure or addition of a diluent, but none in the tranquil liquid at 
200°. 


Tuis paper describes a study of the dehydrogenation of hydroaromatic alcohols and ketones 
containing the functional group directly attached to a six-membered ring. The particular 
object of the work was the conversion of these compounds into the corresponding phenols 
without elimination of oxygen. A method capable of accomplishing this would be of 
obvious value in the investigation of oxygen-containing compounds of the terpene and 
steroid groups. 

There has been little systematic study of this subject, although there is a considerable 
scattered literature (see Ann. Reports, 1936, 83, 294). The published data show that there 
is, in general, a difficulty in bringing about dehydrogenation without simultaneous removal 
of the oxygen atom. Since the above review was written, Mosettig and Duval have 
succeeded in obtaining good yields of 1- and 4-phenanthrols by catalytic dehydrogenation 
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of the corresponding ketotetrahydrophenanthrenes (J. Amer. Chem. Soc., 1937, 59, 367). 

These ketones, in their enolic forms, are dihydrophenanthrols and undoubtedly the removal 
of the last two hydrogen atoms which separate them from the aromatic state is particularly 
easily accomplished (cf. also Ruzicka and Mérgeli’s preparation of 7-methyl-l-naphthol 
from the corresponding tetralone; Helv. Chim. Acta, 1936, 19, 377). It has generally been 
found that the dehydrogenation, by any method, of more highly hydrogenated substances 
is considerably more difficult and the danger of loss of oxygen, and other side-reactions, is 
increased. 

We have made a study of the catalytic dehydrogenation of alcohols and ketones of the 
hydronaphthalene series, both of the tetrahydro- and the decahydro-type and containing 
the oxygen atom in the «- and the 8-position. The catalyst most generally useful has been 
palladised charcoal prepared in dilute solution. The results of some isolated experiments 
with Adams’s catalyst are given, but we have not sufficient data to generalise on its useful- 
ness for the present purpose. The most favourable results are summarised in the table. 
The total yield of isolated afomatic compounds ranged from 50 to 97%. The product 
was invariably composed of a mixture of naphthalene and the appropriate naphthol. 
The yield of naphthol varied from 12 to 60%. There was no evidence whatever of the 
migration of a hydroxyl group. 

TABLE I. 
% Yield of total % Yield of 
Compound. aromatic material. naphthol. 

RID. 80k kc did detves ccs cscvbscss 

Gr-B-Tetralol ......seeccecceeeeceeees 

Ac-B-Tetralol .........ceeceeceeeeeeee 

trans-a-Decalone _ ..........2++00++ 

a Pirstdeeceoetahiods 41 B-; Bp’-dinaphthyl also formed 

cis- one .... cov oee 28 B- 

trans-B-Decalol  ..........0+s00eeee0e 17 B- 

cis-B- OL cc ccrccecse coc evecesees 12 B- 
These figures show that, as the compound becomes more removed from the aromatic type, 
it is less easily dehydrogenated, and, as a corollary, the yield of the phenolic product falls. 

Effect of Temperature and of Botling.—A high temperature of dehydrogenation obviously 
favours loss of oxygen by dehydration of the alcohols or of the ketones (in their enolic 
forms). Previous work (Part I, J., 1937, 1146) made it seem possible that at temperatures 
of the order of 200° dehydrogenation might occur and dehydration be largely suppressed. 
We first examined the behaviour of tetralin. At the boiling point (207°), under standard 
conditions, rather more than one-third of the material was dehydrogenated in } hour, as 
measured by the yield both of hydrogen and of naphthalene. At a temperature just below 
the boiling point (200°), no dehydrogenation whatever occurred in the same time. This 
result suggested that the act of boiling was of fundamental importance. We therefore 
examined the action of palladised charcoal on tetralin at 185° both at atmospheric pressure 
and under conditions where free ebullition was made possible, either by diminution of the 
pressure, or by the addition of a suitable amount of a low-boiling diluent (mesitylene). 
Under tranquil conditions there was no appreciable dehydrogenation, but the boiling 
liquid was converted into naphthalene to the extent of about one-third in 2 hours. In 
the experiment with mesitylene it was proved that this involved straightforward 
* dehydrogenation and not a transfer of hydrogen to the diluent, for the mesitylene was 
recovered in the pure state from the product and the measured elimination of hydrogen 
corresponded with the formation of naphthalene. 

It is thus clear that for tetralin to be dehydrogenated in the liquid phase at about 200°, 
it is necessary for the hydrogen to be eliminated from the system by the act of boiling. 
It appears that the tetralin molecules adsorbed on the catalyst surface suffer fission of the 
carbon-hydrogen bond but the hydrogen does not at once become free. Under tranquil 
conditions the reaction is reversible and the point of equilibrium is far on the tetralin side. 
The mechanical disturbance of boiling upsets this qpenem by detaching hydrogen 
molecules, and enables dehydrogenation to 

' The convenient technique of the reduction of the boiling temperature by the addition 
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of a diluent (which was also used by Mosettig and Duval) was next applied to the 
dehydrogenation of alcohols and ketones. Considerable improvements were effected in 
several cases. For instance, ac-$-tetralol, when boiled (263°) under atmospheric pressure 
with palladised charcoal, yielded almost equivalent amounts of naphthalene and 8- 
naphthol; when the dehydrogenation was carried out in a boiling solution in mesitylene 
(at 185°), the yield of naphthol was almost twice that of naphthalene. Similarly «-tetralone 
gave a 46% yield of «a-naphthol from a boiling solution in p-cymene, but only 9% when the 
diluent was omitted. In the latter case naphthalene was obtained in an excellent yield. 
The main reaction then becomes a dehydration, Cy)H,gO —> C,)H, + H,O, accompanied or 
followed by a transfer of hydrogen. This result suggests a convenient simplification of the 
synthesis of aromatic hydrocarbons through a-ketones. The two middle stages in the 
usual procedure, «-tetralone type —> «-tetralol——> dihydro-aromatic hydrocarbon —» 
aromatic hydrocarbon, should be unnecessary. 

In the dehydrogenation of trans-B-decalone both alone and in diluents, the best yield 
of B-naphthol (41%) was obtained at 205°. This is a considerable improvement on the 
results obtained with sulphur and selenium (Ruzicka, Helv. Chim. Acta, 1936, 19, 419). 
When trans-f-decalone was boiled with the catalyst at 242° without a diluent, a small 
yield of 66’-dinaphthyl was obtained. It was identified by comparison with material made 
by the action of lithium on @-bromonaphthalene (Vesely and Stursa, Coll. Czech. Chem. 
Comm., 1932, 4, 139). No dinaphthyl was isolated from the dehydrogenation of any of the 
other substances under discussion. 

The following table gives a rough indication of the initial velocity of dehydrogenation 
of five hydro-derivatives of 6-naphthol. The figures given are the % dehydrogenation 
after one hour’s boiling over the same catalyst. The results fall into line with those given 
in Table I and show the facilitating influence of an aromatic ring already present and the 
more ready dehydrogenation of ketones compared with alcohols. There is also an 
indication that cis-compounds are more readily dehydrogenated than trans-, as has been 
observed among hydrocarbons. 


Compound. . Products. 


Cis-B-Decalome — ......seeceeceeceeceeeeeceeceeees 31% Naphthalene, 29% f-naphthol 
trans-B-Decalone soe Wecvccecee 4% 13% 
Cis-B-Decalol ...... sce ceeceeceececeeeceeccecee cee 

trans-B-Decalol  ........sseceeceeceeceereeeeees 

BC-B-TOREAIOL 20.000 ccc ccc ccesecccccce soccce sosces a 


For direct comparison with the work of Mosettig and Duval (loc. cit.) we also examined 
the dehydrogenation of 4-keto-1:2:3:4-tetrahydrophenanthrene. The results are 
tabulated below, together with the best result recorded by Mosettig and Duval : 


Catalyst. Conditions. Products. 


3-3% of palladium on charcoal-d 75 Mins. at 315° 46% 4-Phenanthrol, 43% phenanthrene 
450 Mins. at 240° 62 32%, - 


”” 


(M."& D.) 10% of palladium as 24 Hrs. in boiling xylene 57% 4-Phenanthrol 
black 


The experiment at 240° was performed in a boiling mixture with p-cymene. Dehydrogen- 
ation was practically complete in less than 8 hours, but some loss of oxygen had occurred. 
Under the still milder conditions of Mosettig and Duval no loss of oxygen seems to have 
been observed. It is possible that the loss of oxygen is due to the carrier present in our 
catalyst. We hope to examine this point further, and to study the dehydrogenation of 
oxygenated compounds containing quaternary carbon atoms. 


EXPERIMENTAL. 

Catalyst.—Palladised charcoal-d (see preceding paper) was used throughout, except where 
mentioned. 

Materials.—Tetralin was washed repeatedly with concentrated sulphuric acid, then with 
alkali and water, dried over calcium chloride and phosphoric oxide, refluxed over potassium, 
and fractionated from potassium. ac-§-Tetralol was fractionated and stored in a dark evacuated 
flask. Even so it tended to darken and was always redistilled before use. B. p. 145°/9 mm., 
263°/760 mm., d%” 1:0791, nn?” 1-5583. ar-f-Tetralol was prepared from tetralin by 
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Schroeter’s method (we are indebted to Mr. R. H. Hughes of the Imperial College for 
this material). M. p. 59°, after crystallisation from light petroleum. «-Tetralone was 
regenerated from the oxime (m. p. 102°; cf. Kipping and Hill, J., 1899, 75, 151) with hydrochloric 
acid, distilled in steam, and fractionated under reduced pressure. B. p. 105°/1 mm., 235°/760 
mm., 42° 1-0995, n3” 1-5693. trans-x-Decalone, kindly supplied by Dr. A. L. Walpole of the 
Imperial College, was distilled at atmospheric pressure, following Hiickel, to convert the cis- 
into the tvans-isomeride, and then at 114°/17 mm. The tvans-ketone was thereafter frozen out 
in a refrigerator; m. p. 33°, in agreement with Hiickel. The two 6-decalones and 8-decalols 
were prepared by Hiickel’s methods (Amnalen, 1925, 441, 1), and had the following properties : 
tvans-B-decalone, b. p. 80°/1 mm., 243°, d%" 0-970, n?° 1-4833; cis-B-decalone, b. p. 133°/28 
mm., 248°, 42" 1-000, n?” 1-4935; trans-B-decalol, b. p. 236°, m. p. 75°; cis-B-decalol, b. p. 243°, 
m. p. 105°. 4-Keto-1: 2:3: 4-tetrahydrophenanthrene, m. p. 69°, was synthesised by 
Haworth’s method (J. 1932, 1129). 

Procedure.—The compound to be dehydrogenated (1—5 g.), together with 10% of its weight 
of catalyst and the diluent, if any, were heated in the apparatus described by Linstead, Millidge, 
Thomas, and Walpole (J., 1937, 1153). When a diluent of comparatively low b. p. was used, 
it was necessary to cool the upper part of the reaction vessel by a condensing coil. For temper- 
atures below the b. p. the reaction vessel was heated in the vapour of a suitable liquid. The 
evolution of hydrogen was measured in the usual manner (loc. cit.). The product was extracted 
with ether and freed from catalyst by filtration. The ethereal solution was extracted with 10% 
aqueous sodium hydroxide (except in experiments with tetralin and ketotetrahydro- 
phenanthrene), and the naphthol precipitated from the alkaline solution by acidification, 
dried, and weighed. The ethereal solution was freed from solvent under a column, and the 
naphthalene separated with an excess of picric acid in alcohol. It was regenerated from the 
picrate and weighed as such. Control experiments on the separation of known mixtures of 
naphthalene and §-naphthol showed that the manipulative loss involved in the isolation of 
samples of over 2 g. was negligible, for 1 g. samples was 8%, and for 200 mg. samples was about 
17%. Aspecial note is made below of any deviation from the standard procedure. The temper- 
atures of dehydrogenations at the b. p. refer to the initial temperature. This rose as the reaction 
proceeded. 

Results.— 
1. Tetvalin : Effect of boiling. ome Yield of products (%). 
Catalyst. ins.). Conditions. Hydrogen. Naphthalene. 
Palladium black-c  ..........eseeeeeeceeeee Boiling at 210° 


35 30 
Palladium black-d .......... 71 
Palladised charcoal-c site bie 


Tranquil at 186 
oaee Boiling at 186 * 
” Boiling at 185 + 
* Boiling effected by lowering: ot the pressure. 
t Boiling effected by dilution with an equal volume of mesitylene. 


2. ac-B-Tetralol. 


96 

9 
” ” 34 
Tranquil at 197 : 
30 
36 


lane ) Yield of products * (%). 
Catalyst. ins.). Conditions. Naphthalene. fB-Naphthol. 

Palladised charcoal-d ...........+sseeeeee 60 Boiling at 235° 29 
Palladised asbestos-d .........scsseseeseee “ ts 
Palladised charcoal-d ..........0s+:ee0+0+ Boiling at 180 ¢ 
Platinised charcoal-c  ............eesseeeee Boiling at 235 { 
Adams’s PtOQ, .. pocncceepecoasecannees 
Palladised charcoal-d . Vapour phase at 310° 

* The evolution of ‘hydrogen ¥ was 5 tetbensea in most experiments but is not recorded here or in 
subsequent tables, as it is dependent not only on the amount of dehydrogenation but also on the extent 
of dehydration and cannot be expressed as a simple percentage yield. In practice, however, the evolu- 
tion of hydrogen was a useful guide to the progress of the reaction. 

+ Boiling was effected by dilution of the tetralol with an equal volume of mesitylene. 


¢ This experiment was carried out on 12 g. of tetralol. The recovery of aromatic material was 
excellent. 
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3. ar-B-Teiralol. 
Time Yield of products (%). 
Catalyst. (mins.). Conditions. Naphthalene. f-Naphthol. 
Palladised charcoal-d .........0.ssecseeeee 15* Boiling at 272° 42 
a ie jon ste dosendecdaee en 30 ve 268 40 
Palladised asbestos-d .........sssseeeeeeee 125 — 
PMS BO yg 500500 cascccceseseccescesseses 155 28 


* The exceptional speed of this dehydrogenation is noteworthy. 


4. a-Tetralone. (i) 2 G. of a-tetralone were boiled at 235° for 40 minutes with 0-2 g. of 
palladised charcoal-d; very little hydrogen was evolved, only 14% of that required for the 
straightforward dehydrogenation C,,H,,O —-> C,,H,O + H,. The aromatic product was a 
mixture of naphthalene (77% yield) and a-naphthol (9% yield). 

(ii) A mixture of 2-20 g. of a-tetralone, 1 c.c. of p-cymene, and 0-2 g. of the same catalyst 
was boiled under reflux for 15 hours, the internal temperature remaining at ca. 201°. There was 
a copious evolution of hydrogen; yield of naphthalene, 35%; of a-naphthol, 46%. 

. 6, trans-B-Decalone. (i) 2 C.c. of the decalone were boiled for 1 hour at 243° with 10% of 
palladised charcoal-d; 18% of the hydrogen required for complete dehydrogenation to 
6-naphthol was evolved. The product gave a 4% yield of naphthalene and a 13% yield of 
B-naphthol. The catalyst was extracted in a Soxhlet apparatus with boiling toluene. The 
extract yielded 6-5% of crystalline 66’-dinaphthyl, m. p. 181° after two crystallisations from 
benzene. For comparison, §-bromonaphthalene (m. p. 58°) was heated in ethereal solution 
with lithium under nitrogen, following Vesely and Stursa (loc. cit.). The product was composed 
of 8-naphthol, a little naphthalene, and 8§’-dinaphthyl, identical with that obtained in the 
dehydrogenation. 

(ii) A similar experiment lasting 5} hours gave 33% of ®-naphthol and 28% of 
naphthalene. 

(iii) A mixture of 2 c.c. of tvans-B-decalone and 1-33 c.c. of p-cymene was boiled with 0-2 g. 
of catalyst at ca. 205° for 59 hours. Yield of B-naphthol, 41%; of naphthalene, 20%. Similar 
experiments at 194° and 200°, in which mesitylene was used as a diluent, gave much less 
dehydrogenation (ca. 10% of $-naphthol). 

6. cis-B-Decalone. (i) The ketone was boiled for 1 hour at 249° with 10% of palladised 
charcoal-d. Yield of B-naphthol, 28%; of naphthalene, 41%. The yield of naphthol was not 
improved by prolonging the reaction for 48 hours. 

(ii) A mixture of 2 c.c. of the decalone and 1 c.c. of p-cymene was boiled at an initial temper- 
ature of 206° for 64 hours. Yield of B-naphthol, 23%; of naphthalene, 29%. 

7. trans-a-Decalone. (i) The ketone was boiled for 405 minutes at 235° with 10% 
of palladised charcoal-d. Yield of a-naphthol, m. p. 96°, 8%; yield of naphthalene, 21%. 

(ii) A similar experiment for 24 hours gave 19% of a-naphthol and 78% of naphthalene. This 
is an exceptionally good result for the liquid-phase dehydrogenation of a decalin derivative. 

8. trans-$-Decalol. (i) One hour’s boiling at 245° with 10% of palladised charcoal-d gave 
10% of 6-naphthol and no appreciable quantity of naphthalene. A similar experiment prolonged 
for 46 hours gave a little more naphthol (17%) but 34% of naphthalene. 

(ii) A mixture of 2 g. of the decalol and 1 c.c. of p-cymene was boiled at 218° with the catalyst 
for 48 hours. There was a surprisingly high yield of naphthalene (73%) and only 7% of 
B-naphthol. The p-cymene was recovered quantitively in a pure state. 

A careful search was made for §’-dinaphthyl in these experiments, but none was 
detected. 

9. cis-B-Decalol. One hour’s boiling at 244° with 10% of palladised charcoal-d gave 12% 
of 6-naphthol and 10% of naphthalene. Repetition of this experiment again gave 12% of 
B-naphthol. Continuation of the boiling to 46 hours raised the yield of naphthalene to 44% 
without appreciably affecting that of the naphthol. 

10. 4-Keto-1 : 2: 3 : 4-tetyvahydrophenanthrene.—The results of dehydrogenation are tabulated 
on p. 1136. The experiment at 240° was performed on a boiling mixture of 5 g. of the ketone and 
2 c.c. of p-cymene. The working up of the product had to be modified in these experiments. 
The 4-hydroxyphenanthrene was extracted from the ethereal solution of the product with 
50% aqueous sodium hydroxide, instead of 10% as with the naphthols. The 4-phenanthrol, 
isolated by acidification, had m. p. 116°. The phenanthrene, isolated through the picrate, 
melted at 99°. The spent catalyst on extraction with boiling toluene yielded a solution which 
deposited a small amount of fluorescent crystals, m. p. 312°. This is presumably a compound 
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containing two phenanthrene nuclei and possibly also oxygen (cf. Cook and Hewitt, J., 1933, 
404; Mosettig and Duval, loc. cit.). 
We thank the Chemical Society and the Royal Society for grants. 
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210. Dehydrogenation. Part IV. Catalytic Disproportionation and 
Dehydrogenation of some Terpenes and Terpene Ketones. 


By R. P. Linsteap, K. O. A. MICHAELIs, and S. L. S. THomas. 


A study has been made of the action of palladium and platinum catalysts on the 
following compounds of the terpene and sesquiterpene groups: limonene, pinene, 
pinane, cadinene, isocadinene, selinene, pulegone, menthone, carvone, dihydrocarvone, 
carvomenthone, camphor. 

The results throughout were in harmony with the known structures. The experi- 
ments under mild conditions gave clear evidence of the skeleton structure and the 
number of double bonds. For instance, all the unsaturated substances underwent 
disproportionation into aromatic and saturated compounds at comparatively low 
temperatures (140° to 205°), the proportions formed being those predictable from the 
number of double bonds in the original terpene. Carvone was isomerised almost 
quantitatively to carvacrol. Pinene was converted into p-cymene and pinane, the 
cyclobutane ring being broken. Selinene was the least easily disproportionated hydro- 
carbon, owing to the presence of a quaternary carbon atom. Nevertheless it gave 
eudalene with surprising ease at 205°. - 

All the compounds studied, whether unsaturated or saturated (with the exception 
of camphor, which was completely resistant), gave their aromatic counterparts with 
elimination of hydrogen at higher temperatures. The yields of aromatic material were 
in general considerably better than those obtainable by other methods. Under 
vigorous dehydrogenating conditions, cadinene underwent elimination of the isopropyl 
group with the formation of 1 : 6-dimethylnaphthalene. 


THE methods which gave satisfactory results (preceding papers and J., 1937, 1146) in 
effecting the catalytic dehydrogenation and disproportionation of hydronaphthalenes 
have now been applied to various naturally occurring terpenes, sesquiterpenes and 
terpene ketones. Dehydrogenation, although widely used in the determination of sesqui- 
terpene structure, has been but little studied in the monoterpene field. Zelinski has, 
however, made some applications of his discoveries in the dehydrogenation of cycloparaffins 
to the terpene group, and there have been other isolated observations which are referred 
to later. 

All the substances examined, with the possible exception of selinene, were of established 
structure. The results recorded below show that the catalytic methods, particularly when 
used at low temperatures, are capable of giving precise information on skeleton structure 
and degree of unsaturation. They have the advantage of cleanness in operation and can 
be used with small amounts of material. 

Limonene.—Zelinski (Ber., 1924, 57, 2058) observed that, when limonene vapour was 
passed over platinised asbestos at 180°, the product was essentially saturated and con- 
tained p-menthane and an aromatic hydrocarbon, believed to be p-cymene. In agreement 
with this we find that, when pure limonene is boiled over platinised charcoal, no hydrogen 
is evolved but the unsaturated reactivity is lost. This occurseven at 140°, but no dis- 
proportionation could be observed after 24 hours’ treatment at 102°. The product formed 
at 140° was shown to be a mixture of p-cymene and #-menthane in the approximate 
molecular ratio of 2to00-9. This agrees with the ratio demanded by the disproportionation : 


3C pHi, a 7 2CypH yg + CrpH eo 
The cymene was identified by conversion into terephthalic acid, under conditions which 
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permitted a semi-quantitative estimation to be made. The menthane, isolated by removing 
the cymene by sulphonation, was almost identical in properties with material prepared by 
direct hydrogenation of limonene. In the vapour phase at 305°, limonene was catalytically 
dehydrogenated to p-cymene in good yield. 

Pinene.—Zelinski (Ber., 1925, 58, 864) observed that, when pinene vapour was passed 
over palladised asbestos at 190°, the product contained pinane and aromatic material. 
We find that, when pinene is boiled (156°) with platinised charcoal, it does not lose hydrogen 
but passes completely into a mixture of p-cymene and pinane. These are formed in 
approximately equimolecular proportion as required by the disproportionation : 


| 
o — &) + Ay 


(I.) 


p-Cymene was also formed at a temperature (154°) just below the boiling point, but we 
could detect none at 140°, showing that the fission of the cyclobutane ring requires rather 
more drastic conditions than are necessary for the straightforward dehydrogenation of 
limonene. Only the 6: '7- and not the 4: 7-bond (I) was broken in the dehydrogenation, 
for o-cymene could not be detected in the product. 

When pinene was passed over platinised charcoal at 300°, the preponderating reaction 
was dehydrogenation to p-cymene, but again there was some disproportionation to a 
more hydrogenated hydrocarbon. Pinane itself was slowly dehydrogenated to p-cymene 
at 300° over platinised charcoal with fission of the cyclobutane ring, in agreement with 
Zelinski and Lewina (Amnalen, 1929, 476, 60). 

Cadinene.—Cadinene (II) was unaffected by contact with platinised charcoal at 140°. 
At 186°, however, it was converted, practically without evolution of hydrogen, into a 
mixture of cadalene (III) and tetrahydrocadinene (IV). The cadalene was identical with 
material made by dehydrogenation of cadinene with sulphur, following Ruzicka and 
co-workers (Helv. Chim. Acta,.1921, 4, 508; 1922, 5, 356). The tetrahydrocadinene was 
almost identical in properties with the material of Semmler and Jonas (Ber., 1914, 47, 
2076) obtained by direct hydrogenation. The two compounds were formed in the ratio 
two mols. cadalene to 2-6 mols. of tetrahydrocadinene, #.e., close to the 2 : 3 ratio required 
by the disproportionation : 


| 
f DA Me 
5 — 2] | \ + 3 
V4 \A V4 \F 
ws 
(II, a-form.) (III.) (IV.) 


The smoothness of these reactions at this comparatively low temperature supports Ruzicka’s 
formula for cadinene (II). When cadinene was boiled with palladised charcoal, the 
temperature rose from 243° to 282°. Hydrogen was evolved briskly, but the reaction 
ceased when only 36% of the quantity required for complete dehydrogenation had been 
eliminated. The liquid product yielded 50% of cadalene and 44% of tetrahydrocadinene. 
It is thus clear that more than half the hydrogen fails to escape from the system, but is 
used up in the reduction to (IV). It is remarkable for hydrogenation to proceed so freely 
in a boiling liquid at so high a temperature. Some other examples of high-temperature 
hydrogenation will be found later in this paper. 

Ruzicka and Stoll dehydrogenated cadinene to cadalene over platinum in the vapour 
phase (Helv. Chim. Acta, 1924, 7, 85). Over an active platinised charcoal at 305°, we 
observed a very ready evolution of gas and the formation of a mixture of cadalene and 
1 : 6-dimethylnaphthalene, which was identified by comparison of its picrate with authentic 
material. This seems to be the first example of such a degradation during dehydrogenation 
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over platinum ; it recalls the elimination of the similarly branched side-chain of the steroids 
from C,7. It is probably connected with an abnormally high initial activity of the catalyst 
(compare this vol., p. 1130). When a second portion of cadinene was passed over the 
identical catalyst, there was less secondary decomposition and a higher yield of cadalene. 
Over the same catalyst at 335° there was a very considerable elimination of gaseous 
hydrocarbon fragments. 

A portion of the cadinene fraction of oil of cade failed to give the solid dihydrochloride 
of cadinene, and from this a sample of isocadinene was isolated. This hydrocarbon has 
already been shown to yield cadalene by sulphur dehydrogenation (Ruzicka and Capato, 
Helv. Chim. Acta, 1925, 8, 259). We find that over palladised charcoal at 185° isocadinene 
disproportionates without evolution of hydrogen, yielding cadalene. This supports the 
view that it has the same carbon skeleton as cadinene, but a different arrangement of 
double bonds. 

Selinene.—The experiments were performed with @-selinene (probably V) regenerated 
from the dihydrochloride. Unlike all the other unsaturated substances described in this 
paper, it underwent no disproportionation when heated to 183° with an active catalyst. 
This shows a resistance to dehydrogenation comparable with that of the synthetic octalins 
containing an angular methyl group (Parts I and II; J., 1937, 1146; this vol., p. 1128) 
and supports Ruzicka’s formula (V). 


WY 9 AO KX) 


(VII.) 
2Cy5H og —> CygHyg + CysHog + CHy 


At 205°, however, prolonged treatment with palladised charcoal formed eudalene (VI) and 
tetrahydroselinene (VII). This novel type of disproportionation involved a primary 
elimination of two mols. of hydrogen and one mol. of methane, the hydrogen being almost 
complétely used up in the reduction of the sesquiterpene. This is the first clear example 
of the elimination of a methyl group from a quaternary carbon atom under conditions 
sufficiently mild to permit of simultaneous hydrogenation. Both in this case and in that 
of cadinene, there seems no appreciable tendency for the reaction to stop at the tetrahydro- 
naphthalene stage. 

The vapour-phase dehydrogenation of selinene also gave eudalene. It was hoped, by 
using platinised asbestos, to bring about some migration of the methyl group to an adjoin- 
ing carbon atom. This catalyst, however, failed to give any picrate-forming product. 
The easy formation of eudalene in comparatively good yield, 37%, as against a best yield 
of 10% by the use of sulphur (Ruzicka, Meyer, and Mingazzini, Helv. Chim. Acta, 1922, 
5, 356) strengthens the evidence for Ruzicka’s formula, but the results of catalytic dehydro- 
genation throw no further light on the position of the quaternary atom. 

Pulegone.—Treibs and Schmidt observed that pulegone and piperitone vapours under- 
went disproportionation into thymol and menthone over nickel or copper catalysts (Ber., 
1927, 60, 2335; compare Read and collaborators, J., 1929, 2068). We found that at 175° 
over palladised charcoal liquid pulegone was rapidly converted into an equimolecular 
mixture of menthone and thymol without evolution of hydrogen : 


2C,9H,,0 —_- Cy9H,,0 op Cy9H,,0 


When pulegone was boiled with the same catalyst, some of the hydrogen escaped and the 
proportion of thymol in the product was increased. In the vapour phase at 300°, thymol 
was the main product, there was a little dehydration to p-cymene, and, surprisingly, still 
some hydrogenation to menthone (11%). 

The menthone formed by disporportionation of d-pulegone at 175° was optically in- 
active, in contrast to that obtained by hydrogenation at room temperature (Skita and 
Ritter, Ber., 1910, 48, 3394; Vavon, Compt. rend., 1912, 155, 287; Read, Chem. Rev., 1930, 
7, 19). It consisted mainly of dl-isomenthone, for it yielded a semicarbazone of m. p. 
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210°. The m. p. of the a-form of this semicarbazone is 219—220° (Hughesdon, Smith, and 
Read, J., 1923, 123, 2916; cf. Pickard and Littlebury, J., 1912, 101, 109; Wallach, 
Annalen, 1913, 397, 217) ; other semicarbazones of menthones and isomenthones melt below 
190° (Read and Cook, J., 1925, 127, 2783). The racemisation which accompanies the 
disproportionation may be attributed to the temporary removal of the hydrogen atom 
from the asymmetric carbon atom (C,); it may then return to give either enantiomorph. 
This process is presumably facilitated by the metallic catalyst, but it is possible that it 
might be effected by the heat alone (cf. the easy racemisation of piperitone; Read and 
Smith, J., 1923, 123, 2267). 

Carvone (VIII).—This doubly-unsaturated ketone stands at the same level of reduction 

as an aromatic substance with saturated side chains, and its enolate is a double-bond iso- 
meride of carvacrol (IX). No evolution of hydrogen could 
OH be detected when it was heated with palladium, and it was 
G converted into carvacrol, the yield of the latter being 95%, 
L ] after 12 hours at the boiling point. 
~ The conversion of carvone into carvacrol has been known 
\Y for nearly a century (Schweizer, J. pr. Chem., 1841, 24, 257); 
(VIII) (IX.) this is a particularly smooth method of effecting it. A trace 
of carvacrol—which is easily identified as the 4-nitroso- 
derivative—could even be detected after carvone had been kept over the catalyst at room 
temperature. This isomerisation accounted for the difficulty we experienced in bringing 
about complete catalytic hydrogenation of carvone to carvomenthone. The uptake of 
hydrogen, at first rapid, became very slow in the final stages. The reason was that the 
catalyst had caused some conversion into carvacrol, the aromatic ring of which was com- 
paratively resistant to hydrogenation. Carvacrol was, in fact, found as an impurity in 
the final product. This recalls the fact that Read, Watters, Robertson, and Hughesdon 
(J., 1929, 2068) isolated thymol from the products of the catalytic “ hydrogenation ” of 
piperitone at room temperature. 

Other Ketones.—Dihydrocarvone was converted into carvacrol both at the boiling point 
and at 175°. The yield at the boiling point was very good and there was littlé*or no 
hydrogenation. Camphor was unaffected by active catalysts over the range 250° to 420°, 
as expected from the presence of the five-membered rings. Carvomenthone and menthone 
were dehydrogenated at the boiling points to carvacrol and thymol respectively. The 
yield of the latter was particularly good (84%), coming from a saturated ketone. 

In comparison with the hydronaphthalene ketones discussed in Part III (preceding 
paper), the dehydrogenation of terpenic ketones appears to be considerably smoother and 
there is less tendency for the elimination of oxygen. There was no indication of the hydro- 
genation of ketones to alcohols under the conditions of disproportionation, ¢.g., of pulegone 
to menthol by the process : 


The tables on p. 1143 summarise the best yields of aromatic material, and the results of 
disproportionation of the various compounds. 


00? 
—> 


EXPERIMENTAL. 


The apparatus and procedures were those described in Part I (J., 1937, 1153). The suffixes 
to the catalysts have the significance denoted in Part II (this vol., p. 1130). 

Limonene.—The terpene was purified by regeneration from the tetrabromide, m. p. 105°, 
by the method of von Braun and Lemke (Ber., 1923, 56, 1652). It had b. p. 176—177°, ax 
0-8415, nz" 1-4739. 

(1) 10 C.c. of limonene were heated with 0-85 g. of platinised charcoal-c in a bath of boiling 
xylene (140°) for 21 hours. The product (A), freed from catalyst by filtration, was almost 
unchanged in density and refractivity but was no longer unsaturated to bromine in chloroform. 
1-19 G. were agitated at 110° for 20 minutes with 10 c.c. of oleum containing 9% of sulphur 
trioxide (this procedure had been shown in preliminary experiments to extract cymene from 
a mixture with menthane).. The liquid was cooled and extracted with light petroleum, free 
from aromatic hydrocarbon. The extract was dried over potassium carbonate, the solvent 
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removed, and the p-menthane distilled. Yield, 300 mg. (Found: C, 85-9; H, 14-2. Calc. for 
CipHo: C, 85-6; H, 14.4%). Its properties are compared below with those of p-menthane 
prepared by direct catalytic hydrogenation of limonene : 


ne, a’. [Rz]p- 
p-Menthane by a, so mn ae corcesccccccccoscccos 1°08 0-8010 46-16 
p-Menthane by hydrogenation ..........seseeeeeeeeeee 14429 0-8062 46-08 


Results obtained by Catalytic Disproportionation and Dehydrogenation of some 
Terpenes and Terpene Ketones. 


Terpene. Optimum conversion into aromatic counterpart. 
Limonene .............ssssseesee0ee5 80% p-Cymene. Vapour-phase dehydrogenation at 305°. 
Pimeme  .........0..sceeeeeeeeeeeeeeee 75% p-Cymene. Vapour-phase dehydrogenation at 300°. 
COMMBOMO 606.000 csnede ceococececdnces Cadalene. Liquid-phase disproportionation at 243°. 
REIN 900 s00 coseve cop escccesesece nce Liquid-phase disproportionation at 205°. 
PEERED oon ccc csc ccccccecs senses see Thymol. Vapour-phase dehydrogenation at 300°. 
CORTON occiins siedde ceidic issddscvocs Carvacrol. Liquid-phase rearrangement at 220°. 
Dihydrocarvone  ........2.+000++0+ Carvacrol. Liquid-phase dehydrogenation at 225°. 
Menthone ..........0eeeeeeeeeeeeeees Thymol. Liquid-phase dehydeogenation at 204°. 


Disproportionation. 





Products. 
p-Cymene + /-menthane 
— + pinane 
e + tetrahydrocadinene 
Eudalene + tetrahydroselinene 
175 Thymol + menthone 


The following procedure was devised for the estimation of p-cymene in small quantities of 
products of this type: 0-5 C.c. of p-cymene was boiled for 3 hours with 3-5 g. of chromium 
trioxide, 15 c.c. of water, 15 c.c. of acetic acid, and 5c.c. of sulphuric acid. The product was 
cooled and diluted with water, and the solid collected by filtration, dried, and weighed. Yield 
of terephthalic acid, 370 mg. It was identified by conversion into the methyl ester. The 
yield of acid was repeatable and was not appreciably affected by variations in the time of 
heating or the excess of chromium trioxide used. Under similar conditions limonene gave a 
trace of terephthalic acid, but menthane gave no measurable amount. 

1-12 G. of the product (A) were oxidised with 10 g. of chromium trioxide under the above 
conditions. 650 Mg. of terephthalic acid were produced, which yielded 850 mg. of the crystalline 
methyl ester, and corresponded to 760 mg. of cymene. In estimating the proportion of cymene 
to menthane, the menthane figure is obtained by difference. This corresponds to a higher 
amount than can actually be isolated, the reason being that oleum attacks menthane to a 
small extent. 

(2) Limonene was unchanged when heated at 102° (boiling n-propyl acetate bath) for 24 
hours with the same catalyst. The recovered liquid on oxidation gave a very small amount of 
terephthalic acid, hardly differing from that obtained in a blank experiment on pure limonene. 

(3) Limonene (2-50 g.) was passed in the vapour phase over the same catalyst. There were 
formed 322 c.c. of hydrogen (75%) and 2-13 g. of a liquid, which was dried and distilled. It 
was nearly homogeneous; 220 mg. yielded on oxidation 170 mg. of terephthalic acid, correspond- 
ing to 210 mg. of cymene. " 

Pinene.—The terpene was twice fractionated from sodium. It had b. p. 156°, n}” 1-4660. 

(1) 1-0 C,c. of pinene was boiled with 0-1 g. of platinised charcoal-c for 11 hours in a stream 
of carbon dioxide. No significant quantity of gas was evolved but the recovered liquid was 
saturated to bromine in chloroform and had n}” 1-4738. It contained about 50% of p-cymene 
(460 mg. yielded 190 mg. of terephthalic acid). 

(2) 6-0 C.c. of pinene were boiled for 24 hours with 0-5 g. of the same catalyst. 3-56 G. of 
the recovered liquid were agitated for 20 minutes at 110° with 20 c.c. of 9% oleum. The non- 
aromatic product was isolated by extraction with light petroleum. Yield, 1-06 g. (Found : 
C, 87-4; H, 12-8. Calc. for C,gH,,: C, 86-9; H, 13-1%). Separate tests showed that pinane 
was appreciably attacked by oleum under these conditions. 

(3) 1-0 C.c. of pinene was heated with 0-1 g. of catalyst for 24 hours at 154° (boiling anisole 
bath). 600 Mg. of the product yielded 150 mg. of terephthalic acid. 
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(4) After a similar experiment at 140° (boiling xylene bath) the product yielded no 
terephthalic acid. 

(5) Over the same catalyst in the vapour phase at di pinene (3-0c.c.) gave 367 c.c. of gas 
(40% dehydrogenation) and 2-10 g. of a liquid with nf” 1-4787, d?" 0-8502. This contained 
75% of p-cymene, for 600 mg. yielded 370 mg. of terephthalic acid, corresponding to 450 mg. 
of cymene. The comparatively low elimination of hydrogen corresponds with the occurrence 
of some hydrogenation. The reduced material was isolated as before. 1-37 G. of the product 
yielded 0-45 g. of a liquid, unaffected by oleum, with n}" 1-4463, d?” 0-8197 (Found: C, 86-6; 
H, 13-6%). This was probably a mixture of menthane and pinane. 

Under the same experimental conditions, pinane was dehydrogenated to the extent of about 
25% after one passage over the catalyst. 2-0 C.c. gave 293 c.c. of gas (24%) and a liquid, of 
which 0-35 g. yielded 0-07 g. of terephthalic acid, corresponding to 0-09 g. of p-cymene. 

Cadinene.—The sesquiterpene was extracted from oil of cade following Henderson and 
Robertson (J., 1924, 125, 1992). The fractions of the oil boiling at 105—120°/1-5 mm. were 
shaken with alkali, dried, dissolved in acetic acid, and saturated with dry hydrogen chloride 
for 3 days. The crystalline product was recrystallised from glacial acetic acid saturated with 
hydrogen chloride, to a constant m. p. of 118°. The cadinene dihydrochloride was decomposed 
by heating with an equal weight of anhydrous sodium acetate in glacial acetic acid for 4 hours 
at 90° and for 1 hour at the b. p. The mixture was cooled and poured into water, and the 
sesquiterpene extracted by means of purified light petroleum and dried. Two fractionations, 
the second over potassium, gave pure cadinene, b. p. 130—131°/11 mm., njf* 1-5090, di°* 
0-9240, [R,]p 66-25. These values are very close to those reported by Henderson and Robertson. 
[The density recorded in Simonsen’s ‘“‘ The Terpenes,” Vol. II, p. 506, (d?° 0-9819) is a misprint 
for 0-9189.] 

The liquid residues from the preparation of the crystalline dihydrochloride were hydrolysed 
in the same way to isocadinene, b. p. 130°/14 mm. 

(1) 1-0 C.c. of cadinene was boiled with 0-1 g. of palladised charcoal-c for 160 minutes. The 
progress of the reaction is indicated below. The theoretical elimination of hydrogen for the 
complete dehydrogenation, C,,H,, = C,;H,, + 3H, is 319 c.c. 


Time (mins.) .... REDE EEA 2 5 15 38 125 150 160 


C.c. of hydrogen (corr. boc 32 59 83 101 109 113 113 
% Dehydrogenation ............ 10 18-5 26 32 34 35-5 35:5 
Temperature .....cccecceeeeereeee 243° 253° 265° 276° 280° 282° 282° 282° 


The product was freed from the catalyst, and the picrate-forming material separated by treat- 
ment with a large excess of picric acid in alcohol, following Ruzicka’s procedure, and then 
regenerated (450 mg.). It yielded 800 mg. of pure cadalene picrate, m. p. 114-5° alone or in 
admixture with a sample prepared by sulphur dehydrogenation following Ruzicka, Meyer, and 
Mingazzini (loc. cit.). The material which gave no solid picrate was freed from picric acid with 
ammonia and from alcohol by evaporation. Distillation yielded 420 mg. of an oil which had no 
action on bromine in chloroform. To free it from any possible contamination with a tetrahydro- 
naphthalene derivative it was warmed for 30 minutes with 100% sulphuric acid, and isolated 
by dilution and extraction fromether. After distillation from potassium, 350 mg. of tetrahydro- 
cadinene were isolated, nlJ* 1-4811 (lit., n#° 1-4805) (Found: C, 86-8, 86-7; H, 13-0, 12-85. 
Calc. for C,;H,,: C, 86-5: H, 13-5%). 

(2) 940 Mg. of cadinene were heated at 140° (boiling xylene bath) for 24 hours with 100 mg. 
of platinised charcoal-c. 900 Mg. were recovered which yielded no picrate. 

(3) 900 Mg. of cadinene were heated at 186° (boiling ¢vans-decalin bath) for 20 hours with 100 
mg. of palladised charcoal-c. The evolution of gas was only 22 c.c., and 870 mg. of liquid were 
collected. This was separated as before into 380 mg. of cadalene, which gave 700 mg. of picrate 
(m. p. 113-5°, mixed m. p. 114°), and 400 ) ng. of tetrahydrocadinene, which after distillation 
over potassium ‘had b. p. 128°/11 mm., nj" 1-4868 (Found: C, 86-8; H, 13-2%). 

(4) 1-02 G. of cadinene were passed over platinised charcoal-c at 305°. 384 C.c. of gas were 
evolved, corresponding to 105% dehydrogenation; hence gaseous hydrocarbon must have been 
eliminated. The recovery of liquid was 710 mg. The aromatic portion, isolated in the usual 
manner, was converted into the picrate, which melted at about 108° and was clearly a mixture. 
The hydrocarbon was accordingly regenerated (290 mg.) and fractionally distilled. Four fractions 
of approximately 50 mg. each were collected. The lowest-boiling fraction gave a yellow picrate, 
m. p. 108°, and 113° after crystallisation, not depressed by the picrate of 1 : 6-dimethylnaphth- 
alene (m. p. 113°) but depressed to about 90° by cadalene picrate (Found: C, 56-8, 56-9; 
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H, 4:0, 4-1. Calc. for C,,H,,,C,H,O,N,: C, 56-1; H, 39%). The slightly high carbon figure 
shows that the elimination of cadalene was not complete. The second fraction also gave mainly 
the same picrate (m. p. 111° after crystallisation ; mixed m. p. with the picrate of 1 : 6-dimethyl- 
naphthalene 111-5°). The highest fraction was mainly cadalene. The picrate after three 
crystallisations melted at 111° alone, and at 112° in admixture with cadalene picrate. A 
mixture with the picrate of 1 : 6-dimethylnaphthalene melted at about 90°. 

(5) When 1-23 g. of cadinene were passed over the identical catalyst at 300° there were formed 
340 c.c. of gas (76% dehydrogenation) and 1-05 g. of a liquid containing 700 mg. of picrate- 
forming material. The picrate from this was a mixture from which pure cadalene picrate was 
isolated by two crystallisations (m. p. and mixed m. p. 113-5°). 

(6) isoCadinene (1-0 c.c.) was heated at 186° for 24 hours with 0-1 g. of palladised charcoal-d. 
There was no significant evolution of gas. The aromatic product (500 mg.) yielded cadalene 
picrate (m. p. and mixed m. p. 114-5°). 

Selinene.—The fraction from celery seed oil boiling at 110—160°/18 mm. was washed with 
alkali, dried, and fractionated over sodium. The portion, b. p. 132—142°/18 mm., was collected 
in five 2° fractions, which were separately converted into the dihydrochloride. 10 G. of the 
sesquiterpene fraction in 30 c.c. of dry ether at —10° were treated with hydrogen chloride for 
6 hours. The ether was removed by reducing the pressure; the oily product then solidified 
(yield, after crystallisation from petroleum, 10 g.). In agreement with Ruzicka, Koolhaas, and 
Wind (Helv. Chim. Acta, 1931, 14, 1132) the freshly prepared dihydrochloride melted at 52° 
(cf. Schimmel’s Report, 1910, 95). a«-Selinene was regenerated by methyl-alcoholic potash; 
b. p. 128—130°/11 mm., njf* 1-5106, dif* 0-9191, in close agreement with Semmler and Risse 
(Ber., 1912, 45, 3301). 

(1) 960 Mg. of selinene were heated at 205° (boiling nitrobenzene bath) with 100 mg. of pallad- 
ised charcoal-c. After 48 hours 45 c.c. (corr.) of gas had been evolved. 940 Mg. of a liquid 
material were recovered which was separated into 370 mg. of aromatic and 540 mg. of non-arom- 
atic material. The former boiled at 138°/11 mm. and yielded 710 mg. of eudalene picrate. This 
melted at 92—93° alone or in admixture with a sample of picrate (m. p. 92°) prepared by sulphur 
dehydrogenation (Found: C, 58-2, 58-4; H, 4-5, 4-8. Calc. for C,,H,.,C,H,O,N,;: C, 58-1; 
H, 46%). Eudalene, regenerated from the picrate, was converted into the styphnate, m. p. 
119°, and the trinitrobenzene addition compound, m. p. 113° (Found: C, 60-85, 60-65; H, 4-8, 
5-0. C,,H,,,CgH,O,N, requires C, 60-4; H,4-8%). Ruzicka, Meyer, and Mingazzini (loc. cit.), 
from eudalene obtained by sulphur dehydrogenation of selinene, obtained a picrate, m. p. 
90—91°, and a styphnate, m. p. 119—120°. 

The material which yielded no picrate was refluxed with potassium and distilled. It had 
b. p. 126°/11 mm., n}$" 1-4850, dj?” 0-8920 in close agreement with the properties of tetrahydro- 
selinene recorded by Semmler and Risse (loc. cit—b. p. 125—126°/10 mm., 1%” 1-4838, 
d* 0-8889). 

(2) When selinene was heated at 183° with the same catalyst for 20 hours, it gave no gas 
and its properties were practically unaltered. 

(3) As a preliminary to a dehydrogenation in the vapour phase a sample of selinene was 
passed over a platinised charcoal catalyst (-c) at 325° to subdue its initial activity, after which 
the catalyst tube was thoroughly swept out with a current of hydrogen. 1-18 G. of fresh 
selinene were then passed over the same catalyst at 310—315°. There were formed 198 c.c. of 
gas and 950 mg. of a liquid product. The material which formed no picrate (600 mg.) boiled 
at 126—130°/13 mm. and had nif" 1-5435, dj? 0-9400; whence it was probably a tetralin 
derivative or an equivalent mixture. The picrate-forming material (320 mg.) was separated by 
distillation into five fractions, all of which yielded eudalene picrate. The main fraction is 
typical: After two crystallisations, the picrate from it melted at 92° alone and in admixture 
with eudalene picrate (Found: C, 58-1; H, 4-5. Calc. for C,,H,.,C,H,O,N,: C, 58-1; 
H, 46 

(4) | dehydrogenation of selinene over platinised asbestos-c at 320° and at 340° 
yielded practically no picrate-forming material. 

Pulegone.—The commercial ketone was twice fractionated. The fraction, b. p. 105—110°/12 
mm., was converted into the semicarbazone, which was crystallised from alcohol to constant 
m. p. 172° (= Baeyer and Henrich, Ber., 1895, 28, 653). Regeneration yielded d-pulegone, 
b. p. 222°, n3” 1-4883, di” 0-9402, [a]>” + 19-22°. The measurement of rotatory power was 
observed for the homogeneous liquid ina 1dm.tube. Thesame is true for all the other measure- 
ments recorded below. The physical properties agree satisfactorily with those in the 
literature, although the rotatory power is rather lower. 
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(1) 5-0 C.c. of pulegone were heated at 175° for 135 minutes with 0-5 g. of palladised charcoal-d. 
No hydrogen was evolved. The product was extracted in ether, filtered from catalyst, re- 
covered by careful evaporation, and separated by fractional distillation and freezing into 2-05 g. 
of thymol, m. p. 52°, and 1-91 g. of dl-isomenthone, which yielded a semicarbazone, m. p. 
210°. To confirm the yield and lack of rotation of the menthone formed, the experiment was 
repeated on a larger scale (20 g.) and the heating prolonged for 24 hours. Yield of menthone, 
51%. It showed no detectable rotation in a 1 dm. tube. 

(2) 2-82 G. of pulegone were boiled with 10% of the same catalyst for 4 hours at 220°. The 
recovered liquid (2-51 g.) was separated into pure thymol (1-56 g.) and menthone (0-80 g.). No 
cymene could be detected; but a small quantity was isolated in a similar experiment which was 
allowed to proceed for 24 hours. It had b. p. 60°/14 mm., ?" 1-4870, and was identified as 
before. The other two products were the same. 

(3) 3-0 C.c. of pulegone were passed over a column of the same catalyst at 300°. The 
evolution of hydrogen corresponded to 55% dehydrogenation. The product was separated into 
p-cymene (0-15 g.), b. p. 61°/14 mm., nu?” 1-4870, identified as before, and a high fraction 
(2-0 g.), b. p. ca. 112°/165 mm. This gave 1-66 g. (59%) of thymol, m. p. 52°, and 11% of 
dl-isomenthone (semicarbazone, m. p. 210°). 

Carvone.—The commercial ketone was distilled, and the fraction of b. p. 90—95°/10 mm. 
converted into semicarbazone (m. p. 162°). The physical constants of the regenerated ketone 
were in excellent agreement with those in the literature: B. p. 229°, n2” 1-4995, 42” 0-9600, 
[a]p + 58-12°. 

In the following experiments, 3-0 c.c. of carvone were heated to the temperature named 
with 10% of palladised charcoal-d. In no case was any detectable quantity of hydrogen evolved. 


Temperature — .........ceeeeeceeeeeeeeees 228° 230° 150° 95° 20° 

Time (hours) ........cccceccccssesesseee 2 12 24 72 12 

Yield of carvacrol, % ............00+. 81 95 59 1 trace 
The product in each case was washed out of the apparatus with light petroleum, and the 
carvacrol extracted from the solution with 50% aqueous sodium hydroxide (carvacrol cannot 
be extracted from an ethereal solution in this way). The carvacrol was then liberated by acid- 
ification and isolated by means of ether. In experiment 1, 2-43 g. were obtained, n?" 1-5223. 
In all cases the carvacrol was identified as follows: An ice-cold solution of 1 part of carvacrol 
in 4 parts of alcoholic hydrogen chloride, saturated at 0°, was treated with a concentrated aqueous 
solution of sodium nitrite. The 4-nitrosocarvacrol, so formed, melted at 153° after crystallis- 
ation from alcohol. 

Dihydrocarvone.—This was prepared by reducing carvone with zinc and alkali, following 
Wallach and Schrader (Amnalen, 1894, 279, 377). It had b. p. 221°, n° 1-4713, d?° 0-9247, 
[«]p —14-78°. These physical constants agree closely with those found by Wallach (Amnalen, 
1893, 275, 116). 

(1) 3-0 C.c. .of dihydrocarvone were boiled for 3 hours with 10% of palladised charcoal-d. 
Hydrogen corresponding to 92% dehydrogenation was evolved. The product was worked up 
as described above for carvone, and yielded 80% of carvacrol, identified as the 4-nitroso- 
derivative. 

(2) In similar experiments performed at 175°, carvacrol was also formed, although slowly. 
The yields were 19% in 7-5 hours and 37% in 22 hours. Owing to the large amount of un- 
changed material, the saturated ketone, which was presumably formed at the same time, was 
not isolated. 

Carvomenthone.—Twice fractionated d-carvone was hydrogenated, palladised charcoal-d 
and then Adams’s catalyst being used. The first 3 1. of hydrogen were taken up very rapidly, 
but the rate then fell off and the theoretical quantity (6-1 1.) was absorbed only after 48 hours. 
The product was freed from a’small quantity of carvacrol by means of 50% aqueous potassium 
hydroxide. It had b. p. 222°, n° 1-4554, 4?" 0-900 (compare Wallach, Annalen, 1893, 277, 
135), and yielded the semicarbazone, m. p. 195°, described by Baeyer (Ber., 1895, 28, 1601). 

Dehydrogenation over 10% of palladised charcoal-d, for 2 hours at the b. p., yielded 18% 
of hydrogen and 15% of carvacrol, isolated and identified as before. 

Menthone.—45 G. of /-menthol, m. p. 43°, were oxidised with 60 g. of potassium dichromate, 
50 c.c. of concentrated sulphuric acid, and 300 c.c. of water. ‘The menthone had b. p. 204°, 
n® 1-4510, 42” 0-8960, and yielded a semicarbazone, m. p. 179°. 

When it was boiled with palladised charcoal-d (10%); the b. p. rapidly rose to 222°. After 
2-5 hours the evolution of hydrogen corresponded to 98% of the theoretical for complete 
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dehydrogenation to thymol. The product was worked up as described above for the products 
from pulegone. Crystalline thymol was isolated in 84% yield. ‘ 

Camphor.—The commercial ketone was sublimed to constant m. p. 178°. It was com- 
pressed into small pellets, which were introduced into a broad glass tube terminated by a small 
bulb. Through this bulb was fused a thin tube, by means of which hydrogen could be passed 
to assist in the sublimation of the camphor. The other end of the broad tube led by means of 
a ground joint to the tube containing the catalyst. Apart from this, the apparatus resembled 
that used in previous work for vapour-phase dehydrogenation. The catalyst tube was heated 
by means of an electric furnace, wired so as to give a temperature constant throughout its 
length to 2°. The temperature was read by means of a thermocouple. The catalyst was , 
heated to 250° and the camphor was slowly sublimed in a slow stream of hydrogen. It collected 
unchanged at the far end of the apparatus. The experiment was repeated at 320° and at 420° 
with the same negative results. 





We thank the Chemical Society and the Royal Society for grants. 
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211. Use of the Benzyl Radical in Syntheses of Methylated Sugars. 
Part II. 4:6-Dimethyl Galactose. 
By J. S. D..Bacon, D. J. BELL, and J. LoRBER. 


The synthetic preparation of 4 : 6-dimethyl galactose is described. The properties 
of the new sugar show that the dimethyl galactose isolated from methylated damson 
gum by Hirst and Jones (J., 1939, 1482) is not the 4 : 6-derivative. 
























SoME time ago Professor E. L. Hirst informed us privately, in advance of publication, 
that experiments in his laboratory on the structure of damson gum had led to the isolation 
of a crystalline dimethyl galactose. From the evidence at that time available this was 
considered to be the 4 : 6-dimethyl derivative (see Hirst and Jones, J., 1939, 1482). At 
Professor Hirst’s invitation we commenced experiments on the synthesis of this sugar with 
a view to assisting in its identification, but, despite varied methods of approaching the 
problem, we failed to obtain a crystalline compound displaying the properties of the 
substance isolated at Bristol. The reason for this became apparent when Hirst and Jones 
informed us that, as a result of further examination of their sugar, they had obtained a 
final proof that it was in fact the 2: 4-derivative already described by Baldwin and Bell 
(J., 1938, 1461) and by Smith (J., 1939, 1724) (see Hirst and Jones, forthcoming paper). 
The synthesis of 4: 6-dimethyl galactose about to be detailed follows closely in its 
development the preparation of the corresponding glucose derivative as described by 
Bell and Lorber (Part I, this vol., p. 453). 2:3-Diacetyl 4:6-benzylidene $-methyl- 
galactoside (I) was converted into the 2: 3-dibenzyl derivative (II) by the procedure of 
Zemplén, Csiirés, and Angyal (Ber., 1937, 70, 1848). This substance, on mild acid 
hydrolysis, yielded 2 : 3-dibenzyl 6-methylgalactoside (III), which was methylated to give i 
the 4 : 6-dimethyl derivative (IV). The action of metallic sodium and alcohol on the last ‘ 
substance eliminated the benzyl radicals, forming 4 : 6-dimethyl B-methylgalactoside (V), 
from which the free, crystalline sugar was obtained after hydrolysis with mineral acid. 
In addition to the evidence afforded by the method of synthesis, proof of the con- 
stitution of the new sugar was obtained as follows: (1) Methylation of the glycoside 
(V), followed by acid hydrolysis, yielded 2:3: 4:6-tetramethyl galactose, which was 
identified as the crystalline anilide. The sugar is therefore derived from galactose. 
(2) Treatment of the sugar with phenylhydrazine yielded 4 : 6-dimethyl galactosazone 
identical with that prepared from 2 : 4 : 6-trimethyl galactose (see Percival and Somerville, 
J., 1937, 1617; Bell and Williamson, J., 1938, 1196; Hirst and Jones, Joc. cit.). The 
two methyl groups must occupy positions 4 and 6 and there can of course be no substitution j 
of position 2. 
(3). Tosylation of (V) yielded the 2 : 3-dertvative (VII), which, unexpectedly, could not 
4@ 
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be crystallised. Treated with sodium iodide and acetone (Oldham and Rutherford, 
J. Amer. Chem. Soc., 1932, 54, 366), the material was recovered unchanged. From 


PhHC-0-CH, PhHC: > yim 
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(IX.) Ce ) 
(Bl = CH,Ph; Ts = SO,°C,H,. With the exception of VII, all these substances crystallised.) 


2: 3-ditosyl 4: 6-benzylidene 8-methylgalactoside (VIII), crystalline 2 : 3-ditosyl B-methyl- 
galactoside (IX) was obtained. On methylation this yielded a product identical with (VII). 
Evidence is thus afforded that a methyl group occupies position 6. 

(4) When the new sugar was dissolved in cold methyl alcohol containing hydrogen 
chloride, a pronounced rise in the specific rotation was observed, indicating that furanoside 
formation was not taking place and that a methyl group must occupy position 4. 


EXPERIMENTAL. 


Solvents were evaporated under reduced pressure. Rotations were measured in chloroform 
solution in a 2 dm. tube, unless otherwise stated. 

2: 3-Dibenzyl 4: 6-Benzylidene B-Methylgalactoside (II).—10-5 G. of 2: 3-diacetyl 4: 6- 
benzylidene 6-methylgalactoside (Miiller, Méricz, and Verner, Ber., 1939, 72, 745) were treated 
with 100 ml. of benzyl chloride, as described by Bell and Lorber (loc. cit.); 125 ml. of xylene 
were used, and the heating continued for 3 hours. The greater part of the aromatic constituents 
were removed by steam-distillation and the solid that separated was filtered off (14-5 g.) and 
recrystallised from aqueous alcohol; m. p. 132-5—133-5°, [a]??* + 50-2° (c = 7) (Found: 
C, 73-1; H, 6-7; OMe, 6-8. C,,H,,O, requires C, 72-7; H, 6-5; OMe, 6-7%). 

2: 3-Dibenzyl B-Methylgalactoside (III).—14-5 G. of (II) were. dissolved in 85 ml. of 
n-hydrochloric acid—acetone (1: 20) and refluxed for 3 hours until a constant polarimetric 
measurement was attained. Water and potassium bicarbonate were added and the benzal- 
dehyde was removed by steam-distillation. The aqueous suspension was then extracted five 
times with chloroform. _ The chloroform extract dried over anhydrous sodium sulphate and 
evaporated to dryness, yielded 6-5 g. of asyrup. This later crystallised and was rec 
from light petroleum (b. p. 60—80°)-ether; m. p. 70—71°, [a]}* + 10-6° (c = 4) (Found: 
C, 67-9; H, 6-9; OMe, 8-7. C,,H,,O, requires C, 67-4; H, 6-95; OMe, 8-3%). 

2 : 3-Dibenzyl 4: 6-Dimethyl B-Methylgalactoside (IV).—12 G. of (III) were methylated 
with Purdie’s reagents. After the third methylation the syrup obtained was distilled 
(230—235°/0-05 mm.) in two fractions. The first crystallised after a day at —10° and was 
recrystallised from light petroleum (b. p. below 40°); needles separated at —10° (Found: 
OMe, 20%). The second fraction had OMe, 17%. 

The whole of the material was methylated again, giving a mixture of crystals and syrup. 
By successive crystallisations from light petroleum (b. p. below 40°) a substance of constant 
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m. p. was obtained. 9-0 G. of (IV) were used for the next operation, but less than a gram was 
carefully purified. M. p. 68—69°, [«]}7" + 3-05° (c = 6-5) (Found: C, 69-1; H, 7-4; OMe, 
24-05. C,,H;,O, requires C, 68-7; H, 7-5; OMe, 23-1%). 

4: 6-Dimethyl 8-Methylgalactoside (V).—9-0 G. of (IV) were dissolved in 50 ml. of alcohol 
and 15 g. of sodium were added down a wide air-condenser, more alcohol being needed later to 
keep the contents of the flask mobile. When most of the sodium had been converted into ethoxide 
the last traces were removed by heating on the water-bath, water was added, and carbon dioxide 
passed in. Solid that separated was filtered off, and the filtrate concentrated. Addition of 
acetone and further distillation enabled most of the inorganic solid to be removed by filtration, 
and the final filtrate, taken to dryness, was partitioned between water and benzene. The 
aqueous layer, five times extracted with benzene, was taken to dryness. The benzene layer, 
after extraction with an equal volume of water, was dried over anhydrous sodium sulphate and 
also evaporated to dryness. It yielded 2 g. of a syrup, which was again treated with sodium in 
alcohol, and isolated as above. The material from the aqueous layers crystallised (2-5 g.). 
Difficulty was experienced in the purification of the crystals, but after fractional distillation in a 
high vacuum a homogeneous product was obtained. It crystallised from dry ether in needles, 
m. p. 140°, [«]?” — 41-5° (c = 4) (Found: C, 48-2; H, 8-2; OMe, 41-0. C,H,,0, requires 
C, 48-6; H, 8-1; OMe, 41-9%). 

2 : 3-Ditosyl 4 : 6-Benzylidene B-Methylgalactoside (VIII).—3 G. of 4 : 6-benzylidene B-methyl- 
galactoside were dissolved in the minimum quantity of pyridine, 6 g. of p-toluenesulphonyl 
chloride added, and the mixture left at 38° for 2 days. After addition of water the solid crystal- 
lised and was filtered off and washed with water and alcohol. Yield, 5 g., recrystallised from 
alcohol-acetone; m. p. 168—170°, [a]? + 29-5° (c = 3) (Found: C, 57-05; H, 5-04; S, 
11-15; OMe, 5-3. C,H 590,95, requires C, 59-6; H, 5-1; S, 10-8; OMe, 5-25%). 

2 : 3-Ditosyl B-Methylgalactoside (IX).—5 G. of (VIII) were refluxed with 165 ml. of acetone, 
50 ml. of water, and 10 ml. of n-hydrochloric acid until there was no further polarimetric change. 
Barium carbonate was added to neutralise the acid, solid material filtered off, and the filtrate 
concentrated. Chloroform was added to the concentrate and after separation was washed 
several times with potassium bicarbonate solution and water. When dried over anhydrous 
sodium sulphate and evaporated to dryness, it yielded a gelatinous mass. This was soluble 
in alcohol, benzene, acetone, chloroform and ethyl acetate, sparingly soluble in ether, light 
petroleum, and water. Crystallisation from alcohol resulted in the recovery of 1-3 g. of (V), 
m. p. 168—169°, and from the mother-liquors the substance itself was obtained. Yield, 1-7 g. 
of needles, recrystallised from acetone-light petroleum (b. p. 60—80°), m. p. 149—150°, 
[a}}” + 18-4° (c = 2-4) (Found: C, 49-95; H, 5-1; S, 13-3; OMe, 6-2. C,,H,,0,,S, requires 
C, 50-2; H, 5-2; S, 12-75; OMe, 6-2%). 

2: 3-Ditosyl 4: 6-Dimethyl 8-Methylgalactoside (VII).—1-6 G. of (IX) were methylated 
three times with Purdie’s reagents. The product failed to crystallise. It was treated with 
charcoal in ethereal solution and dried (Found: OMe, 17:12. C,3H 30,95, requires OMe, 
17-5%). 

The properties of this substance was compared with that prepared by tosylation of (V) 
(see below). 

Tosylation of (V).—0-22 G. of (V) was dissolved in the minimum quantity of pyridine, and 
0-8 g. of tosyl chloride added. After 40 hours at 38° water was added, and the substance 
extracted with benzene. The benzene solution was washed with acid and alkali and dried before 
evaporation to dryness. The product failed to crystallise. The syrup was again treated with 
fresh reagents, but no crystalline material was obtained (Found: OMe, 17-0. Cy3H 9019S, 
requires OMe, 17-5%). 

The rotations of the two substances were +5° (c = 1-76) from (V) and +6° (c = 2-34) from 
(IX). 

Neither substance, when treated with sodium iodide in acetone at 100° under the usual 
conditions, gave any evidence of replacement of tosyl by iodine. 

4: 6-Dimethyl a-Galactose (V1).—1-25 G. of (V) were hydrolysed with 50 ml. of n-hydro- 
chloric acid. The solution was heated in a water-bath and hydrolysis was complete after 
2 hours. The acid was neutralised with lead carbonate, acetone (2 vols.) added, and the solid 
filtered off. The filtrate, when evaporated to dryness (below 70°), gave a residue, which was 
exhaustively extracted with ethyl acetate containing a little alcohol. When this was con- 
centrated the sugar began to crystallise (0-6 g.); recrystallised from ethyl acetate containing 
alcohol, it had m. p. 131—133° (Found: C, 45-6; H, 7-6; OMe, 29-4. C,H,,O, requires 
C, 46-15; H, 7-7; OMe, 29-8%). 
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A solution of 0-2445 g. of the sugar in 10 ml. of water displayed the following optical 


2-5 6-0 10 15 22 30 895 1135 
+133° +131-7° +130-1° +129-0° +127-0° +124-2° +4121-9° +76-9° +76-9° 
(The zero value was obtained by extrapolation.) 


0-12 G. of the sugar, dissolved in 10 ml. of acid (1%) methyl alcohol, showed [«]??” rising 
from +58° to +87-5° in 30 hours. The solution was then boiled under reflux for 3 hours and 
neutralised with silver carbonate, and the residue after removal of the solvents methylated 
twice with Purdie’s reagents (n}* 1-4481). The glycosidic methyl group was removed by 
hydrolysis with n-hydrochloric acid, and 0-08 g. of the sugar so obtained refluxed with absolute 
alcohol and 0-2 ml. of aniline for an hour. Crystals of the anilide separated on cooling, m. p. 
196—197°, mixed m. p. with authentic 2: 3: 4: 6-tetramethyl galactose anilide, 196—197°. 

The osazone of the sugar was prepared in the usual way and obtained in good yield. After 
two recrystallisations it had m. p. 160—162°, mixed m. p. with authentic 4 : 6-dimethyl galacto- 
sazone 160—161°. The mutarotation of the compound confirms its identity : 


3 hrs. 23 29 47 71 95 119 143 
+51-0° +40-0° +35-5° +19-0° +16:5° +05° —10-5° —16-3° —21-3° —21-0° 


Attempts were made to prepare an anilide by the usual methods, but in all three cases the 
product was not crystalline and, in fact, appeared to contain no aniline. It was not found 
possible to recover the sugar from the reaction mixture. 


THE BIOCHEMICAL LABORATORY, CAMBRIDGE. [Received, July 9th, 1940.) 





212. The Decomposition of p-Hydroxybenzenediazonium Salis by 
Alcohols. 


By HERBERT H. HopcGson and CLiFForD K. Foster. 


Cameron’s observation (Amer. Chem. J., 1898, 20, 229) that p-hydroxybenzene- 
diazonium chloride gives phenol when decomposed with methyl or ethyl alcohol has 
been confirmed. It has been shown, however, that pp’-azophenol also is formed, in 
greater amount than phenol in this reaction but in smaller amount when zinc oxide is 
present. Sodium methoxide produces a similar decomposition. The stable double 
compound of zinc chloride and p-hydroxybenzenediazonium chloride gives almost 
identical results. The corresponding compound of -methoxybenzenediazonium 
chloride resists decomposition in the same circumstances. When bromine is present 
during the first-named decomposition, 2: 4: 6-tribromophenol and bromoanil are 
the only products isolable. 


Durinc a study of the influence of substituent groups on the decomposition of diazonium 
salts by methyl and ethyl alcohols, Cameron (Amer. Chem. J., 1898, 20, 229) found that 
o- and #-hydroxybenzenediazonium chlorides both gave phenol as the main product, 1.¢., 
the diazo-group was replaced by hydrogen. This anomalous effect of phenolic hydroxyl, 
particularly with respect to methyl alcohol, is contrary to all other experience of its reactivity, 
since it here promotes the formation of the same product as would a nitro-group, and no 
longer behaves like other op-directing groups, which favour replacement of the diazo- 
by the alkoxy-group. 

Cameron’s results, so far as they went, have been confirmed. The amount of phenol 
obtained from p-hydroxybenzenediazonium chloride is, however, less than 40%, and the 
considerable amount of tar remaining after removal of the phenol by stream-distillation is 
mainly pp’-azophenol. This tar, after treatment with excess of alkali and methyl sulphate, 
gives a trace of p-dimethoxybenzene on steam-distillation. 

It appears, therefore, that the primary decomposition product of p-hydroxybenzene- 
diazonium salts by alcohols is phenol, and that the formation of pp’-azophenol is due to its 
coupling with undecomposed diazonium salt. The velocity of coupling must be much 
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slower than the rate of formation of phenol, since ca. 40% of phenol remains after 
decomposition is complete. To test this conclusion, the decomposition was carried out in 
presence of bromine: the sole products isolated were 2: 4: 6-tribromophenol (87-3%) 
and bromoanil (6-3%), it thereby being shown that the rapid bromination of phenol had 
prevented coupling. The bromoanil was doubtless formed by further bromination and 
oxidation of the tribromophenol. 

When the hydrochloric acid formed during the reaction is destroyed by the addition 
of zinc oxide, the yield of phenol is raised to 60%, which is in accord with previous experience 
(cf. Saunders, ‘‘ The Aromatic Diazocompounds and their Technical Applications,’ 1936, 
p. 153). A probable explanation is that the removal of the hydrochloric acid accelerates 
the decomposition of the diazonium salt and phenol is produced much more rapidly than 
before, whereas its rate of coupling with unchanged diazonium salt is probably unaltered. 
Paradoxically, a similar result is obtained when excess of hydrogen chloride is introduced 
into the system : this is obviously due to inhibition of coupling either by repression of ionis- 
ation of the phenolic hydroxyl or more probably by partial oxonium salt formation at this 
group, whereby the oxygen acquires a positive charge and coupling is prevented (I). 


e, # lip 
Ci{eO->N,'C,H,OH Cl{eO>N,°C,H,OH 


8 
G; 
® N,} Cle 3+ 


(II.) (II1.) 


Oxonium salt formation at the phenolic hydroxyl is probably the reason why this group 
behaves like a nitro-group in the decomposition now discussed. Since phenol is formed 
in the decomposition whether the alcoholic medium is acid, neutral, or alkaline, and whatever 
be the nature of the alcohol, there must be a cause for its formation independent of these 
reagents. Further, for replacement of the diazo-group by hydrogen to occur, the attached 
aromatic carbon atom must have an electrically positive bias (8+-) similar to that given by 
the nitro-group when a nitro-diazonium salt is decomposed by alcohol. Since the free 
phenolic hydroxyl would give an electrically negative bias (8—), it cannot be free but must 
be part of an oxonium salt, and the electrons of the o- and #-carbons atoms in the attached 
nucleus are attracted towards it, leaving the carbon atom with an incipient positive charge. 
Such a possibility of oxonium salt formation is envisaged in Karrer’s theory of coupling 
(Ber., 1915, 48, 1938), and in the case now considered the salt formation may be depicted 
as in (II). Evolution of nitrogen from the free diazonium group of this complex would 
transiently leave the attached carbon with a positive bias (8+-) (III), which apparently 
has to be sufficient in intensity to cause oxidation of the alcohol, the carbon atom acquiring 
hydrogen therefrom. 

As it was found much more convenient to work with the stable double compound of 
zinc chloride and #-hydroxybenzenediazonium chloride than with the unstable chloride, 
decompositions were carried out with this double compound and alcohols (methyl, ethyl, 
and ¢ert.-butyl). The results were practically identical with those given by Cameron’s 
procedure. 

The intensity of the above positive bias is apparently considerably decreased in the case 
of the stable double compound of zinc chloride and #-methoxybenzenediazonium chloride, 
since this fails to react with methyl alcohol alone, although, when zinc dust is added, 
anisole is formed. 

EXPERIMENTAL. 


The Double Compound of p-Hydroxybenzenediazonium Chloride and Zinc Chloride—A paste 
of p-aminophenol hydrochloride (29-1 g.; 0-2 g.-mol.), hydrochloric acid (30 c.c., d 1-16), and 
water (15 c.c.) was stirred and treated dropwise below 5° with sodium nitrite (14 g.; 0-2 g.-mol.) 
in the minimum quantity of-water until diazotisation had taken place. The dark violet solution 
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was filtered and treated at 0° with zinc chloride (15 g.; 0-2 g.-mol. + 10% excess), and the 
mixture kept for 45 minutes with occasional stirring. The greyish crystals of the double com- 
pound were filtered off, washed with alcohol—ether (1 : 1) and with ether, and dried at 50°. A 
further crop obtained by salting-out the filtrate was contaminated with ca. 5% of sodium chloride. 
The double salt was stable when dry (Found: Cl, 31-8. Calc. for 20OH°C,H,’N,Cl,ZnCl, : 
Cl, 31-6%). 

Decomposition of the Double Compound with Methyl and Ethyl Alcohols.—The double com- 
pound (14-4 g., equivalent to 10-0 g. of p-hydroxybenzenediazonium chloride) was refluxed for 
12 hours with methyl alcohol (80 c.c.); the deep red solution was then diluted with an equal 
volume of water and steam-distilled until a test portion of the distillate gave no precipitate with 
bromine water. The steam-distillate was made up to a known volume with water, and the 
phenol therein estimated both volumetrically by the bromide—bromate method and gravi- 
metrically by precipitation as tribromophenol. The tar which separated in the steam-flask on 
cooling was filtered off, and a further crop obtained by evaporation of the filtrate to small bulk. 
The experiment was repeated with ethyl in place of methyl alcohol. 

Decomposition of the Double Compound with Methyl Alcohol in Presence of Zinc Oxide.— 
Hydrochloric acid was produced during the above decomposition. In another experiment, its 
effect on the reaction was nullified by mixing zinc oxide (3 g.) with the double compound. 
When the products of decomposition were poured into water, a brown precipitate was obtained. 
The filtrate from this was distilled in steam : no tar remained in the steam-flask, but on evapor- 
ation of the orange liquid to small bulk some tar was produced. The experiment was repeated 
with ethyl alcohol, and similar results obtained. 

Conversion of the Tar and the Brown Solid into pp’-Azophenol Diacetate.—A solution of the 
tar (1 g.) in 20% aqueous sodium hydroxide (30 c.c.) was diluted with water to 250 c.c. and 
neutralised at 0° (ice in liquid) with 10% hydrochloric acid. The brown precipitate was filtered 
off, washed with water to remove sodium chloride, dried at room temperature, and refluxed 
for 2 hours with acetic anhydride (20 c.c.); it dissolved completely. The solution was poured 
into water (250 c.c.) or filtered hot and allowed to crystallise. The yields of pp’-azophenol 
diacetate in various experiments exceeded 90%, calculated on the tar taken. The brown solid 
from the zinc oxide—alcohol decomposition was converted directly into pp’-azophenol diacetate 
by refluxing with acetic anhydride. The diacetate crystallised from glacial acetic acid in fine 
yellow needles, m. p. 198° (Lauer, Klug, and Harrison, J. Amer. Chem. Soc., 1939, 61, 2775, give 
m. p. 198°; cf. Willstatter and Benz, Ber., 1907, 40, 1578), which were insoluble in cold aqueous 
sodium hydroxide (Found : N, 9-3. Calc. for C,,H,,O,N,: N, 9-4%). 

Conversion of the Tar into Tetrabromo-pp’-azophenol.—A solution of the purified tar (2 g.) 
and sodium acetate (3 g.) in glacial acetic acid (130 c.c.) was stirred and treated dropwise with a 
solution of bromine (3 g.) in glacial acetic acid (50 c.c.) during 30 minutes. The dark-coloured 
precipitate was filtered off and crystallised four times from glacial acetic acid; it then melted at 
274°, confirming the result of Lauer, Klug, and Harrison (Joc. cit.) (Found: Br, 60-2. Calc. for 
C,,H,O,N,Br,: Br, 60-4%). Tetrabromo-pp’-azophenol diacetate, prepared from the above 
product, crystallised from glacial acetic acid in yellow plates, m. p. 262° (Lauer, Klug, and 
Harrison give m. p. 263—264°). 


Decomposition Results : 


% Brown Y% Total products 
Decomposition set . , solid. accounted for. 
Methyl alcohol ...... saepeesel _ 
Methyl alcohol + zinc oxide : 13-9 
Ethyl alcohol . phoksincebiuce — 
Ethyl alcohol + zinc oxide. sidrcdignces . . 17-6 


Decomposition of the Double Compound with Sodium Methoxide.—Sodium (3-5 g.) was dis- 
solved in methyl-alcohol, and the double compound (14-4 g.) added in small portions to the cold 
solution; a vigorous reaction occurred with evolution of nitrogen and rise of temperature. The 
product was diluted with water and treated at 0° with excess of 2n-hydrochloric acid to dissolve 
zinc hydroxide and to precipitate pp’-azophenol (4:8 g., which on acetylation afforded 
pp’-azophenol diacetate in yellow needles, m. p. 198°). The filtrate was steam-distilled to remove 
the phenol; the distillate afforded 4-7 g. of 2: 4: 6-tribromophenol, corresponding to a yield 
of 21-8% of phenol. Total products, 92-2%. 

Decomposition of the Double Compound with tert.-Butyl Alcohol, alone, and in Presence of 
Zinc Dust.—tert.-Butyl alcohol (30 c.c.) at 30° was mixed with the double compound (7-2 g.) and 
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refluxed for 12 hours. Decomposition occurred very slowly, and long before completion the 
mixture was poured into an equal volume of water and steam-distilled. The distillate contained 
phenol, and the non-volatile matter consisted mainly of pp’-azophenol. The decomposition was 
repeated with the addition of zinc dust (2-1 g.); it appeared to be complete in 90 minutes and 
gave phenol (35-7%) and pp’-azophenol (58-5%). 

In another experiment the evolved gas was passed through an aqueous methyl-alcoholic 
solution of p-nitrophenylhydrazine and then collected over water ; it was sweet-smelling, burned 
with a luminous flame, and decolorised both bromine water and alkaline permanganate. The 
same gas was obtained in a blank experiment with /ert.-butyl alcohol, and appeared to be 
isobutylene. No hydrazone was formed. 

Decomposition of the Double Compound by Methyl Alcohol in Presence of Bromine.—The double 
compound (7-2 g.) was added in portions of ca. 1 g., with shaking, to a solution of bromine 
(6-5 c.c.) in methyl alcohol (100 c.c.); the mixture became warm and nitrogen was evolved. 
The reaction was completed by heating under reflux for 2 hours, bromoanil separating from the 
clear solution. On cooling, more bromoanil separated (total weight, 0-87 g.) (m. p. and mixed 
m. p. with an authentic specimen, 300°). The filtrate was poured into water; the precipitated 
2:4: 6-tribromophenol weighed 9-2 g. No other products were found. -The amount of the 
double compound accounted for was 93-6%. 


The authors thank Imperial Chemical Industries, Ltd. (Dyestufis Group), for gifts of chemicals. 
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213. The Acetylation of d--Ephedrine and 1-Ephedrine. 
By WILLIAM MITCHELL. 


Acetyl-d-y-ephedrine and acetyl-l-ephedrine have been prepared. Since these 
readily yielded nitroso-derivatives, they are shown to be O-acetyl compounds; acetyl- 
d-f-ephedrine had previously been regarded as the N-acetyl derivative (Schmidt, 
Arch. Pharm., 1914, 252,111). The equilibrium between /-ephedrine and d-y-ephedrine 
on heating with hydrochloric acid is discussed with particular reference to the hydrolysis 
of the acetylephedrines. 


ACETYL-d-s)-EPHEDRINE was prepared by Schmidt and Calliess (Arch. Pharm., 1912, 250, 
154) by the vigorous acetylation of the hydrochloride of either /-ephedrine or d-s-ephedrine ; ; 
it was then assumed to be the N-acetyl derivative. Further work by Schmidt (sbid., 
1914, 252, 111) claimed to confirm this structure. By gentle acetylation of the correspond- 
ing bases it has now been found possible to prepare both acetyl-d-y-ephedrine and acetyl- 
l-ephedrine. On treatment with nitrous acid these readily yield the corresponding nitroso- 
acetylephedrines (I), so the acetylephedrines must now be regarded as O-acetyl compounds 
(II). Nitrosoacetyl-d-y-ephedrine yielded nitroso-d--ephedrine on gentle hydrolysis; 
the latter was also prepared directly from the alkaloid, as was nitroso-l-ephedrine. The 
two nitroso-compounds readily gave the corresponding alkaloids on hydrolysis, though 
Schmidt and Calliess (loc. cit.) stated that both alkaloids gave the same nitroso-derivative, 
which yielded d-y-ephedrine on hydrolysis. The compound described by Schmidt (loc. cst.) 
as ‘‘ phenylmethylacetylaminobromopropane,” and which played an essential part in 
his argument for the N-acetyl structure, has been shown to be O-acetyl-d-p-ephedrine 
hydrobromide. 

l-Ephedrine and d-sp-ephedrine are known to be mutually interconvertible on heating 
with hydrochloric acid (Schmidt, ibid., 1908, 246, 210, etc.; Spath and Géhring, Monatsh., 
1920, 41, 319). In view of the commercial importance of the conversion of d-sp-ephedrine 
into its more useful isomer (which can readily be effected by at least one unpublished 
and several patented methods of quite different nature) it seems unfortunate that the 
hydrochloric acid method should appear so frequently in the literature without its being 
made sufficiently clear that it is much more easy so to convert /-ephedrine into d-p-ephedrine 
than to effect the more important reverse reaction. The hydrolysis of the acetylephedrines 
illustrates this. Acetyl-d-y-ephedrine readily yields d-ys-ephedrine on either acid or alkaline 
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hydrolysis, but acetyl-/-ephedrine gives /-ephedrine only on hydrolysis with alkali; even 
with quite dilute (4%) hydrochloric acid the product consists of a mixture of /-ephedrine 
and d--ephedrine. 


(I.) CHPh(OAc)“CHMe-NMe:NO CHPh(OAc)-CHMe-NHMe (IL.) 


EXPERIMENTAL. 


Acetylation.of the Ephedrines.—The base (20 g.) in acetic anhydride (18 ml.) was maintained 
at 70° for 10 minutes. The acetylated product was extracted by chloroform after dilution with 
water and basification with sodium hydroxide. .Acetyl-d-4-ephedrine formed colourless prisms 
from 45% aqueous alcohol, m. p. 103—104° (corr.) (Schmidt and Calliess gave m. p. 101°), 
[a]#” + 110-0° (c, 5-0 in absolute alcohol) (Found: C, 69-6; H, 7-9; N, 7-0. Calc. for 
C,,H,,0,N : C, 69-6; H, 8-2; N, 6-8%); yield, 86%. Salts were made by direct neutralis- 
ation, etc. The hydrochloride formed colourless, tabular prisms from alcohol-ether, m. p. 
187° (corr.), [«]}” + 99-5° (c, 5-0 in water) (Schmidt and Calliess gave m. p. 176°, [a]? + 96-8°) 
(Found: C, 59-5; H, 7-5; N, 5-9; Cl, 14:0. Calc. for C,,H,,O,N,HCl: C, 59-1; H, 7-4; 
N, 5-8; Cl, 14-6%). The hydrobromide formed colourless, tabular prisms from alcohol-ether, 
m. p. 181—182° (corr.), [a]? + 82-0° (c, 5-0 in water) (Found: C, 50-2; H, 6-6; N, 5-2; 
Br, 28-1. C,,H,,O,N,HBr requires C, 50-0; H, 6-3; N, 4:9; Br, 27-8%). 

Acetyl-l-ephedrine formed large, colourless, tabular crystals from 45% aqueous alcohol, 
m. p. 52° (corr.), [a]3” + 5-0° (c, 5-0 in absolute alcohol). This material lost 15-4% of its weight 
on drying at 100°, and appeared to be the dihydrate. It effloresced on exposure to a warm, 
dry atmosphere; the resultant white powder was anhydrous, m. p. 87° (corr.), [a]? + 7-0° 
(c, 5-0 in absolute alcohol) (Found: C, 70-0; H, 8-1; N, 6-8. C,,H,,0O,N requires C, 69-6; 
H, 8-2; N, 6-8%); yield, 80%. Numerous attempts to prepare the hydrochloride and hydro- 
bromide gave ill-defined products contaminated with acetyl-d-y-ephedrine simultaneously 
formed by the action of the acids. 

Nitrosoacetylephedrines.—The acetylephedrine base (5 g.) in 10% hydrochloric acid (20 ml.) 
was treated at room temperature with sodium nitrite (3-5 g.) in water (20 ml.). An almost 
colourless oil rapidly separated ; after 12 hours it was extracted with ether and dried over sodium 
sulphate, and the solvent removed. The syrupy residue rapidly crystallised. 

Nitrosoacetyl-d--ephedrine formed colourless, felted needles from 45% aqueous alcohol, 
m. p. 51—52° (corr.), [a]? + 148-0° (c, 5-0 in absolute alcohol) (Found: C, 61-2; H, 6-8; 
N, 12-2. C,,;H,,O;N, requires C, 61-0; H, 6-8; N, 11-9%); yield, 63%. This product (3 g.) 
was refluxed for 4 hour with 5% aqueous sodium hydroxide (20 ml.). After the liquid had been 
almost neutralised with hydrochloric acid, the product was extracted with ether and dried 
over sodium sulphate, and the solvent removed. The syrupy residue (2-4 g.) rapidly crystallised 
on cooling; yield, 99%. It formed yellow prisms from warm ether, m. p. 86° (corr.), not 
depressed by authentic nitroso-d-y-ephedrine. 

The crude nitrosoacetyl-l-ephedrine (2-1 g.) crystallised on standing, m. p. 85° (rather 
indefinite). Recrystallisation was unsatisfactory; the material was probably contaminated 
with nitrosoacetyl-d-y-ephedrine simultaneously formed. Hydrolysis gave a product which 
separated from warm ether in colourless prisms, m. p. 88—90° (corr.), depressed by either 
nitroso-/-ephedrine (93°) or nitroso-d-y-ephedrine (86°); it was probably a mixture of the two. 

Nitrosoephedrines.—The alkaloid (5 g.) in 10% hydrochloric acid (10 ml.) was treated at 
room temperature with sodium nitrite (3 g.) in water (6 ml.). In each case, the yellow oil 
which rapidly separated was extracted with ether after 12 hours and dried over sodium sulphate, 
the solvent removed, and the residual yellow syrup, which rapidly solidified on cooling, crystal- 
lised from warm ether. Nitroso-d-y-ephedrine formed bold, yellow prisms, m. p. 86° (corr.), 
[a]? + 124-5° (c, 5-0 in absolute alcohol) (Found: C, 62-0; H, 7-1; N, 14-3. Calc. for 
C,9H,,0O,N,: C, 61-9; H, 7-2; N, 144%); yield, 70%. Nitroso-l-ephedrine formed large, 
yellow, hexagonal tablets, m. p. 93° (corr.), [«]#” + 80-5° (c, 5-0 in absolute alcohol) (Found : 
C, 62-0; H, 7:2; N, 145%); yield, 68%. Hydrolysis was effected by refluxing the nitroso- 
compound (2 g.) in alcohol (20 ml.) with concentrated hydrochloric acid (4 ml.) for 1 hour. 
After neutralisation with sodium hydroxide, the alcohol was removed, and the mixture basified 
with ammonia and extracted with ether. The residual base was converted into hydrochloride, 
and this salt recrystallised from alcohol-ether, etc. Nitroso-d-y-ephedrine thus yielded 82-5% 
of colourless needles, [«]}” + 61-0° (c, 5-0 in water), m. p. 183—184° (corr.), not depressed by 
authentic d-y-ephedrine hydrochloride, and nitroso-l-ephedrine gave 70-5% of colourless 
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needles, [a]? — 35° (c, 5-0 in water), m. p. 218° (corr.), not depressed by authentic /-ephedrine 
hydrochloride. 

“* Phenylmethylacetylaminobromopropane.’’—a-Bromo-8-methylamino-a-phenylpropane hydro- 
bromide (5 g.) was made by Schmidt's method, 5 g. of d--ephedrine hydrochloride being used. 
Recrystallised from alcohol—ether, it formed colourless prisms, m. p. 182° (corr.), [a]}” — 91-0° 
(c, 5-0 in water) (Schmidt gave — 92-7°); the substance was slightly acid to litmus. It (3 g.) 
was acetylated, as described by Schmidt, and the product crystallised from alcohol—ether, 
1-8 g. of colourless, tabular prisms being obtained, [a]? + 81-0° (c, 5-0 in water), m. p. 182° 
(corr.), not depressed by authentic acetyl-d-y-ephedrine hydrobromide, but heavily depressed 
by the original bromomethylaminophenylpropane hydrobromide (182°) from which it was 
prepared. 

Hydrolysis of Acetylephedrines.—(A) Acetyl-d-p-ephedrine. (i) Alkali. The base (2 g.) in 
alcohol (10 ml.) was refluxed for 2 hours with 10% aqueous sodium hydroxide (20 ml.). The 
resultant alkaloidal base was isolated as hydrochloride in the usual manner; yield, 65%. 
(ii) Acid. The base (2 g.) was refluxed for 2 hours with 4% hydrochloric acid, and the resultant 
alkaloidal hydrochloride isolated; yield, 97-4%. In each case the product separated from 
alcohol—ether in colourless needles, {«]?” + 61-0° (c, 5-0 in water), m. p. 183—184° (corr.), not 
depressed by authentic d-y-ephedrine hydrochloride. 

(B) Acetyl-l-ephedrine. (i) Alkali. The hydrolysis was effected as in the above case; 
yield, 75-5%. The alkaloidal hydrochloride formed colourless needles from alcohol-ether, 
[a]?” — 35° (c, 5-0 in water), m. p. 218-5° (corr.), not depressed by authentic /-ephedrine hydro- 
chloride. (ii) Acid. Hydrolysis as in the above case gave a yield of 88%. The alkaloidal 
hydrochloride separated from alcohol-ether in rather indeterminate, colourless needles, m. p. 
165—167° (corr.), [a]? + 9-0° (c, 5-0 in water) ; this was a mixture which yielded by the ordinary 
methods approximately 2 parts of l-ephedrine and 1 part of d-y-ephedrine hydrochlorides. 


LABORATORIES OF Messrs. T. AND H. Smitu, LTpD., 
EDINBURGH. [Received, April 8th, 1940.] 





214. The Minor Alkaloids of Duboisia myoporoides. Part III. 
Valeroidine. 


By WILi1AM F. MARTIN and WILLIAM MITCHELL. 


A previous statement of the chloroform solubility of valeroidine hydrobromide is 
corrected. Several new derivatives of valeroidine and its parent dihydroxytropane 
are described. Attempts to determine the positions of the hydroxyl groups in the 
latter have yielded results difficult to interpret. Thionyl chloride has been found to 
demethylate valeroidine hydrobromide to norvaleroidine. 


VALEROIDINE has already been shown to be a monossovaleryldihydroxytropane (Part I, 
J., 1937, 1821). The hydrobromide was then stated to be sparingly soluble in cold chloro- 
form. It has since been found to be extremely soluble (ca. 1 in 0-5 at 15°); its even greater: 
solubility in water probably explains why chloroform does not extract the salt from aqueous 
solution as it does the hydrobromides of tigloidine and “ base Z.”’ 

The free hydroxyl group has been acetylated, and also esterified with a second tso- 
valeryl group; in each case characteristic hydrobromides have been obtained. The parent 
dihydroxytropane has yielded a diacetyl derivative, characterised as hydrobromide; the 
same derivative has been prepared from the dihydroxytropane isolated from Peruvian 
coca leaves by Wolfes and Hromatka (Merck’s Jahresber., 1933, 47, 45). Attempts to 
determine the positions of the hydroxyl groups have been unsuccessful, any results being 
incapable of interpretation. In an attempted chlorination of valeroidine hydrobromide 
with thionyl chloride a good yield of norvaleroidine hydrobromide was obtained; valeroidine 
methiodide was readily obtained on remethylation; an oily nitroso-derivative was also 
prepared. This unexpected result appears to afford the first instance of such a demethyl- 
ation by thionyl chloride; the reaction is being further investigated with related alkaloids. 
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EXPERIMENTAL. 


Solubility of Valeroidine Hydrobromide.—10% Aqueous solutions of the hydrobromides of 
tigloidine, “‘ base Z,’’ and valeroidine yielded to an equal volume of chloroform 52, 42, and 1-5% 
respectively of the total salt present. Valeroidine hydrobromide is extremely soluble in cold 
water. 

Acetylvaleroidine.—The base (2 g.) was refluxed for 3 hours with acetic anhydride (5 ml.) ; 
the product was diluted with water and basified, and the acetyl derivative extracted with 
chloroform and converted into hydrobromide; this was obtained in colourless needles, m. p. 
197° (corr.), from alcohol-ether (Found: C, 49-3; H, 7-3; N, 4-0; Br, 21-8. C,,H,,0,N,HBr 
requires C, 49-4; H, 7-1; N, 3-8; Br, 22- 0%); yield, 92%. The salt was readily soluble in 
water and chloroform, but almost insoluble in esis 

Diisovaleryldihydroxytropane.—Valeroidine hydrobromide (5 g.) was refluxed for 3 hours 
with isovaleryl chloride (2-9 g.). The product was diluted with water, free isovaleric acid 
extracted with ether, and the base isolated as hydrobromide in the usual way. This salt formed 
colourless, prismatic needles (from alcohol-ether), m. p. 176—177° (corr.), which were very 
soluble in water, alcohol, chloroform, but sparingly in ether (Found: C, 53-4; H, 7-9; N, 3-6; 
Br, 19-5. C,,H;,0,N,HBr requires C, 53-2; H, 7-9; N, 3-5; Br, 19-7%); yield, 82%. 

Diacetyldihydroxytropane.—This was prepared in the same way as acetylvaleroidine. The 
hydrobromide formed colourless prisms, m. p. 219—220° (corr.), from alcohol—ether, which were 
very soluble in water, alcohol, and chloroform, but sparingly in ether. The m. p. was not 
depressed by the similar compound prepared from the dihydroxytropane obtained from Merck’s 
coca alkaloid. 

““ Tropene Oxide.””—Wolfes and Hromatka (loc. cit.) described the picrate of this substance, 
m. p. 277°. This preparation could not be satisfactorily repeated with either of the dihydroxy- 
tropanes. The very minute amount of picrate had an indefinite m. p. (250—280°), but repeated 
trials failed to give amounts capable of satisfactory purification. 

Attempted Chlorination of Valeroidine.—It was hoped to remove the free hydroxyl group by 
chlorination, followed by catalytic reduction. Phosphorus trichloride or oxychloride with 
chloroformic solutions of valeroidine or its hydrobromide gave only yellow, water-soluble gums. 
Thionyl chloride had no action on the free base; the following result was obtained with the 
hydrobromide :—Thionyl chloride (10 ml.) was added to valeroidine hydrobromide (1 g.); 
an effervescence, considerable heat evolution, and the production of an orange colour were 
observed; the mixture was then refluxed for 8 hours. It was poured on ice, basified with 
ammonia, and extracted with chloroform. The colourless, sytupy base thus obtained was con- 
verted into hydrobromide, which separated from alcohol-ether in colourless, pearly laminz, 
m. p. 270° (corr.), readily soluble in water, alcohol, or chloroform, but sparingly in ether. 
[x}?" + 1-0° (c, 20-0 in water) (Found: C, 46-9; H, 7-1; N, 47; Br, 25-9. C,,H,,O,N,HBr 
requires C, 46-8; H, 7-2; N, 4-6; Br, 26-0%); yield, 65-5%. That this substance was nor- 
valeroidine hydrobromide was shown by the fact that it readily gave an oily nitroso-derivative 
on treatment with sodium nitrite and dilute hydrochloric acid; this was extracted with ether, 
but did not crystallise. Also, the base extracted from the hydrobromide (0-5 g.) in methyl 
alcohol (5 ml.) was refluxed for 2 hours with methyl iodide (0-5 ml.) ; dry ether was added to the 
warm mixture to produce a faint turbidity. Crystals separated overnight, and, recrystallised 
from methyl alcohol—ether, formed colourless, six-sided laminz, m. p. 206° (corr.), not depressed 
by authentic valeroidine methiodide; yield, 60%. 

Oxidation of Valeroidine.—It was hoped that oxidation would open the pyrrolidine ring, or 
convert the secondary alcoholic into a ketonic group. The alkaloid was very resistant to 
oxidation, and was recovered unchanged and almost quantitatively after refluxing in moderately 
concentrated solution with potassium permanganate or dichromate and dilute sulphuric acid. 
Similarly, chromic acid in cold glacial acetic acid was without apparent action, though on 
warming a vigorous action resulted ; in the latter case no recognisable product could be isolated. 
The following method gave a new substance : Valeroidine (5 g.) in acetone (250 ml.) was refluxed 
for 48 hours with powdered potassium permanganate (9 g.). The liquid was filtered (suction), 
and the solvent recovered. The dark brown residue, of peculiar odour, was dissolved in chloro- 
form (50 ml.) and repeatedly extracted with dilute sulphuric acid. The acid extract was 
basified with ammonia and extracted with chloroform, and the resultant bases converted into 
hydrobromides. Fractional crystallisation of these from alcohol-ether yielded 3-5 g. of 
valeroidine hydrobromide, and 0-22 g. of norvaleroidine hydrobromide, m. p. 270° (corr.), 
not depressed by authentic material (compare preparation of nortropine from tropine; Will- 
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statter, Ber., 1896, 29, 1580). The original chloroformic solution, so extracted, was freed from 
solvent; the residue rapidly crystallised. By washing with a little cold acetone a total of 0-6 g. 
of crystalline material was obtained. It formed colourless, pearly laminz, m. p. 136° (corr.), 
from warm acetone (charcoal), [a]? — 16-6° (c, 7-4 in absolute alcohol) (Found: C, 61-1; 
H, 8-4; N, 5-6. C,,;H,,O,N requires C, 61-2; H, 8-2; N, 55%). It was neutral, almost 
insoluble in water, moderately in acetone, and readily in most other organic solvents. It did 
not yield a nitroso-derivative, and was unaltered by shaking with hydrogen and Adams’s platinum 
catalyst in aqueous alcoholic solution. 1 G. was hydrolysed with barium hydroxide (2 g.) in 
water (20 ml.) as described for tigloidine (Part I, J., 1937, 1822). The products consisted of 
isovaleric acid (0-55 g.), characterised as the ~-phenylphenacyl ester, m. p. 76° (corr.), not 
depressed by authentic material, and a crystalline base, which, after sublimation at 1 mm. and 
crystallisation from acetone-ether, gave faintly yellow, tabular crystals, m. p. ca. 200° (corr.) ; 
repeated recrystallisation failed to yield a product with a really sharp m. p. (Found: C, 55-2; 
H, 84; N, 8-9. C,H,,0,N requires C, 52-8; H, 8-2; N, 88%. C,H,,0,N requires C, 56-1; 
H, 7-6; N, 82%). The analytical figures may be partly 
feo TCA, explained by a lactone structure, whereby the original 
0 NMe (H-0-CO-CH,Pr* oxidation product would be represented by the annexed 
\cH ~—CH—CH, formula. In an attempt to open the supposed lactone ring 
the material (2 g.) was refluxed for 3 hours with absolute 
alcohol (50 ml.) containing 4% of hydrogen chloride. After removal of the alcohol, and 
dilution with water, the mixture was basified and extracted with chloroform. The resultant 
base was converted into hydrobromide, which crystallised from alcohol-ether in colourless, 
pearly laminz of norvaleroidine hydrobromide, m. p. 270° (corr.), not depressed by authentic 
material. This unexpected result is difficult to explain. 


Part of this work was carried out under the direction of the late Professor G. Barger. 


DEPARTMENT OF MEDICAL CHEMISTRY, 
UNIVERSITY OF EDINBURGH. [Received, April 8th, 1940.] 





215. The Reduction of Nitrosylsulphuric Acid by Sulphur Monoxide. 
By C. J. WILkKins. 


Further work bearing on the reduction of nitrosylsulphuric acid by sulphur 
monoxide (cf. Wilkins and Soper, J., 1939, 600) has shown that liberation of nitrogen 
is not due to reduction of nitric oxide, or to the intermediate formation of hydrazine 
or hydroxylamine. It has been found that nitrogen peroxide is reduced, though not 
irreversibly, by sulphur monoxide. The possibility of effecting the irreversible 
reduction of nitrosylsulphuric acid by sulphur compounds other than sulphur monoxide 
has been examined. 


THE reducing action of sulphur monoxide on a nitrite dissolved in sulphuric acid (nitro- 
sylsulphuric acid) was investigated by Wilkins and Soper (loc. cit.) and nitrogen was isolated 
as a product of the reduction. In a continuation of this work, an attempt was made to 
elucidate the mechanism of the reduction, and although this object was not realised, certain 
results are recorded, as the work cannot yet be completed. 

The sulphur dioxide, with which the sulphur monoxide used was mixed, reduced the 
nitrosylsulphuric acid to the violet hydroxynitrosylsulphuric acid, which rapidly decom- 
posed with the evolution of nitric oxide, so it was possible that a reaction had been occur- 
ring between sulphur monoxide and nitric oxide. Schenk (Z. anorg. Chem., 1937, 233, 385) 
has, however, reported that nitric oxide is unattacked by sulphur monoxide, and this is 
confirmed by the present observations. When sulphur monoxide and nitric oxide were 
kept in a dry bulb the latter could always be recovered within the limits of experimental 
error (Table I); hence no reduction to nitrogen had occurred in these circumstances. — 

The possible intermediate formation of hydrazine or hydroxylamine in the reduction 
of nitrosylsulphuric acid by sulphur monoxide has been examined, but experiments show 
that these substances are not intermediates because they both react with nitrosylsulphuric 
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TABLE I. 


NO admitted, g. NO recovered, g. NO lost, g. SO admitted, g. Time of standing. 
0-0253 0-0242 0-0011 (SO, only 
0-0154 0-0146 0-0008 (SO, only 
0-0188 0-0168 0-0020 0-045 
0-0198 0-0184 0-0014 0-062 
0-0138 0-0126 0-0012 0-038 
0-0276 0-0241 0-0035 (SO, only) 
0-0236 0-0212 0-0024 0-061 


acid giving nitrous oxide as well as nitrogen, and no nitrous oxide could be detected in the 
reduction of nitrosylsulphuric acid with sulphur monoxide. 

In view of the interesting nature of this reduction to nitrogen, other reductions involving 
sulphur monoxide or nitrosylsulphuric acid were examined. Nitrogen peroxide was not 
irreversibly reduced by sulphur monoxide, though the latter had been largely destroyed after 
2 hours’ contact with the peroxide (Table II). Since nitrogen peroxide is reduced (though 
only slowly under the experimental conditions) by the sulphur dioxide with which the 
sulphur monoxide was mixed, the results do not show any relationship between the weight 
of sulphur monoxide destroyed and the weight of nitrogen peroxide introduced. 


TABLE IIT. 


SO admitted, g. SO recovered, g. SO lost, g. NO, admitted, g. Time of standing, hrs. 
0-050 0-013 S 0-070 3 
0-040 0-014 . 0-034 3 
0-035 0-012 0-057 23 
0-036 0-019 ! 0-034 2 


Experiments on the reducing action of sulphur compounds other than sulphur monoxide 
on nitrosylsulphuric acid indicated that neither sodium thiosulphate nor sodium tetra- 
thionate carried the reduction below nitric oxide. Hydrogen sulphide and sodium hypo- 
sulphite each effected a small irreversible reduction accompanied by the formation of 


ammonia; although the former produced only a trace of ammonia, the latter reduced as 
much as 4% of the nitrogen to ammonia, but even so, the powerful reducing action of the 
hyposulphite ion was probably much limited by its decomposition by acid. Had sulphur 
monoxide been liberated by the action of acid on the salts used (cf. Foerster and Umbach, 
Z. anorg. Chem., 1934, 217, 175) a much greater irreversible reduction of the nitrosylsulphuric 
acid would have been expected because a considerable excess of reducing agent was used. 
The results also exclude the possibility that a decomposition of sulphur monoxide by water 
to yield hydrogen sulphide, sulphur dioxide, and thiosulphuric acid precedes the reaction 
with nitrosylsulphuric acid. 
EXPERIMENTAL. 


Reaction of Hydrazine and Hydroxylamine Sulphates with Nitrosylsulphuric Acid.—The 
reactants were contained in the limbs of a small inverted Y-tube. Each limb carried a side 
arm so that the air could be swept out by a stream of sulphur dioxide. ‘By tilting the tube the 
reactants were brought together, and the gases evolved were collected over mercury by sweeping 
out with more sulphur dioxide, which was then removed by a little concentrated alkali. Results 
of analyses of the sample to determine the relative proportions of nitrogen and nitrous oxide are 
given in Table III. In all experiments a considerable excess of nitrosylsulphuric acid was used. 


TABLE III. 
Hydrazine sulphate. Hydroxylamine sulphate. 
* 2-80 2-27 2-20 3-04 ccvisncee *- SOE 2-24 
1-93 1-97 2-83 


The fact that equal volumes of nitrogen and nitrous oxide are evolved from the reaction with 
hydrazine sulphate suggests that the Thiele reaction N,H, + 2HNO, = N, + N,O + 3H,O 
has taken place. This is usual in strongly acid solutions where an excess of nitrous acid is 
available. On the other hand, the ordinary reaction between nitrous acid and hydroxylamine, 
which yields nitrous oxide alone, has been disturbed by the particular experimental conditions 
here prevailing. 
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Action of Sulphur Monoxide on Nitric Oxide and Nitrogen Peroxide.—Two 5-l. bulbs were 
filled simultaneously with the mixture of sulphur monoxide and dioxide. One of them was an 
analysis bulb for determining the weight of sulphur monoxide available. Into the other, a 
reaction bulb, there was introduced a measured volume of dry nitric oxide from a gas burette. 
After the gases had remained together for the necessary time, air was admitted and alkaline 
peroxide run in from a tap funnel to recover unchanged nitric oxide. Since nitrogen peroxide 
cannot be manipulated over mercury, in those experiments where this gas was used, equivalent 
volumes of dry nitric oxide and oxygen were introduced, first into a small combination tube and 
then into the reaction bulb containing sulphur monoxide and dioxide. The combination tube 
was necessary because nitric oxide and oxygen combine but slowly at the low pressure used (40 
mm.). In the experiments of Table II the procedure was similar except that 5n-alkali was run 
into both bulbs simultaneously, to absorb the sulphur monoxide remaining. The weight of 
sulphur monoxide present was calculated from the sulphide titre only. That the presence of 
the nitrogen oxides did not interfere either with the absorption of the sulphur monoxide by 
alkali or with the sulphide analysis was shown by a control experiment in which alkali was run 
into both bu!bs immediately after the introduction of the nitric oxide; the sulphide titres were 
identical. 

Action of Reducing Agents on Nitrosylsulphuric Acid.—The nitrosylsulphuric acid was run 
from a tap funnel on to 2—3 g. of the solid salts contained in an evacuated vessel, and the oxides 
of nitrogen evolved were retained according to the method previously described. In the case of 
hydrogen sulphide, the gas was passed through the acid. When a reaction was complete the 
acid in the reaction tube was neutralised by running in excess dilute alkaline peroxide, and 
the nitrate remaining therein was usually determined separately (by means of Devarda’s alloy) 
from that which had collected in the absorbing vessels. In Table IV the nitrogen is calculated 
as NaNQ,. 

TABLE IV. 


Initial NaNO, carried Total NaNO, NaNO, 
Reducing agent. NaNO,, g. ; over, g. vered, g. lost, g. 
Sodium sulphite or «. 02734 0-2643 0-0024 
Sodium thiosulphate .. «- 02734 0-2616 0-0036 
-- 00-2734 0-2359 I 0-0183 
0-2734 0-2413 
0-2734 . 0-2443 
0-2734 os 
0-2734 — 
0-2734 —_ 
0-2734 — — 
0:2734 + 0-2618 
0-2734 0-0189 0-2520 


It is seen that, within the limits of experimental error, the nitrite is completely recoverable 
after reaction with tetrathionate or thiosulphate. On the other hand, with hyposulphite or 
hydrogen sulphide, the nitrosylsulphuric acid suffers a small but definite reduction to some 
stage lower than nitric oxide as well as the above-mentioned reduction to ammonia, which 
(owing to the analytical method employed) does not manifest itself as a loss of sodium nitrite 
in the table. 


The author thanks the Council of the University of Otago fora John Edmond Fellowship, 
and is deeply indebted to Professor F. G. Soper for helpful advice. 


UNIVERSITY OF OTAGO, DUNEDIN, NEW ZEALAND. [Received, June 12th, 1940.] 





216. Polycyclic Aromatic Hydrocarbons. Part XXV. 1- and 2-Alkyl 
Derivatives of 3: 4-Benzphenanthrene. 


By JAmes L. Everett and C. L. HEwETT. 


1- and 2-Alkyl derivatives of 3 : 4-benzphenanthrene have been obtained by re- 
duction of the ketones arising by the action of alkylmagnesium halides on the 
corresponding 3: 4-benzphenanthramides.  1-isoPropyl- 3: 4-benzphenanthrene has 
been obtained from methyl 3: 4-benz-l-phenanthroate by treatment with methy]l- 
magnesium iodide and subsequent dehydration and hydrogenation. 
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In Part XXII (Hewett, this vol., p. 293) the carcinogenic activity of several derivatives of 
3 : 4-benzphenanthrene was discussed and it was indicated that the greatest activity was 
obtained by substitution in the 1- and the 2-position. The present paper deals with the 
preparation of further 1- and 2-alkyl derivatives in order to study the influence on 
carcinogenic activity of the size of the substituent. 

The condensation of alkylmagnesium halides with amides has usually given poor yields 
of the ketones, although Béis (Compt. rend., 1903, 137, 575) claims that the yield increases 
with increase of carbon content of the amide. The condensation of a large excess of methy]- 
magnesium iodide and ethylmagnesium bromide with 3 : 4-benz-1- and -2-phenanthramide (I) 
gave the corresponding 1- and 2-alkyl ketones in yields of 75%. In one experiment the 
amide (I) and a small excess of methylmagnesium iodide yielded 3 : 4-benz-2-phenanthro- 
nitrile as the sole product to be isolated, and in another experiment the nitrile, prepared 
by dehydration of the amide (I) with phthalic anhydride, was recovered unchanged after 
boiling with a slight excess of methylmagnesium iodide. Ramart, Laclétre, and 
Anagnostopoulos (Compt. rend., 1927, 185, 282) also have obtained nitriles by the action 
of Grignard reagents on acid amides. 

The ketones on reduction by the Kishner—Wolff method gave 1-ethyl-, 1-n-propyl-, 
2-ethyl- (IIL; R = Me) and 2-n-propyl-3 : 4-benzphenanthrene (III; R = Et). 

Since this work was completed, Newman and Joshel (J. Amer. Chem. Soc., 1940, 62, 
972) have prepared 2-ethyl-3 : 4-benzphenanthrene, but, although the m. p. of the picrate 
of their product is in general agreement with that described here, the m. p. of their hydro- 
carbon is considerably lower. 

Methyl 3 : 4-benz-1-phenanthroate reacted with methylmagnesium iodide to give, after 
dehydration with picric acid, 1-¢sopropenyl-3 : 4-benzphenanthrene, isolated as the picrate, 
which was readily hydrogenated over palladium to 1-isopropyl-3 : 4-benzphenanthrene. 
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EXPERIMENTAL. 


3 : 4-Benz-1-phenanthramide.—3 : 4-Benz-l-phenanthroyl chloride (25 g.) (Hewett, this 
vol., p. 297) was dissolved in benzene (100 c.c.) and shaken with aqueous ammonia (d 0-880). 
The amide crystallised from acetic acid in colourless needles, m. p. 238—239° (Found: 
C, 83-6; H, 5-0. C,.H,,ON requires C, 84-1; H, 48%). 

1-A cetyl-3 : 4-benzphenanthrene.—The above amide (6-0 g.) was finely powdered and added, 
with ice-cooling, to a Grignard solution prepared from methyl iodide (17-8 g.), magnesium 
(3-0 g.), and ether (100 c.c.). After the evolution of gas had ceased, the ether was distilled off, 
the residual syrupy liquid dissolved in benzene (50 c.c.), and the solution refluxed for 1 hour, 
cooled, and decomposed with ice and hydrochloric acid. The benzene was distilled with steam, 
the residue of ketone and imide dissolved in acetic acid (30 c.c.) and concentrated hydrochloric 
acid (10 c.c.), and the solution heated for 1 hour on the steam-bath, diluted with water, and 
extracted with benzene. The washed and dried benzene layer was distilled; the fraction, b. p. 
227° /0-5 mm., on crystallisation from alcohol, gave the ketone (4-3 g.) in almost colourless needles, 
m. p. 95—96° (Found: C, 89-1; H, 5-4. C,gH,,O requires C, 88-8; H, 5-2%). The semi- 
carbazone separated from alcohol after several days in the cold; recrystallised from dioxan, it 
formed plates, m. p. 180° (decomp.) (Found: C, 76-6; H, 5-3. C,,H,,ON, requires C, 77-05; 
H, 5-2%). 

1-Ethyl-3 : 4-benzphenanthrene.—The foregoing semicarbazone (2-2 g.) and sodium ethoxide 
(from 2-2 g. of sodium and 30 c.c. of ethyl alcohol) were heated at 180° for 18 hours. After 
dilution with water and extraction in ether, the neutral material was purified through its picrate. 
The regenerated hydrocarbon, obtained by passage of a benzene solution of the picrate through 
a column of alumina, distilled from an air-bath at 200°/0-5 mm. 1-Ethyl-3 : 4-benzphenanthrene 
separated from alcohol in colourless plates, m. p. 66—67° (Found: C, 93-55; H, 6-4. CyoHis 
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requires C, 93-7; H, 63%). The pure picrate separated from alcohol in vermilion needles, 
m. p. 116—117° (Found: C, 64-8; H, 4-2. CyoH,,.,C,H,O,N, requires C, 64-3; H, 3-9%). 

1-Propionyl-3 : 4-benzphenanthrene was prepared from the amide and ethylmagnesium bromide 
as described for the l-acetyl derivative (yield, 5-9 g. from 7-0 g. of the amide). It crystallised 
from alcohol in colourless plates, m. p. 94-5—95° (Found: C, 88-5; H, 5-8. C,,H,,O requires 
C, 88°7; H, 565%). The semicarbazone formed very slowly in alcoholic solution and c 
from dioxan; m. p. 229—230° (Found: C, 77-4; H, 5-8. C,,H,,ON, requires C, 77-4; H, 5-6%). 

1-n-Propyl-3 : 4-benzphenanthrene, prepared by the action of sodium ethoxide on the above 
semicarbazone, separated from methyl alcohol—benzene in colourless tablets, m. p. 67—68° 
(Found: C, 93-2; H, 6-7. C,,H,, requires C, 93-3; H,6-7%). The picrate formed deep orange 
needles from alcohol, m. p. 93—94° (Found: C, 65-3; H, 4:1. C,,Hs,C,H,O,N, requires 
C, 64-9; H, 43%). 

1-isoPropyl-3 : 4-benzphenanthrene.—Methyl 3: 4-benz-1-phenanthroate (10-5 g.), prepared 
by heating the acid (12 g.) in methyl alcohol (100 c.c.) saturated with hydrogen chloride, separ- 
ated from benzene—methy] alcohol in colourless plates, m. p. 96-5—97-5° (Found: C, 84-05; 
H, 5-2. Cy 9H,,O, requires C, 83-9; H, 49%). It was added in benzene (50 c.c.) to methyl- 
magnesium iodide (from magnesium, 3-7 g., methyl iodide, 21 g., and ether, 70 c.c.), cooled in 
ice. After } hour the mixture was boiled for 2 hours, the product decomposed with ice and 
ammonium chloride, and the washed and dried benzene layer evaporated. The residue was 
dissolved in alcohol and boiled with an equal weight of picric acid for 1 hour in order to ensure 
complete dehydration. On cooling, the picrate of 1-isopropenyl-3 : 4~-benzphenanthrene 
separated in vermilion needles (14 g.), m. p. 94—95° (Found: C, 656; H, 4-2. 
C,,H,,,C,H,O,N, requires C, 65-15; H, 3-9%). The isopropenyl-3 : 4-benzphenanthrene 
(6-5 g.) recovered from the picrate was hydrogenated in alcohol with a palladium catalyst. The 
resulting 1-isopropyl-3 : 4-benzphenanthrene (4-3 g.) crystallised from alcohol in colourless 
tablets, m. p. 76—77°, after sublimation in a high vacuum at 100° (Found: C, 93-3; H, 6-75. 
C,,H,, requires C, 93-3; H, 6-7%). The picrate formed fine orange needles from alcohol, m. p. 
105—106° (Found: C, 58-8; H, 3-9. C,,H,.,1$C,H,O,N, requires C, 58-7; H, 37%), and 
the trinitrvobenzene complex formed pale yellow plates, m. p. 112-5—113° (Found: C, 67-4; 
H, 4-7. C,,;H,.,C,H,O,N, requires C, 67-2; H, 4-4%). 

Ethyl 3 : 4-benz-1-phenanthroate, m. p. 81—82° (Found: C, 84-2; H, 5-5. C,,H,,O, requires 
C, 84:1; H, 5-3%), gave poor results in the Grignard condensation. 

3 : 4-Benz-2-phenanthramide (I).—3 : 4-Benz-2-phenanthroic acid (10 g.) (Hewett, this vol., 
p. 293) and thionyl chloride (30 c.c.) were boiled under reflux for 1 hour, and the excess of 
thionyl chloride removed under reduced pressure. The residual 3 : 4-benz-2-phenanthroyl 
chloride (9-5 g.) separated from light petroleum (b. p. 80—100°) in yellow needles, m. p. 110— 
111° (Found: C, 78-5; H, 4-0. Cj, 9H,,OC1 requires C, 78-45; H, 38%). The acid chloride 
(8-7 g.), dissolved in benzene (50 c.c.), was shaken with aqueous ammonia (d 0-880); the amide 
crystallised from acetic acid in colourless plates, m. p. 228—229° (Found: C, 83-7; H, 5-0. 
C,,H,,ON requires C, 84-1; H, 4:8%). 

3 : 4-Benz-2-phenanthronitrile—(a) The foregoing amide (2-5 g.) and phthalic anhydride 
(5 g.) were boiled, in an oil-bath, for 1 hour (compare Waldmann, Ber., 1938, 71, 366). The 
melt was extracted with water and dilute ammonia solution, and the nitrile (0-6 g.) sublimed at 
150°/0-7 mm. and crystallised from alcohol; m. p. 128—129° (Found: C, 90-0; H, 4-9. 
C,,H,,N requires C, 90-1; H,4-4%). (b) The amide (0-5 g.) was treated with methylmagnesium 
iodide (3 mols.) in ether. After the evolution of gas had ceased, benzene (7-5 c.c.) was added, 
the ether distilled off, the solution heated for $ hour and diluted with ether, and the solid 
precipitate filtered off and boiled with 2n-sulphuric acid. The product, crystallised, from 
alcohol, had m. p. 120—122°. It was recovered after an unsuccessful attempt to prepare a 
semicarbazone and then crystallised in needles, m. p. 128—129°, not depressed by the nitrile 
obtained under (a) (Found: C, 89-9; H, 4-7%). 

2-Acetyl-3 : 4-benzphenanthrene (Il; R = Me), prepared from the amide (I) and methyl- 
magnesium iodide as described for the 1-series, in 78% yield, formed pale lemon needles, m. p. 
111-5—112-5°, from alcohol (Found: C, 89-0; H, 5:2. C,,H,,O required C, 88-8; H, 5-2%). 
The semicarbazone was obtained, after several days at room temperature, from alcoholic solution 
and crystallised from dioxan; m. p. 235—236° (Found: C, 77-55; H, 5-25. C,,H,,ON, 
requires C, 77-5; H, 5-2%). 

2-Ethyl-3 : 4-benzphenanthrene (III; R= Me), obtained from the semicarbazone by 
Kishner—Wolff reduction, distilled from an oil-bath at 200°/0-3 mm. and, after purification 
through its picrate, separated from alcohol in colourless plates, m. p. 67—68*° (Found : C, 93-8; 
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H, 6-3. CygH,, requires C, 93-7; H, 63%). The picrate separated from alcohol in orange 
needles, m. p. 83—84° (Found: C, 64:45; H, 4:2. CygH,,,C,H,O,N, requires C, 64-3; H, 
3:9%). Newman and Joshel (Joc. cit.) give the m. p. of the hydrocarbon as 50-4—51-2° and of 
the picrate as 80—81°. 

2-Propionyl-3 : 4-benzphenanthrene (Il; R = Et) was prepared in 74% yield from (I) and 
ethylmagnesium bromide and distilled at 230—234°/0-4 mm. It separated from benzene- 
methyl alcohol in colourless needles, m. p. 115-5—116-5° (Found: C, 88-7; H, 5-8. C,,H,,0 
requires C, 88-7, H, 5-65%). The semicarbazone, obtained after several days’ refluxing in 
alcoholic solution, had m. p. 211—212° after crystallisation from dioxan (Found: N, 11-5. 
Cy2H,,ON; requires N, 12-3%). 

2-n-Propyl-3 : 4-benzphenanthrene (III; R = Et), obtained by reduction of the foregoing 
semicarbazone, had b. p. 190—192°/0-3 mm.; it crystallised from alcohol in colourless plates, 
m. p. 71-5—72-5° (Found: C, 93-2; H, 6-7. C,,H,, requires C, 93-3; H, 6-7%). The picrate 
formed orange needles, m. p. 103-5—104° (Found: C, 65-2; H, 4-9. C,,H,,,C,H,O,N, requires 
C, 64:9; H, 4:3%). 

3 : 4-Benz-2-phenanthraldehyde (II; R = H).—3: 4-Benz-2-phenanthranilide, prepared from 
the acid chloride and aniline (2 mols.) in chloroform, crystallised from acetic acid in colourless 
needles, m. p. 214—215° (Found: C, 86-6; H, 5-1. C,;H,,ON requires C, 86-4; H, 49%). 
The anilide (52 g.) in tetrachloroethane (200 c.c.) was heated with phosphorus pentachloride 
(40-5 g.) at 135° for $4 hour, and the phosphorus oxychloride and solvent distilled off under 
reduced pressure. The residue, in fresh tetrachloroethane, was slowly added to a solution of 
stannous chloride (160 g.) in ether (750 c.c.) saturated with hydrogen chloride. After 18 hours 
at 0° the solvent was distilled with steam, and the residue extracted with benzene, leaving 
10 g. of recovered anilide. The benzene layer was washed, dried, and evaporated, and the 
residue distilled from an oil-bath at 260°/0-4 mm. The aldehyde (24-8 g.) crystallised from 
benzene—methyl alcohol in pale yellow needles, m. p. 130-5—131-5° (Found: C, 88-4; H, 4-7. 
C,,H,,0 requires C, 89-0; H, 4:7%). The semicarbazone crystallised from dioxan in lemon- 
yellow plates, m. p. 240—241° (Found: N, 12-7. C,H,,ON; requires N, 13-4%). Reduction 
by the Kishner—Wolff method gave 2-methyl-3 : 4-benzphenanthrene, identical with that 
described in Part XIV (J., 1936, 596). 


The authors thank the Anna Fuller Memorial Fund for a grant, which enabled one of them 
(J. E.) to take part in this work, and the British Empire Cancer Campaign for a grant to the 
Hospital in aid of it. 
THE CHESTER BEATTY RESEARCH INSTITUTE, 
RoyaL CANCER HospPITAL (FREE), LoNpDon, S.W. 3. [Received, July 12th, 1940.) 





217. Application of the Diene Synthesis to Terpenoid Compounds. 
Eucarvone and Maleic Anhydride. 
By T. F. WEst. 


Eucarvone reacts with maleic anhydride in boiling benzene solution to give an 
adduct, C,,H,,0,. This adduct yields dimethyl and diethyl esters on treatment with the 
corresponding alcoholic hydrogen chloride and therefore finds analogy with the 
behaviour of the caryophyllene—maleic anhydride adduct and invalidates one of the 
arguments used by Goodway and West to criticise Rydon’s seven-membered ring 
structure for caryophyllene. 


GooDWAY AND WEsT (J., 1938, 2028) have drawn attention to the fact that, whereas 
addition of maleic anhydride to the cis-butadienoid system in the «-phellandrene molecule 
takes place readily, in the case of the trans-butadienoid system in §-phellandrene the 
reaction is slow and incomplete (Goodway and West, J. Soc. Chem. Ind., 1938, 57, 37) and 
leads mainly to resinous material. It was therefore of interest to examine the effect on 
the course of diene addition when the cis-butadienoid system is situated in larger rings. 
Apart from the preliminary experiments of Koch (Dissert., Kiel, 1932) nothing appears to 
have been published concerning addition to cyclic compounds containing a conjugated 
system in rings larger than six-membered. Koch (loc. cit.) boiled a mixture of cyclo- 
heptadiene with maleic anhydride in the absence of a solvent and reported the formation 


Le ie oe an = Pr) 


a 
S 
e 
8 
t 
e 
d 
r 
t 
¢ 
Q 
C 
t 
i 
] 


— kee 45 AA. 45 











[1940] Compounds. Eucarvone and Maleic Anhydride. 1163 


of a compound displaying the properties of a normal diene adduct. However, the amount 
of material involved was small and tests or constants to establish the identity of the 
cycloheptadiene were omitted. Furthermore a number of authors have shown that, by 
boiling non-conjugated terpenes with maleic anhydride, compounds are obtained in which 


the proportion of maleic anhydride to terpene is 1: 1 (tnter alia, Diels, Koch, and Frost, 


Ber., 1938, 71, 1163; Hultzsch, Angew. Chem., 1938, 51, 921; Ber., 1939, 72, 1173). 

It has now been found that eucarvone (I), reacting with maleic anhydride in boiling 
benzene solution, gives an adduct which, normal diene addition being assumed, can_be 
formulated as (II). 


In contradistinction to the behaviour of «-phellandrene, eucarvone does not react 
with a cold solution of maleic anhydride and the examination of models indicates that 
diene addition involves slight strain on the eucarvone molecule. The eucarvone was pre- 
pared by Baeyer’s method from carvone, and its identity confirmed by the constants and 
preparation of the semicarbazone; the 2 : 4-dinitrophenylhydrazone was prepared. 

Goodway and West (]., loc. cit.) have described the preparation of a series of mono- 
alkyl lactonic esters by boiling the «-phellandrene—maleic anhydride adduct with alcoholic 
solutions of hydrogen chloride and have used (J., 1939, 1853) the formation of a dimethyl 
ester from the caryophyllene-maleic anhydride adduct as an argument against the sug- 
gestion of Rydon (J., 1939, 537) that in the case of caryophyllene normal diene addition 
takes place to the cis-butadienoid system in a seven-membered ring. It has now been 
established that, contrary to expectation in analogy with the behaviour of the «-phellan- 
drene-maleic anhydride adduct, the eucarvone adduct gives dialkyl esters with both 
methyl- and ethyl-alcoholic hydrogen chloride when subjected to the treatment described 
by Goodway and West, whereas after prolonged boiling with tsopropyl-alcoholic hydrogen 
chloride the adduct is recovered unchanged. This difference in behaviour towards methyl 
and ethyl alcohol as compared with isopropyl alcohol may depend on steric hindrance 
considerations, although this is not obvious from an examination of models. However, 
the formation of a dimethy] ester from the undoubted seven-membered ring diene, eucarvone, 
immediately invalidates one of the arguments used by Goodway and West in criticising 
Rydon’s seven-membered ring structure for caryophyllene. 

It is proposed, when circumstances permit, to investigate the eucarvone adduct closely 
and to compare its properties with those of the caryophyllene-maleic anhydride adduct 
described by Ruzicka and Zimmermann (Helv. Chim. Acta, 1935, 18, 219) and also the 
application of the diene reaction to large ring compounds containing the butadienoid system. 
It has, however, been thought advisable to record this account of experiments initiated 
before the outbreak of war. 

EXPERIMENTAL. 


(Carbon and hydrogen determinations are by Drs. Weiler and Strauss, Oxford.) 

The eucarvone was prepared from carvone (obtained by fractional distillation under reduced 
pressure from caraway oil and having a ketone content of 96% when determined by the hydroxyl- 
amine hydrochloride method) in the manner described by Baeyer (Ber., 1894, 27, 810) and had 
b. p.-70—75°/2 mm., di5. 0-9459, n?* 1-5080. Confirmation of its identity with the product 
described by Baeyer was obtained by the preparation of the semicarbazone, m. p. 183—185° 
(Found: N, 20-4. Calc. for C,,H,,ON,: N, 20-3%). Eucarvone 24 4-dinitrophenylhydvazone, 
prepared by the standard method, had m. p. 152—153° (decomp.) after two crystallisations from 
ethyl alcohol (Found: N, 16-9. C,,H,,N,O, requires N, 17:0%). 

Preparation of the Adduct with Maleic Anhydride.—Eucarvone (15 g.) was added to maleic 
anhydride (10 g.) dissolved in benzene (15 ml.); a yellow colour developed immediately. No 
reaction occurred in the cold (cf. a-phellandrene; Diels and Alder, Annalen, 1928, 460, 116) 
and the mixture was heated under reflux for 6 hours on a hot plate. After standing overnight, 
the crystals which separated were roughly dried between filter-papers (11-2 g.) and recrystallised 
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from methyl alcohol; the eucarvone—maleic anhydride adduct (8-9 g.) had m. p. 165—167° 
(Found: C, 67-5; H, 6-65. C,,H,,O, requires C, 67-7; H, 6-45%). 

Treatment of the Eucarvone—Maleic Anhydride Adduct with Solutions of Hydrogen Chloride 
in Various Alcohols.—(a) Methyl-alcoholic hydrogen chloride. The eucarvone—maleic anhydride 
adduct (3 g.) was boiled for 8 hours with 40 ml. of methyl alcohol saturated in the cold with dry 
hydrogen chloride. The bulk of the alcohol was removed by distillation under reduced pressure 
and the crystals which separated were filtered off, dried on filter-paper, and recrystallised from 
benzene-light petroleum. The white crystalline dimethyl ester (1-7 g.) had m. p. 102—103° 
(Found : C, 65-2; H, 7-6. A monomethyl lactonic ester, C,,H,,O;, requires C, 64-3; H, 7-1%. 
A dimethyl ester, C,,H,,0,, requires C, 65-3; H, 7-5%). 

(b) Ethyl-alcoholic hydrogen chloride. The eucarvone—maleic anhydride adduct (4 g.) was 
added to 65 ml. of absolute ethyl alcohol saturated with hydrogen chloride and, after standing 
overnight, the mixture was refluxed for 9 hours. On standing overnight and scratching, 
crystals (3-6 g.) separated, m. p. 98—95°, unchanged by recrystallisation from light petroleum- 
benzene (Found: C, 66-95; H, 7-85. A monoethyl lactonic ester, C,,H,,0,, requires C, 65-3; 
H, 75%. A diethyl ester, C,,H,,O0,, requires C, 67-1; H, 8-1%). The ethyl-alcoholic mother- 
liquor on concentration under reduced pressure gave a further 0-7 g. of the diethyl ester. No 
evidence was obtained of the presence of a monoethy] ester. 

(c) isoPropyl-alcoholic hydrogen chloride. The eycarvone—maleic anhydride adduct (3 g.) 
was mixed with 40 ml. of isopropyl alcohol saturated with hydrogen chloride and, after standing 
overnight, boiled for 9 hours. The bulk of the alcohol was removed under reduced pressure 
and the precipitate which then separated was drained on a porous tile and crystallised from light 
petroleum—benzene. The white crystals obtained (1-1 g.) had m. p. 165—166°, unchanged by 
admixture with an equal weight of the eucarvone—maleic anhydride adduct. 


The author is indebted to Dr. N. F. Goodway for many helpful discussions and to the 
Directors of Messrs. Stafford Allen and Sons, Ltd., for the gift of the carvone. 


THE Sir Joun Cass INstiTuTE, Lonpon, E.C. 3. [Received, May 24th, 1940.] 





218. Aitempts to find New Antimalarials. Part XVII. 


Derivatives of 5:6: 3’ : 2’-Pyridoquinoline. 


By WILLIAM O. KERMACK and ALICE P. WEATHERHEAD. 


In order that they might be tested for antimalarial activity, derivatives of 
5:6: 3’ : 2’-pyridoquinoline, carrying basic side chains, have been prepared by 
condensation of the corresponding chloro-derivative with the appropriate amine. In 
this way, compounds such as 2-§-diethylaminoethylamino-4-methyl-5 : 6 : 3’ : 2’- 
pyvidoquinoline and  4-y-diethylaminopropylamino-2-methyl-5 : 6 : 3’ : 2’-pyrido- 
quinoline have been obtained. Compounds have also been synthesised lacking the 
methyl group by the condensation of p-aminoacetanilide with ethyl oxaloacetate 
to yield ethyl 6-acetamido-4-hydroxyquinoline-2-carboxylate, which by hydrolysis and 
decarboxylation yields 6-amino-4-hydroxyquinoline, whence 4-hydroxy- and 4-chloro- 
5:6: 3’: 2’-pyridoquinoline have been prepared. The latter compound reacts 
with suitable amines to yield compounds of the desired type. 

The nitration of ethyl 4-hydroxyquinoline-2-carboxylate is shown to occur in the 
6-position. It is proved that the pyridoquinoline formed by the Skraup reaction from 
6-amino-4-hydroxyquinoline has the angular, and not the linear, structure. 


WHEN 6-amino-2-hydroxy-4-methylquinoline (Balaban, J., 1930, 2350) is submitted to the 

Skraup reaction, a compound of the expected formula, C,,;H,,ONg, is 

R, obtained, and from the large mass of evidence which shows that angular 

N ring systéms are formed rather than linear ones, there is little doubt that 

the new compound is 2-hydroxy-4-methyl-5 : 6 : 3’ : 2’-pyridoquinoline (I; 

N Ri R, = OH, R, = Me). Treatment of this with phosphorus pentachloride 

(I.) yields 2-chloro-4-methyl-5 : 6 : 3’ : 2’-pyridoquinoline (I; Ry = Cl, R, = Me), 

from which, by heating with the appropriate amines, 2-piperidino-, 

2-piperazino- 2-f-diethylaminoethylamino-, and 2-y-diethylaminopropylamino-4-methyl- 
5:6: 3’ : 2’-pyridoquinoline are obtained. 


ws * wet es Oe 


nn 


AS 


i ie be at Oe COU... ae 









be aa 





[1940] Attempts to find New Antimalanals. Part XVII. 1165 


Advantage was taken of the availability of 6-nitro-2-hydroxy-4-methylquinoline to 
prepare 2-chloro-6-nitro-4-methylquinoline (Balaban, J., 1930, 2350). The latter was 
condensed with piperidine and with $-diethylaminoethylamine to yield 2-piperidino- and 
2-8-diethylaminoethylamino-6-nitro-4-methylquinoline, respectively. 

6-Amino-4-hydroxy-2-methylquinoline (Kermack and Weatherhead, J., 1939, 563) 
was converted into 4-hydroxy-2-methyl-5 : 6 : 3’ : 2'-pyridoquinoline (I; Ry = Me, R, = OH) 
and 4-chloro-2-methyl-5 : 6 : 3’ : 2'-pyridoquinoline (I; R, = Me, R, = Cl), from which 
4-piperidino- and 4-B-diethylaminoethylamino-2-methyl-5 : 6 : 3’ : 2'-pyridoquinoline have 
been obtained. 

In B.P. 481,874 (1936), which became available while the above work was in progress, 
the preparation of 4-f-diethylaminoethylamino-2-methy]l-5 : 6 : 3’ : 2’-pyridoquinoline 
is described, (1) by condensation of 6-aminoquinoline and ethyl acetoacetate by the method 
of Conrad and Linpach, followed by replacement of the hydroxyl group by chlorine and then 
by #-diethylaminoethylamine, (2) from 6-amino-4-chloro-2-methylquinoline, which was 
condensed with §-diethylaminoethylamine to yield 6-amino-4-$-diethylaminoethylamino- 
2-methylquinoline, which was then submitted to the Skraup reaction. 

The products obtained by these two methods are said to boil at 210—215°/1 mm. and 
235—240° /0-45 mm. respectively. The difference in these two boiling points may be noticed, 
as well as the discrepancy between the m. p. 195° of the intermediate chloro-compound, 
4-chloro-2-methyl-5 : 6 : 3’ : 2’-pyridoquinoline, given in the patent and that given above, 
namely, 149°. Although we made various attempts to condense 6-aminoquinoline and 
ethyl acetoacetate by the method of Conrad and Limpach, the only product we isolated 
was 2-hydroxy-4-methyl-5 : 6 : 3’ : 2’-pyridoquinoline, of which the corresponding 
2-chloro-4-methyl-5 : 6 : 3’ : 2’-pyridoquinoline melts at 204°. It seems possible that this 
corresponds to the compound, m. p. 195°, in which case the product obtained by method 
(1) would have been 2-8-diethylaminoethylamino-4-methy]l-5 : 6 : 3’ : 2’-pyridoquinoline. 
This suggestion would reconcile the discrepancies. 

In view of the deletertous effect on antimalarial activity of a methyl group introduced 
into the 2-position of the quinoline nucleus of 4-diethylaminoalkylamino-6-methoxy- 
quinoline (Magidson, J. Gen. Chem. Russ., 1937, 7, 1896) it was considered desirable to 
synthesise compounds analogous to the above but without the methyl group in position 2. 
The 6-amino-4-hydroxyquinoline required for this purpose was prepared in two ways: 
(1) The nitration of ethyl 4-hydroxyquinoline-2-carboxylate yielded ethyl 6-nitro-4-hydroxy- 
quinoline-2-carboxylate, which on reduction with tin and hydrochloric acid gave 6-amino- 
4-hydroxyquinoline-2-carboxylic acid. (2) The position of the nitro- and the amino- 
group in these compounds was proved as follows: #-Aminoacetanilide and ethyl oxalo- 
acetate were condensed to yield ethyl «-p-acetamidoanilinofumarate, 

NHAc:C,H,°NH-C(CO,Et):CH-CO,Et, 
which when cyclised gave ethyl 6-acetamido-4-hydroxyquinoline-2-carboxylate. This com- 
pound on hydrolysis yielded 6-amino-4-hydroxyquinoline-2-carboxylic acid identical 
with the acid obtained by the previous method, decarboxylation of which with the formation 
of 6-amino-4-hydroxyquinoline, was effected by boiling with quinoline in presence of 
copper bronze. The yield depended much on the quality of the copper bronze. 

The application of the Skraup reaction to 6-amino-4-hydroxyquinoline presented 
unexpected difficulties, but by the use of the sulphate under strictly defined conditions, 
a good yield of 4-hydroxy-5 : 6:3’: 2'-pyridoquinoline (I; R, =H, R, = OH) was 
obtained. When this compound was submitted to zinc dust distillation in a current of 
hydrogen, a white crystalline compound was immediately obtained, m. p. 177°, not 
depressed by 5 : 6 : 3’ : 2’-pyridoquinoline obtained from 6-aminoquinoline by the Skraup 
reaction. As the constitution of 5:6: 3’: 2’-pyridoquinoline (I; R, = R, = H) has 
already been established (Skraup and Vortmann, Monatsh., 1883, 4, 571), the above result 
proves that the 4-hydroxypyridoquinoline of melting point 298° has the constitution 
assigned to it, t.e., the three rings have the angular and not the linear arrangement. This 
further justifies the angular arrangement assigned to the pyridoquinolines derived from 
4-hydroxy-2-methyl- and 2-hydroxy-4-methyl-6-aminoquinoline. 

4-Hydroxy-5 : 6 : 3’: 2’-pyridoquinoline was converted into 4-chloro-5: 6:3’: 2’- 
pyridoquinoline (I; R, = H, R, = Cl), from which, by treatment with the corresponding 
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bases, 4-B-diethylaminoethylamino- and 4~y-diethylaminopropylamino-5 : 6 : 3’ : 2’-pyrido- 
quinoline were obtained. 


EXPERIMENTAL. 


2-Hydroxy-4-methyl-5 : 6 : 3’ : 2'-pyridoquinoline.—6-Amino-2-hydroxy-4-methylquinoline 
(1-4 g.), arsenic acid (1-16 g.), concentrated sulphuric acid (2-2 g.), and glycerol (2-4 g.) were 
refluxed on a sand-bath for 3 hours. The cooled solution, diluted with water, was’neutralised 
with sodium hydroxide until a brownish precipitate separated. This precipitate was dissolved 
in alcohol, and the hydrobromide, m. p. above 400°, precipitated by addition of alcoholic 
hydrobromic acid. The base was precipitated by addition of aqueous ammonia to a hot aqueous 
solution of the salt and recrystallised from alcohol; m. p. 330°, yield 1-4 g. (Found: N, 13-5. 
C,3H,,ON, requires N, 13-3%). It was sparingly soluble in alcohol and acetone, but insoluble 
in ligroin, chloroform, and benzene. 

Condensation of 6-Aminoquinoline and Ethyl Acetoacetate —When equimolecular quantities 
of 6-aminoquinoline and ethyl acetoacetate were heated together on the water-bath or at lower 
temperatures, with or without catalysts, no condensation appeared to take place, but when they 
were refluxed on the oil-bath they yielded a compound, m. p. 330°, not depressed by the 
2-hydroxy-4-methy]l-5 : 6 : 3’ : 2’-pyridoquinoline obtained as described above. 

2-Chloro-4-methyl-5 : 6 : 3’ : 2'-pyridoquinoline—A mixture of 2-hydroxy-4-methyl- 
5: 6: 3’ : 2’-pyridoquinoline (0-5 g.), phosphorus pentachloride (0-5 g.), and phosphoius 
oxychloride (4 c.c.) was heated at 130° for 5 hours. The product was decomposed by ice, 
and the filtered aqueous solution neutralised by sodium carbonate. The precipitated white 
solid, recrystallised from ethyl alcohol, formed long white needles (0-3 g.), m. p. 204° (Found : 
N, 12-1. C,,;H,N,Cl requires N, 12-3%), soluble in alcohol, ligroin, benzene and acetone, very 
soluble in chloroform, difficultly soluble in ether. 

2-Piperidino-4-methyl-5 : 6 : 3’ : 2'-pyridoquinoline.—2-Chloro-4-methyl-5 : 6 : 3’ : 2’-pyrido- 
quinoline (0-3 g.) and piperidine (0-5 g.) were refluxed for 2 hours. The product was treated 
with alcoholic hydrobromic acid, and the yellow hydrobromide which separated recrystallised 
from methyl alcohol; m. p. above 400°, yield 0-6 g. (Found: N, 9-6. C,,H,)N;,2HBr requires 
N, 96%). The base obtained from the hydrobromide separated asan oil, which solidified and 
was recrystallised from aqueous alcohol; m. p. 104° (Found: C, 77-9; H, 6-4. C,,H,,N; 
requires C, 77-9; H, 6-8%); it was soluble in benzene, alcohol, ether and chloroform. 

2-Piperazino-4-methyl-5 : 6 : 3’ : 2’-pyridoquinoline.—2-Chloro-4-methy]l-5 : 6 : 3’ : 2’-pyrido- 
quinoline (0-5 g.) and piperazine (1 g.) were heated at 140° for 5 hours. The product, a yellow- 
brown solid, crystallised from water in white needles, m. p. 110° (Found: N, 17-8; H,O, 11-4. 
C,,H,,N,,2H,O requires N, 17-8; H,O, 11-4%). The anhydrous compound.melted at 125°. 

2-8-Diethylaminoethylamino - 4-methyl-5 : 6 : 3’ : 2'-pyridoquinoline.—2- Chloro- 4 -methyl- 
5:6: 3’ : 2’-pyridoquinoline (0-3 g.) and §-diethylaminoethylamine (2 c.c.) were refluxed at 
150° for 2 hours. After the excess of diethylaminoethylamine had been removed in a vacuum, 
the product was dissolved in alcoholic hydrobromic acid. The hydrobromide which separated 
crystallised from alcohol in pale yellow needles (0-5 g.),m. p. 229° (Found: N, 10-2. C,,H,,N,,3HBr 
requires N, 10-0%), very soluble in water, sparingly soluble in methyl alcohol and ethyl 
alcohol, insoluble in ligroin, chloroform and acetone. The base obtained from the hydrobromide 
separated as a yellow oil, which, on scratching, solidified to a white solid, m. p. 123° after 
recrystallisation from aqueous alcohol (Found: C, 74:3; H, 7:8. CygH,,N, requires C, 74-0; 
H, 7-8%). The base was very soluble in chloroform, ligroin, ether and alcohol, difficultly 
soluble in acetone and insoluble in water. 

2--y-Diethylaminopropylamino-4-methyl -5 : 6 : 3’ : 2’ - pyridoquinoline.—2 - Chloro - 4 - methy] - 
5: 6: 3’ : 2’-pyridoquinoline (0-3 g.) and y-diethylaminopropylamine (1 c.c.) were refluxed at 
160° for 2 hours, and the product worked up as before. The hydvobromide was recrystallised 
from alcohol; m. p. 265° (Found: C, 40-0; H, 5-7; N, 9-2; Br, 39-1. C,.H,,.N,,3HBr,2H,O 
requires C, 39-9; H, 5-5; N, 9-3; Br, 40-4%). It was soluble in water, alcohol, and methyl 
alcohol, insoluble in chloroform, ligroin and acetone. The free base separated as an oil from the 
neutralised aqueous solution of the salt and would not crystallise. 

6-Nitvo-2-piperdino-4-methylquinoline.—2-Chloro-6-nitro-4-methylquinoline (0-3 g.) and 
piperidine (0-5 c.c.) together with a trace of copper bronze were refluxed at 120° for 4 hours. 
After removal of the excess of piperidine in a vacuum, the dark brown solid product was re- 
crystallised from aqueous alcohol, forming golden leaflets (0-4 g.), m. p. 167° (Found: N, 15-7. 
C,;H,,0,N,; requires N, 15-5%), readily soluble in alcohol, benzene, acetone, chloroform and 
ligroin, sparingly soluble in ether. 
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6- Nitvo-2-B-diethylaminoethylamino-4-methylquinoline.—2-Chloro-6-nitro-4-methylquinoline 
(0-3 g.) and diethylaminoethylamine (1 c.c.) with a trace of copper bronze were refluxed at 140° 
for 4 hours, the liquid filtered, and the excess of diethylaminoethylamine removed in a vacuum. 
The hydrochloride separated in yellow needles on addition of alcoholic hydrochloric acid to the 
product ; it was recrystallised from the minimum amount of methyl alcohol; m. p. 165° (Found : 
N, 16-3. C,,H,,N,O,,HCI requires N, 16-5%). The picrate, formed from the crude product 
and picric acid in alcoholic solution, crystallised from boiling water in long yellow needles, 
m. p. 210° (Found: C, 50-2; H, 48; N, 183. C,.H,,0,N,,C,H,;O,N, requires C, 50-0; 
H, 4:7; N, 18-5%). The free base separated as an oil from the neutralised solutions of 
these salts, and would not crystallise. 

4-Hydroxy-2-methyl-5 : 6 : 3’ : 2'-pyridoquinoline.—6- Amino-4- hydroxy -2-methylquinoline 
(2-82 g.), arsenic acid (2-32 g.), glycerol (4-8 g.), and concentrated sulphuric acid (4-49 g.) were 
cautiously refluxed together for 5 hours; the cooled product, diluted with water, was neutralised 
with sodium hydroxide. The yellow precipitate was repeatedly crystallised from aqueous ethyl 
alcohol; m. p. 358°, yield 3 g. (Found: C, 73-7; H, 4-8. C,,;H,ON, requires C, 74-2; H, 
48%). It was soluble in dilute acids and in warm dilute alkali solution, readily soluble in 
alcohol and ligroin, insoluble in acetone. 

4-Chlovo-2-methyl-5 : 6 : 3’ : 2'-pyridoquinoline.—4-Hydroxy-2-methy]-5 : 6 : 3’ : 2’-pyridoquin- 
oline (0-5 g.), phosphorus pentachloride (0-5 g.), and phosphorus oxychloride (4 c.c.) were 
refluxed at 120° for 3 hours. The resulting deep blue solution was decomposed by ice and after 
neutralisation with sodium carbonate the pink flocculent precipitate was crystallised from aqueous 
alcohol, forming small colourless needles (0-34 g.), m. p. 149° (Found: C, 68-1; H, 3-7. C,,;H,N,Cl 
requires C, 68-3; H, 3-9%), soluble in dilute acids but insoluble in alkali, readily soluble in 
alcohol and methyl alcohol, slightly soluble in benzene and ligroin, and insoluble in acetone. 

4-Piperidino-2-methyl-5 : 6 : 3’ : 2'-pyridoquinoline.—4-Chloro-2-methyl-5 : 6 : 3’ : 2’-pyrido- 
quinoline (0-2 g.) and piperidine (0-5 c.c.) were heated together at 100° for 4 hours. After 
removal of the excess of piperidine in a vacuum the resulting crystalline mass was dissolved in 
alcohol, and an alcoholic solution of picric acid added. The picrate which separated was 
recrystallised from boiling water; m. p. 225° (Found: C, 57-4; H, 4-4. C,,H,.N;,C,H,O,N, 
requires C, 57-7; H, 4-6%). The free base, which was obtained by dissolving the crystalline 
mass in dilute hydrochloric acid and adding aqueous ammonia, separated as an oil, which 
crystallised to a white solid, m. p. 163° after recrystallisation from aqueous alcohol in needles 
(Found: N, 13-9. C,sH,.N;,H,O requires N, 14:2%), insoluble in water, but very soluble in 
alcohol, ether, ligroin, and benzene. 

4-8 -Diethylaminoethylamino-2-methyl-5 : 6 : 3’ : 2'-pyridoquinoline.—4-Chloro-2-methyl- 
5:6: 3’ : 2’-pyridoquinoline (0-3 g.) and ®-diethylaminoethylamine (0-6 c.c.) were heated 
together at 140 for 3 hours. The oil which remained after removal of the excess of diethylamino- 
ethylamine in a vacuum was dissolved in dilute hydrochloric acid, and sodium hydroxide added 
until a cloudiness appeared. On standing, a white solid separated, which crystallised from 
light petroleum in long rectangular plates, m. p. 68° (Found: N, 17-2. C,,H,,N,,H,O requires 
N, 17-2%), soluble in benzene, ligroin, alcohol, and methyl alcohol. 

Ethyl a-p-Acetamidoanilinofumarate.—p-Aminoacetanilide (2-75 g.) and ethyl oxaloacetate 
(3-45 g.) in alcohol containing concentrated hydrochloric acid (0-1 c.c.) were heated together on 
the water-bath for 15 minutes. Water was then added; a yellow oil separated which gradually 
solidified and then crystallised from ligroin in pale yellow plates, m. p. 122° (Found: N, 9-1. 


C,gH,,0O;N, requires N, 8-8%), difficultly soluble in benzene and ligroin, very soluble in alcohol 


and methyl alcohol. 

Ethyl 6-Acetamido-4-hydroxyquinoline-2-carboxylate—Ethyl a-p-acetamidoanilinofumarate 
was added to medicinal paraffin at 250—260°. The yellow solid which separated on cooling was 
washed with light petroleum and crystallised from methyl alcohol, forming small plates, m. p. 
309° (Found: N, 10-4. C,,H,,0O,N, requires N, 10-2%), slightly soluble in alcohol and methyl 
alcohol, insoluble in benzene, ligroin, acetone and chloroform. 

6-A mino-4-hydroxyquinoline-2-carboxylic Acid.—The preceding ester (10 g.) was refluxed 
with 3-5n-hydrochloric acid (100 c.c.) for 3 hours, and the solution evaporated to dryness. The 
resulting hydrochloride crystallised from the minimum amount of methy] alcohol in small yellow 
needles, m. p. above 400° (Found : N, 11-3. C,,H,O,;N,,HCl requires N, 116%). Treatment of 
the hydrochloride with water liberated the yellow base; the addition of sodium acetate ensured 
the complete dissociation of the hydrochloride. The base, m. p. 308°, was very slightly soluble 
in alcohol, insoluble in ligroin, water, methyl alcohol and benzene. Its solution in alcohol had 
a strong green fluorescence. 
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Ethyl 4-Hydroxyquinoline-2-carboxylate.—A mixture of aniline (1-2 g.) and ethyl oxaloacetate 
(2-5 g.) containing 0-02 c.c. of concentrated hydrochloric acid was kept overnight in an evacuated 
desiccator containing sulphuric acid. The oily product was slowly added to medicinal paraffin 
at 260° and the yellow crystalline solid which separated on cooling was washed with light 
petroleum and recrystallised from the minimum amount of methyl alcohol, forming small, pale 
yellow crystals (1-5 g.), m. p. 212° (Found: N, 6-6. C,,H,,O,N requires N, 6-5%), difficultly 
soluble in methyl alcohol, ligroin, and benzene and insoluble in chloroform. 

Ethyl 6-Nitro-4-hydroxyquinoline-2-carboxylate—Ethyl  4-hydroxyquinoline-2-carboxylate 
(0-65 g.), dissolved in sulphuric acid (4 c.c.), was nitrated by addition of nitric acid (0-23 c.c., 
d 1-42) and sulphuric acid (0-25 c.c.) at 0°. After 2 hours the solution was poured into ice- 
water. The yellow solid that separated crystallised from ethyl alcohol in small yellow needles, 
m. p. 286° (Found: N, 10-9. C,,H,,0;N, requires N, 10-7%), soluble in dilute alkali solution, 
and insoluble in dilute acids, methyl alcohol, ether, and benzene. 

Reduction. The nitro-derivative (0-2 g.) was slowly added to a boiling solution of stannous 
chloride (0-5 g.) in 10N-hydrochloric acid (3 c.c.), and the boiling continued for 5 hours. On 
cooling, the tin salt which had separated was filtered off and, after removal of the tin by hydrogen 
sulphide, the combined filtrates were evaporated to dryness. The residue of hydrochloride, 
m. p. above 400°, dissociated on addition of water to yield a yellow base, m. p. 310°, identical with 
the 6-amino-4-hydroxyquinoline-2-carboxylic acid already described, with which it gave no 
depression of the m. p. 

6-A mino-4-hydroxyquinoline.—6-Amino-4-hydroxyquinoline-2-carboxylic acid (10 g.), quino- 
line (100 c.c.), and copper bronze (5 g.) were refluxed for 5 hours. The brown solution was 
filtered from the copper, the quinoline removed by distillation with steam, and the remaining 
pale yellow solution evaporated to dryness. The resulting brown sticky oil, treated with con- 
centrated hydrochloric acid, formed a white dihydrochloride, which crystallised from water in 
small white needles, m. p. 305° (Found: N, 11-8; Cl, 29-5. C,H,ON,,2HCI requires N, 12-0; 
Cl, 30-0%). Its solution in alcohol had a marked yellow-green fluorescence. 

The base liberated from the hydrochloride separated as an oil which would not crystalllise, 
showing in this respect a marked contrast to 6-amino-4-hydroxy-2-methylquinoline (J., 1939, 
563). 

The sulphate could not always be prepared by treatment of the crude base with sulphuric 
acid, but was obtained most readily from the hydrochloride by dissolving it in water, adding 
aqueous ammonia, evaporating the solution to dryness, and cautiously adding very small 
quantities of concentrated sulphuric acid to the residue. Recrystallised from a small quantity 
of boiling water, the sulphate formed long white needles, m. p. 275° (Found: N, 7-7. 
C,H,ON,,2H,SO, requires N, 78%), soluble in water and alcohol and insoluble in acetone. 
Its solution in alcohol had a strong green fluorescence. 

4-Hydroxy-5 : 6: 3’ : 2’-pyridoquinoline—The sulphate of 6-amino-4-hydroxyquinoline 
(1-7 g.), arsenic acid (0-68 g.), glycerol (1-4 g.), and sulphuric acid (0-98 g.) were cautiously brought 
to the b. p. and then refluxed in a metal-bath for 3 hours, care being taken to avoid charring. 
The resulting thick, dark brown liquid was poured into water, and the filtered solution basified 
with sodium carbonate. The brownish precipitate, after crystallisation from boiling water, 
formed a pale yellow solid, m. p. 298° (Found: C, 70-5; H, 46. C,,H,ON,,4$H,O requires 
C, 70-2; H, 4-4%), extremely soluble in dilute acids, insoluble in dilute alkali solution, and 
difficultly soluble in alcohol. 

4-Chloro-5 : 6 : 3’ : 2'-pyridoquinoline.—4-Hydroxy-5 : 6 : 3’ : 2’-pyridoquinoline (0-3 g.), 
phosphorus pentachloride (0-3 g.), and phosphorus oxychloride (3 c.c.) were refluxed at 130° 
for 3 hours. The excess of phosphorus oxychloride was removed from the greenish solution in 
a vacuum, the residue decomposed with water, and the filtered solution basified with sodium 
carbonate. The flocculent, pale pink precipitate crystallised from boiling water in long felted 
needles, m. p. 147° (Found: N, 13-1. C,,H,N,Cl requires N, 13-1%), soluble in alcohol and 
methyl alcohol and insoluble in benzene and ligroin. 

4-8-Diethylaminoethylamino-5 : 6 : 3’ : 2'-pyridoquinoline.—4-Chloro-5 : 6 : 3’ : 2’-pyridoquin- 
oline (0-5 g.) and $-diethylaminoethylamine (0-4 c.c.) were refluxed together at 140° for 3 hours. 
To the sticky brown oil which remained after removal of the excess of diethylaminoethylamine 
in a vacuum, fuming alcoholic hydrochloric acid was added. On addition of acetone and 
prolonged scratching, a cream-coloured solid gradually separated; recrystallised from the 
minimum amount of alcohol, it formed small plates, m. p. 235° (Found: C, 51-5; H, 6-3. 
C,,H,,N,,3HCI,H,O requires C, 51-3; H, 6-4%). 

4-y-Diethylaminopropylamino-5 : 6 : 3’ : 2'-pyridoquinoline.—4-Chloro-5 : 6 : 3’ : 2’-pyridoquin- 
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oline (0-5 g.) and y-diethylaminopropylamine (0-4 c.c.) were refluxed together at 160° for 
4hours. The excess of diethylaminopropylamine was removed in a vacuum and to the oil which 
remained an alcoholic solution of picric acid was added. A sticky yellow mass was formed 
which, on scratching, gradually solidified to a yellow solid, which was recrystallised from boiling 
water; m. p. 231° (Found: C, 48-3; H, 4-1. C,H,,N,,2C,H,O,N, requires C, 48-6; H, 
39%). The base was obtained from the picrate as an oil which did not crystallise. Attempts 
to obtain salts other than the picrate were unsuccessful. 
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219. Mechanism of Polymerisation. Part IV. Experiments relating to 

the Constitution of the Solid Dimeride and the Liquid Trimeride of 

By-Dimethylbutadiene, and to the Separation of the Higher Polymerides. 
By ERNEST HAROLD FARMER and JOHN F. MarrTIN. 


The solid dimeride, C,,H,,, previously reported to be formed by the acid-catalysed 
polymerisation of By-dimethylbutadiene, yields with lead tetra-acetate a mixture of 
acetates. The monoacetaie, Cy,.H, "OAc, gives on hydrolysis a ketone, C,,H,,O, 
which is oxidised by nitric acid to a dibasic acid, C,,H,,O,. By considering (1) the 
reactivity of the ketone, and (2) the structures of all the bicyclic dimeric products to 
which simple additive mechanisms could give rise, it is possible to correlate all 
experimental observations on the basis that the dimeride is one of two methylenotetra- 
methylbicycloheptanes (or, less probably, a methylenotrimethylbicyclooctane) which 
forms a monoacetate capable of undergoing Wagner—Meerwein rearrangement 
involving ring enlargement. 

The trimeric, tetrameric, and pentameric portions of the polymeride have been 
separated from one another by molecular distillation, leaving as residue a highly 
viscous liquid of mainly hexameric complexity. The trimeric portion, C,,H3., gives 
on dehydrogenation in the liquid phase with selenium an increased yield of the naphthal- 
enic hydrocarbon, C,,H,,, previously reported, but the main bulk of the trimeric 
fraction is apparently incapable of dehydrogenation in this way; the residue from 
selenium dehydrogenation, however, when submitted as a vapour to the action of 
hydrogen and palladised charcoal, gives an isomeric naphthalenic hydrocarbon, C,,Hg,, 
whereas the original dimeride gives a mixture of both isomerides. The first of these 
naphthalenic hydrocarbons is readily oxidised to a quinone, C,,7H Oy. 

Accordingly, although the trimeric portion almost certainly comprises a mixture 
of isomeric hydrocarbons, that portion which gives rise in turn to the naphthalenic 
hydrocarbon and the quinone is probably pentamethylisopropenyloctahydronaphtha- 
lene (XXI). 


Tue solid camphor-like dimeride formed by the action of the Bertram—Walbaum reagent 
on Py-dimethylbutadiene (Farmer and Pitkethly, J., 1938, 16, 290) has now been obtained 
in considerably increased yield (total 4%). This substance, for which a bicyclic methyleno- 
structure (I or II) was suggested, was shown to resemble certain known methyleno- 
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(I.) (II.) (III.) (IV.) 


terpenes in not readily undergoing scission of the methylene group under the action of 
ozone or chromic acid. In order to obtain more direct evidence of the methyleno-con- 
stitution and at the same time to enable discrimination to be made between various 
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possible formule, the action on the dimeride of permanganate and of lead tetra-acetate has 
now been studied. The former of these reagents has but slight action either in warm 
aqueous or in boiling acetone solution, but the latter has given unexpected results. 
When heated in an acetic acid medium the dimeride (C,,H 99) gave with lead tetra-acetate 
a mixture of acetates of which 43% consisted of a monoacetate, C,gH,,-OAc. The molecular 
refraction of this compound denoted the presence therein of one double bond, and hydrolysis 
of the acetate with alkali gave a camphoraceous, pasty solid from which a crystalline 
semicarbazone (m. p. 255°) could readily be obtained. From this semicarbazone, by 
hydrolysis with oxalic acid, the corresponding carbonyl compound, C,,.H 90, was obtained 
as a crystaline solid (m. p. 180°) closely resembling camphor in odour and appearance. 
This compound was quite different from the aldehyde, C,,H,,O (semicarbazone, m. p. 224°), 
previously obtained from the dimeride (Farmer and Pitkethly, loc. cit.). It passed on 
oxidation with nitric acid into a dibasic acid CygH.O, (m. p. 161°). The production of 
such a dibasic acid without loss of any carbon atom pointed at once to a formula for the 


carbonyl compound of the type C,)5H wen and in order to explain the formation of such 


a ketone from a mono-olefinic methylene hydrocarbon we make the following suggestion. 

cycloHexene is known to yield with lead tetra-acetate a mixture of the monoacetate (ITI) 
and the diacetates (IV)—(VI) (Criegee, Annalen, 1930, 48, 263) ; various terpenes, including 
pinene, dipentene, «-terpinene, and terpinolene, also behave similarly (Ward, J. Amer. 
Chem. Soc., 1938, 60, 325). Now there are three bicyclic dimeric structures which by the 
simple additive processes previously discussed are capable of being formed directly from 
monomeric dimethylbutadiene. These are (I), (II), and (VII), and with any of these lead 


H(OAc) 


(V.) O O (V1.) iO} (VII.) 


AcO’SOAc H(OAc) 


tetra-acetate might be expected to give compounds of the types (VIII) and (IX) in which 
the dotted structures are intended to represent any one of the bicyclic ring systems present 
in (I), (II), and (VII). The previous and the present observations concerning the chemistry 
OAc “ “(H)OAc oe ey OAc 
CH,-OAc | cH, \__icH,0Ac i. cu, 
(VIII) “ ax) (x) (XI) 


of the solid dimeride appear to be capable of correlation only if the monoacetate first 
formed from the dimeride is (IX); for since the hydrolysis of any ester to yield a ketone 
may be interpreted as denoting that the alcoholic component of the ester is the enolic 
form of a ketone, and since the ketone in this particular case must contain the grouping 
*CH,°CO», it is reasonable to suppose that a monoacetate (IX) is first formed and this 
immediately passes into its anionotropic form (X) under the prevailing conditions,* and 
is later transformed (owing to the acidity of the medium) by Wagner—Meerwein rearrange- 
ment into (XI). The ketone formed by hydrolysis of the acetate would then be (XII) 


oCH CO4H oCHyCO,H 
i _/CHyCOH i CO.H * 

” (XII) ” (XIII) ” (XIV.) 
and this would be capable of passing on oxidation without loss of carbon atoms into a 
dibasic acid (XIII) or (XIV). This postulated course of reaction seems more likely to be 
the true course in view of the fact that all other Wagner—Meerwein isomerisations which 


could occur with monoacetates normally derived from (I), (II), and (VII) by the action of 
lead tetra-acetate are found on inspection to lead to ketones of the type -CHR-CO-CHMe:, 


* Alternatively (X) is derived by loss of acetic acid from the diacetate (VIII). 





—sp Bee 


QO. 53 oO OO Ot Oe CU 


onal 


Qo ns oft © fD | OO 


~~ ~m 


as OM SH 


fl —-— DO mrm~ + 


a | 
— 


ae Oo .* 


[1940] © Mechanism of Polymerisation. Part IV. 1171 


and these, of course, could not be oxidised to dibasic acids without loss of one or more 
carbon atoms. 

The formation of the ketone of formula (XII) [which, written fully, is actually one or 
other of the three forms (XV), (XVI), or (XVII)] thus involves a ring enlargement, and 


pep (Pep 


VA 
(XV.) (XVI) 

in this respect closely parallels the ready formation of cycloheptanone and cyclooctanone 
from cyclohexanone (Mosettig and Burger, J. Amer. Chem. Soc., 1930, 52, 3456; Robinson 
and Smith, J., 1937, 371). In support of the formula (XII) it may be mentioned (i) that 
the ketone forms a semicarbazone with the greatest ease, whereas ketones in which one of 
the a-carbon atoms is both quaternary in character and carries a methyl group (e.g., 
camphor, fenchone, and various substituted cyclohexanones; Wallach, Annalen, 1907, 
353, 209; Cornubert and Sarkis, Compt. rend., 1932, 195, 252) form semicarbazones with 
more or less marked difficulty ; and (ii) that when the ketone is reduced by the Kishner— 
Wolff method to yield the corresponding hydrocarbon, C,.H¢9, the latter (m. p. 146°) is quite 
different from the direct hydrogenation product (m. p. 78°) of the original dimeride. 

Since the dimeride and the derived ketone very closely resemble corresponding members 
of the camphor group in their physical attributes, we are inclined to dismiss formula (XV) 
from consideration as offering a suitable representation of the ketone. The choice is thus 
between (XVI) and (XVII) for the ketone and between (II) and (VII) for the parent 
dimeride. At present, however, we have insufficient evidence to permit of decision between 
the rival formule for each. 

The Trimeric and Higher Polymeric Fractions.—When the proportion of sulphuric acid 
in the Bertram—Walbaum reagent was 1—-1-8% the yield of polymerides was: dimeride, 
29-0; trimeride, 19-5; tetrameride, 18-4; pentameride, 15; higher polymerides, 17%. 
The oily trimeric, tetrameric, and pentameric fractions were sharply separated by high- 
vacuum fractionation in a continuous molecular still, the residue (mainly hexameric) being 
too viscous to flow over the evaporating surface of the still. 

By exhaustive systematic fractionation of the trimeric portion at reduced pressure, a 
fraction (25% of the whole) of practically constant refractive index was isolated. This 
fraction gave formaldehyde as the volatile oxidation product with ozone, and formic acid 
that with permanganate. The supplementary ketonic fission product obtained with ozone 
was isolated by means of the Girard “‘T” reagent (semicarbazone, m. p. ca. 260°) but in 
too small a yield to permit of its adequate study. Dehydrogenation of this constant- 
boiling fraction with selenium gave a maximum yield of 6-5% of the crystalline naphthal- 
enic- hydrocarbon, C,,Hg. (m. p. 111°; picrate, m. p. 156°; trinitrobenzene derivative, 
m. p. 183°), which Farmer and Pitkethly (loc. cit.) have reported to be obtainable in small 
amount from the trimeride; about the same yield of this hydrocarbon could, however, be 
obtained from a higher-boiling fraction of the trimeride. The non-crystalline residue of 
the dehydrogenated constant-boiling fraction was deemed, after prolonged fractionation 
and examination, to consist mainly of undehydrogenated trimeride, but this residue gave 
no further quantity of the crystalline naphthalenic hydrocarbon when retreated with 
selenium. Hence it appears that a very large proportion of the trimeride is incapable of 
dehydrogenation with selenium as catalyst. 

Dehydrogenation in the vapour phase (one treatment) of the hydrocarbon residue from 
the selenium treatment, platinised charcoal being used as catalyst, gave a small yield of a 
second hydrocarbon, C,H,» (trinitrobenzene derivative, m. p. 166°); and it is to be noted 
that the original trimeride (untreated with selenium) gave under similar conditions of 
dehydrogenation a product conthining both of the hydrocarbons C,7Hg» (both trinitrobenzene 
derivatives isolated). The second of these hydrocarbons, which has not yet been regener- 
ated from its derivative in a satisfactorily high state of purity, must also be a naphthalenic 
hydrocarbon, and doubtless differs from its isomeride only in the orientation of the groups 
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in the nucleus. Now, taking into consideration that there are four non-linear trimeric 
substances, (X VIII)—(XXI), capable of being directly formed from the monomeric hydro- 


Oe a, a oS 

x < AY 1) 
Ww WKS "WN 
(XIX.) (XX.) (XXI.) 


carbon by simple addition (polar or free-radical) mechanisms, and of these (XX) would 
necessarily give rise ondehydrogenation to a diphenyl derivative andthe rest to naphthalenic 
hydrocarbons, it is seen that the naphthalenic dehydrogenation products are likely to be 
among five tetramethylisopropylnaphthalenes which could reasonably arise from (XVIII), 
(XIX), and (XXI),* since only one carbon atom is lost during the dehydrogenation. It 
is found, however, that oxidation of the principal naphthalenic hydrocarbon (m. p. 111°) 
with chromic acid readily gives rise to a pale yellow quinone, CyzH gO, (m. p. 118°), without 
loss of carbon atoms, and this fact indicates that the trimeride and its dehydrogenation 
product are unsubstituted in the 1 : 4-positions ‘of one ring, so that three of the five 
structures, and hence (XVIII) for the trimeride, are excluded. 

Of the other three possible forms for the trimeride, (XX) must be absent, or nearly so, 
for in spite of careful search we have been unable to recognise any trace of a diphenyl 
derivativet amongst the dehydrogenation products of any fraction of the trimeride. This 
result is to be contrasted with the observations of Alder and Rickert (Ber., 1938, 71, 373, 
379) that dimeric butadiene (1-vinyl-A*-cyclohexene), when heated with its monomeride 
in the presence of acetylenedicarboxylic acid (to inhibit polymerisation of the butadiene), 
adds the monomeride in Diels—Alder fashion at the extracyclic double bond to give some 
quantity of the trimeride (XXII) ; and likewise, butadiene under similar conditions becomes 


oy ty. 
W\4 YY 


(XXII) (XXII1.) (XXIV.) 


added at the extracyclic double bond of styrene or to one of the double bonds of cyclo- 
pentadiene to give corresponding hydrodiphenyl derivatives (loc. cit.). If these addition 
compounds may be taken to be the principal products of reaction in the respective cases, 
it appears that the Alder and Rickert type of catalysed thermal addition follows a different 
course from our acid-catalysed trimerisation, although it seems likely that by employing 
Alder and Rickert’s catalytic procedure it would be possible to obtain a substituted hydro- 
diphenyl by addition of mono- to di-meric dimethylbutadiene. 

The trimeric form (XIX) is not very likely to be produced, since its formation would 
involve the addition of the monomeric hydrocarbon to the endocyclic bond of the ordinary 
dimeride, despite the fact that this double bond is in all ordinary reactions very markedly 
less reactive than the extracyclic double bond. Hence it seems most probable that that 
particular trimeric form which gives rise in turn to the naphthalenic hydrocarbon, m. p. 
111°, and the quinone, m. p. 118°, has the formula (X XI), and these last two derivatives 
are in consequence (XXIII) and (XXIV) respectively. What proportion, however, of the 
considerable trimeric fraction the form (XXI) constitutes, we are unable on the present 


evidence to estimate even roughly. 
2 
* Recent published examples show that where quaternary groupings occur in the ring, dehydrogen- 
ation may cause either elimination or migration of an alkyl group. 
+ The expected dehydrogenation product from (XX), viz., 3: 3’: 4: 4’-tetramethyldiphenyl, is a 
yellow solid, m. p. 76—77° (Crossley and Hampshire, J., 1911, 99, 726). 
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EXPERIMENTAL. 

Polymerised ®y-Dimethylbutadiene.—Polymeric product. The polymerisate obtained by 
allowing 900 g. of diene to remain dissolved in acetic acid—sulphuric acid (1-8% by weight of 
H,SO,) at room temperature for 96 hours was isolated and freed from traces of esters and of 
alcohols as before (yield, 820 g.). By distillation at reduced pressure it was resolved into 
threefractions: (i) dimeric, b. p. 65—120°/18 mm. (160 g., 21%) ; (ii) trimeric, b. p. 120°/18mm.— 
120°/1 mm. (255 g., 29%); (iii) higher polymeric residue (400 g., 50%). By systematic 
fractionation of (i), through a 60-cm. vacuum-jacketed column packed with a nichrome spiral 
and with carefully controlled reflux ratio, 25 g. of pure solid dimeride, m. p. 66°, were segregated 
(i.e., 15% of the dimeric material or 3% of the total polymerides). When the preparation 
was repeated with 1-5 kg. of hydrocarbon and 1% of sulphuric acid in the mixed acids, the 
corresponding fractions weighed (i) 465 g., (ii) 410 g., and (iii) 600 g., and from (i), after it had 
stood for 5 months in the dark, 60 g. of pure solid dimeride were separated. 

The two crude trimeric fractions so obtained were united and subjected to evaporative 
distillation in a continuous, vertical, molecular still (see Farmer and Van den Heuvel, J. Soc. 
Chem. Ind., 1938, 57, 24). By adjusting the rate of flow on to the evaporating surface and 
also the temperature of the latter to suitable fixed values, a division of the material into dis- 
tillable and undistillable portions (i.e., into distillate and residue) was effected. The course of 
the subsequent evaporative treatments of this first distillate and residue is summarised in the 
table, the molecular weight (M) shown for each fraction being determined cryoscopically (in 
benzene). The distillates II and VI and residue III were united and again distilled at 78°, a 
very small first fraction and a very small residue being segregated and rejected, and the main 
trimeric distillate being collected in several portions. These portions proved to be practically 
identical in molecular weight (average, 247. Calc.: 246). 

The tetrameric, pentameric, and higher polymerides have been stored for future examination. 


Isolation of Trimeric Fraction. 
Crude trimeride 
(M, 220; wt., 660 g.) 
I 
Distillate I maths I 
(M, 215; wt., 405 g.) (M, 258; wt., 250 g.) 
. E 
| 
Distillate III Reside III Distillate II Residue II 
(M, 220; wt., 120g.) (M, 249; wt., 360g.) (M, 240; wt., 125g.) (M, 280; wt., 120g.) 


Trimeric 














Isolation of Tetra- and Penta-meric Fractions. 
United crude fractions (iii) 
(M, 388; wt., 1180 g.) 
150¢ | 





Distillate IV Residue Iv* 
(M, 320; wt., 838 g.) (M, 475; wt., 350 g.) 
[= 





Distillate V ae Vv 
(M, 276; wt., 323 g.) (M, 394; wt., 515 g.) 


78° 98° 








; | | 
Distillate VI ‘nasties VI Distillate VII Residue VII 
(M, 260; wt., 135 g.) (M, 333; wt., 180 g.) (M, 331; wt., 205 g.) (M, 408; wt., 300 g.) 


Mainly trimeric Tetrameric Pentameric 


* Largely hexameric. Too viscous to flow at reasonably low temperatures and hence not further 
separable. 
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Heterogeneity of the trimeric fraction. The united trimeric portions (Distillate II and VI and 
Residue III) were redistilled in-a molecular still at 45°, the rate of flow being as rapid as the 
apparatus would allow. A distillate, one-sixth of the whole, was collected, and then at the 
same temperature but at a reduced rate of flow a second distillate (one-sixth of the whole) 
was collected. This process was repeated with appropriate changes in the rate of flow until five 
distillates had been collected and the final sixth of the material remained as residue. The 
refractive indices of the six portions rose irregularly from 1-4958 to 1-5059 although the molecular 
weight remained constant. 

An attempt was made to isolate substantially homogeneous trimeric forms by submitting the 
reunited six fractions to systematic fractionation (equilibrium distillation) at 0-5 mm. pressure 
under the 60-cm. vacuum-jacketed column mentioned above. There was no significant change 
of b. p. at any point in the fractionation, but the refractive index changed considerably as 
distillation proceeded. In the fourth series of distillations the refractive index of the fractions 
rose fairly rapidly from 1-4905 to 1-4940 (0—22% distilled), then remained constant at 1-4938 
(22—42% distilled), and finally rose rapidly to 1-5055. The fraction of constant refractive 
index was subsequently examined (see below) but appeared to be heterogeneous, and hence the 
trimeric fraction of the polymerisate, with but slight doubt, contains a number of isomeric 
trimeric forms. 

The Solid Dimeride.—Ovxidation with lead tetra-acetate. The dimeride (10 g.) was heated at 
100° for 3 hours with lead tetra-acetate (35 g.) in glacial acetic acid (200 c.c.). The product 
was cooled, poured into 3 times its volume of water, and extracted with ether. The ethereal 
extract was freed from acetic acid, dried (sodium sulphate), and then freed from ether. The 
mixed acetates were distilled under a 4-inch column at 12 mm., the fractions being : (i) 70—94° 
(1 g.), (ii) 94——130° (0-5 g.), (iii) 130—138° (6 g.), (iv) 1838—170° (2-5 g.), (v) 170—182° (2-5 g.). 
Fraction (iii), which on redistillation had b. p. 128—135°/12 mm., di?" 0-9805, n™™” 1-47490, 
[Rz]p 63-83, represented the monoacetate of the dimeride (Found: C, 76-05; H, 10-05; M, 
by saponification, 228. C,,H, *OAc requires C, 75-7; H, 10:0%; M, 222). 

Hydrolysis of monoacetate. The fraction (iii) was heated for 1 hour with a small excess of 
N-alcoholic potash, and then poured into water and extracted with ether. The dried extract 
yielded on evaporation a pasty solid of strong camphoraceous odour. When a methanol 
solution of this solid was mixed with semicarbazide hydrochloride dissolved in sodium acetate 
solution, the semicarbazone, m. p. 255°, separated almost immediately (Found: C, 65-85; 
H, 9-9. C,,H,,ON, requires C, 65-8; H, 9-7%). From the united acetate fractions (i), (ii), 
(iv), and (v) (see above), after hydrolysis, a further substantial amount of this semicarbazone 
was obtained. 

The ketone, C,,H,,O0. The semicarbazone was suspended in water containing sufficient oxalic 
acid for its hydrolysis, and the suspension distilled in a current of steam. The carbonyl com- 
pound separated from the distillate as a crystalline solid melting sharply at 180° (recrystallised 
from methanol, m. p. 180°). It had no observable aldehydic characteristics, was clearly 
different from the isomeric aldehyde derived by ozonolysis of the dimeride (Farmer and Pitkethly, 
loc. cit., p. 290), and is probably either 1 : 2 : 2 : 3-tetramethyl-1 : 3-endoethylenecyclohexan-5-one 
(XVI) or 1: 2:2: 4-tetvamethyl-1 : 4-endomethylenecycloheptan-6-one (XVII), although 1 : 2: 4- 
trimethyl-1 : 4-endoethylenecycloheptan-6-one (XV) is not altogether excluded (Found: C, 79-9; 
H, 10-85. C,,H,,O requires C, 80-0; H, 11:1%). The oxime was formed on refluxing the 
ketone (1 g.) with hydroxylamine hydrochloride (0-38 g.) and alcoholic sodium ethoxide (0-13 g. 
of Na in 10 c.c. of alcohol) for 8 hours, and precipitating it with water. It crystallised from 
methanol in plates, m. p. 132° (Found: C, 74:0; H, 10-85. C,,H,,ON requires C, 73-85; 
H, 10-75%). 

The dibasic acid. The ketone was heated under reflux with excess of nitric acid (d 1-42) 
and the mixture, when evolution of brown fumes had ceased, was poured into an equal volume 
of water and then extracted with ether. From the ethereal liquor the acidic product was 
extracted with 10% sodium carbonate and after regeneration was crystallised from hot water. 
It formed colourless prisms, m. p. 161° (Found: C, 62-85; H, 8-7; equiv., 113-2. Cy,H» 0, 
requires C, 63-15; H, 8-8%; equiv., dibasic, 114). 

Reduction of ketone. The semicarbazone of the ketone (2-5 g.) was heated with sodium 
ethoxide in alcohol (1-5 g. of Na in 15 c.c. of alcohol) in a sealed tube at 150° for 16 hours. The 
product was poured into water and the reduction product separated therefrom by distillation 
in steam. The hydrocarbon (m. p. 144°) which separated from the distillate (1-2 g.) was 
collected; after sublimation it melted at 146°. This hydrocarbon is probably 1: 2: 2: 3- 
tetramethyl-1 : 3-endoethylenecyclohexane or 1:2:3: 4-tetramethyl-1 : 4-endomethylenecyclo- 
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heptane, although 1 : 2: 4-ivimethyl-1 : 4-endoethylenecyclohepiane is not excluded (Found : 
C, 86°75; H, 13-1. C,,H,, requires C, 86-75; H, 13-25%). 

Hydrogenation of the solid dimeride. The dimeride (1 g.), in alcohol, when hydrogenated at 
ordinary temperature and pressure by means of Adams’s catalyst absorbed 0-99 mol. of hydrogen 
permol. The dihydride, after recrystallisation from methanol, melted at 78°. This hydrocarbon 
is probably 1:2:2:3: 4-pentamethyl-1 : 3-endoethylenecyclopentane (derived from II) or 
1:2:2:4:5-pentamethyl-1 : 4-endomethylenecyclohexane (from VII), but 1 : 2: 4: 5-tetramethyl- 
1: 4-endoethylenecyclohexane (from I) is not excluded (Found: C, 86-3; H, 13-5. C,,H,, 
requires C, 86-65; H, 13-35%). 

Formation of nitrosochloride and hydrochloride. The dimeride (1 g.), in glacial acetic acid 
(4 c.c.), was mixed with amy] nitrite (1 c.c.) and to the mixture, cooled to — 10°, concentrated 
hydrochloric acid (2 c.c.) was added dropwise with shaking: After standing for 1 hour, the 
product was worked up and yielded a crystalline nitrosochloride, which crystallised from light 
petroleum in colourless prisms, m. p. 115°. When dry hydrogen chloride was passed for several 
hours through a solution of the dimeride in ether maintained at — 10° a crystalline hydrochloride 
was formed which after recrystallisation from saturated alcoholic hydrogen chloride melted 
at 78°. 

The Trimeric Fraction.—Ozonolysis. The ozonide formed at 0° from 5 g. of the trimeride, 
dissolved in chloroform, was decomposed by heating with water. From the aqueous portion 
of the product only formaldehyde was obtained (2 : 4-dinitrophenylhydrazone, m. p. 162°) ; 
from the accompanying yellow oil no semicarbazone could be derived directly, but after it had been 
freed from non-ketonic material by means of Girard ‘‘ T ’”’ reagent, the regenerated oil then gave 
gritty crystals, m. p. ca. 260°, in too small yield for examination. 

Dehydrogenation with selenium. The trimeride (30 g.) was heated in the usual way with an 
equal weight of selenium at 260—270° for 60 hours. The product was extracted with light 
petroleum, the extract filtered through a column of alumina to remove high-boiling selenium 
compounds, and then evaporated. The residual yellow oil (27 g.) was treated with alcoholic 
picric acid, and the picrate collected, dried (orange needles, m. p. 156°), and decomposed with 
diluteammonia. The solid naphthalenic hydrocarbon thus regenerated crystallised from methyl 
alcohol in colourless needles, m. p. 111° (cf. Farmer and Pitkethly, Joc. cit., p. 291); its trinitro- 
benzene derivative crystallised from alcohol in yellow needles, m. p. 183°. 

The alcoholic filtrate remaining after separation of the picrate yielded no further amount of 
picrate; accordingly, it was freed from excess of picric acid and evaporated. The residual 
hydrocarbon oil (24 g.), which boiled over the range 65—116°/0-4 mm. (residue 5 g.), was 
intensively fractionated under a good vacuum-jacketed column with controlled reflux. By 
combination of fractions of similar refractive index, followed by refractionation, a portion 
(7-5 g.) of b. p. 106—113°/0-5 mm., ni** 1-49583, dif 0-9001, [Rz]p 80-05, was obtained. This 
was clearly unchanged trimeric dimethylbutadiene {Found: C, 87-6; H, 12-2. Calc. for 
(CoHi)n: C, 87-7; H, 12-25%; [Rip fp, 79°99}. This unchanged trimeride was re-treated 
with selenium at 330° for 40 hours, but the product did not contain any picrate-forming 
hydrocarbon. 

Dehydrogenation with platinised charcoal. When the trimeride was vigorously refluxed for 
3 hours over platinised charcoal in a stream of carbon dioxide, no gas was evolved, but when 
it (7-5 g.) was passed as a vapour over platinised charcoal at 335° during 12 hours, 270 c.c. of 
gas were evolved. The product (6 g.), swept out with hydrogen, was divided into four nearly 
equal fractions by distillation at 0-5 mm., and each fraction treated with alcoholic trinitro- 
benzene. The lowest-boiling fraction (b. p. 50—80°) yielded no derivative, but the remaining 
three each yielded one. The trinitrobenzene derivative from the second and the third fraction 
melted after one recrystallisation at 181° and readily yielded the pure naphthalenic hydrocarbon, 
m. p. 111°, and the corresponding picrate, m. p. 156° (mixed m. p. with previously obtained 
compounds, 111° and 156° respectively), whereas the highest-boiling fraction yielded a mixture 
of trinitrobenzene derivatives, melting indefinitely about 170° after one recrystallisation from 
methyl alcohol. 

A sample of trimeride (2-75 g.) which had survived dehydrogenation treatment with selenium 
was passed in vapour form over platinised charcoal at 330° during 6 hours, during which 130 c.c. 
of gas were evolved. The product (2-15 g.), swept out with hydrogen, formed a trinitrobenzene 
derivative, which melted after recrystallisation from alcohol at 166° and was isomeric with 
the compound of m. p. 181° [Found: C, 62-8; H, 5-6. C,,H4,C,H,(NO,), requires C, 62-85; 
H, 5-7%). 

Oxidation of the naphthalenic hydrocarbon, m. p. 111°. The hydrocarbon (1-1 g.), dissolved 
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in 20 c.c. of glacial acetic acid, was gradually treated (with stirring) at 60° with chromic acid 
(3 g.) dissolved in 80% aqueous acetic acid (10c.c.). After 45 mins. the mixture was heated on 
the water-bath for 2 hours, and then poured into water. A yellow quinone separated, and this 
was extracted with ether, freed from acetic acid and solvent, and crystallised from methyl 
alcohol. It formed yellow prisms, m. p. 118°, and was probably a tetramethylisopropylnaphtha- 
quinone (XXIV) (Found: C, 79-6; H, 7-75. C,H, O, requires C, 79-7; H, 7-8%). 


We thank Imperial Chemical Industries Ltd. (Dyestuffs Group) and the Chemical Society 
for grants (to J. F. M.). 
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220. Mechanism of Polymerisation. Part V. Dimerisation of 
Unconjugated Pentadiene. 


By ALi AHMAD and ERNEST HAROLD FARMER. 


A**-Pentadiene, the unconjugated unsaturation of which resembles that of the 
acids of many di- and poly-ene drying oils, polymerises like these oils when it is 
heated above 200°. The product is a mixture of low-molecular polymerides in which 
the dimeride and trimeride predominate. 

The dimeride, although not homogeneous, consists mainly of 1-methyl-2-allyl- 
cyclohexene; the remainder of the yield is composed of less-unsaturated material, 
which is probably a bicyclic isomeride of the main product. The 1 : 2-position of the 
cyclohexenic substituents points toa dimerisation mechanism which is dependent on 
the isomerisation of one of the pentadiene molecules prior to its participation in 
the dimerising addition reaction; or alternatively, to an additive mechanism which is 
dependent on the appearance of free-radical forms of the monomerides. The nature 
of the trimeric and higher forms has not been determined. 


THE unconjugated pentadiene system *CH:CH-CH,°CH:CH: is one that occurs in linoleic 
and linolenic acids derived from vegetable oils, and in most of the polyene acids which are 
present as glycerides in fish oils (cf. Farmer and Van den Heuvel, J. Soc. Chem. Ind., 1938, 
57,24; J., 1938, 427). Since all of these acids and the oils in which they occur show strong 
tendencies to “‘ thicken ”’ or “‘ body ” when they are heated,* there is every reason to believe 
that the unconjugated pentadiene, octatriene, etc., systems present in the carbon chains of 
the acids are responsible for the main features of the thermal polymerisation processes here 
involved. It is of some interest, therefore, to examine the course of polymerisation in 
the simplest compound containing the unconjugated type-system, i.e., A**-pentadiene, 
CH,-CH-CH,°CH:CHg. 

The most likely type of polymerisation both for the simple unconjugated hydrocarbon 
and for the long-chain unconjugated acids seemed to be one involving cyclohexenic or 
cyclopentenic ring formation at the dimeric stage, bicyclisation at the trimeric stage, and so 
on. A point of great importance, however, was whether the unconjugated system would 
polymerise as the result of independent reactions taking place at the individual double 
bonds of each molecule or whether the double bonds of one or more reacting molecules would 
have to become conjugated by isomerisation as a preliminary to union taking place by a 
reaction of Diels—Alder type. 

Actually, thermal treatment of the hydrocarbon at 270° leads to the production of a 
series of low-mdlecular polymerides of which the dimeric and trimeric members are the most 
abundant. The dimeric hydrocarbon absorbs 1-5 mols. of hydrogen per mol., the first half 
rapidly and the second half slowly, and so gives rise to a product saturated towards bromine. 
The loss of unsaturation during dimerisation is therefore 2-5 double bonds and hence the 
dimeride cannot be homogeneous; indeed, it seems likely that it is composed of about 
equal proportions of mono- and bi-cyclic material. 

On oxidation with permanganate the mixed dimeride yields formic acid together with 


1 Consideration is here restricted to thermal changes which occur in the absence of oxygen. 
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a non-homogeneous, liquid acid of high boiling point. On dehydrogenation it gives a 
product composed partly of an aromatic hydrocarbon and partly of a fully saturated non- 
aromatic hydrocarbon. The amount of hydrogen evolved during the dehydrogenation is 
rather less than 0-7 mol. and the average composition of the hydrocarbon mixture is C,)H;,,. 
The aromatic component is with little doubt o-methylpropylbenzene, C,)H,,, since it gives 
o-phthalic acid on vigorous oxidation with boiling permanganate; the nature of the satur- 
ated hydrocarbon—whether composed entirely of o-methylpropyleyclohexane formed by 
disproportionation of the monocyclic dimeride, or partly of a substituted bicyclohexane—has 
not been determined. It is clear, however, that the dimeride consists largely of a cyclo- 
hexenic substance, viz., 1-methyl-2-allyleyclohexene. 

If the two double bonds of A*-pentadiene remain unconjugated as dimerisation 
proceeds, a 1-methyl-3-allyleyclohexene might be expected to result. This would be the 
case whether the proton-addition mechanism of Whitmore (see Scheme A) or the hydrogen- 
separation mechanism were followed. If, on the other hand, one of the reacting molecules 


Scheme A. CH,iCH-CH,-CH:CH, -+ H —> CH,;:CH-CH,-CH-CH, —> 
' CH,!CH-CH,-CH-CH,-CHMe-CH,:CH:CH, —> CH,:CH-CH,-CH-CH,-CHMe-CH,CH-CH, 





Me Me 
—> CH,:CH-CH, <> or CH,:CH-CH, €=) 


Scheme B. CH,:CH-CH,°CH:CH, —> CH,:CH-CH:CHMe “"% ¢ Me 
CH,CH:CH, 


becomes conjugated before it unites with a second molecule (Scheme B) then a 1-methyl-2- 
allylcyclohexane should be formed. In support of Scheme B it may be mentioned that 
Lebedev and Slobodin (J. Gen. Chem. Russ., 1934, 4, 123) have observed that diallyl (in 
which two methylene groups separate the double bonds) passes on heating with floridin 
at 205° into an equilibrium mixture of diallyl and its conjugated isomeride, «8-dimethyl- 
butadiene, and at the same time undergoes some polymerisation. It seems, however, not 
impossible that a free-radical mechanism could function during the thermal polymerisation, 


and in this case the dimeric free-radical form, CH,!CH-CH,-CH.CH,CH,-CH-CH,:CH:CH,, 
would be a likely intermediate (see Burk, Ind. Eng. Chem., 1938, 30, 1054). 


EXPERIMENTAL. 


A**.Pentadiene—This was prepared by the method of Shoemaker and Boord (J. Amer. 
Chem. Soc., 1931, 583, 1505; see also Kistiakowsky and Vaughan, ibid., 1938, 56, 147). The 
hydrocarbon was washed many times with ice water, dried with calcium chloride, and distilled 
several times over sodium (b. p. 27—28°). 

Polymerisation.—(a) With boron trifluoride.. When the hydrocarbon (10 g.) was mixed with a 
15% solution (20 g.) of boron trifluoride in acetic acid and left for 24 hours, the products were 
unchanged pentadiene, a colourless oxygenated oil (b. p. 138°; yield, 65%) which was with little 
doubt isopentenyl acetate, CH,-CH-CH,*CHMe-OAc (Found: C, 65-55; H, 9-4; M, cryoscopic, 
129-6. C,H,,O, requires C, 65-6; H, 9-4%; M, 128), and a residue which was probably the 
corresponding diacetate, B8-diacetoxypentane. Increase in the concentration of the boron 
trifluoride gave an increased yield of acetate but no polymerisation product. When the 
hydrocarbon, in light petroleum solution, was treated at — 15° with boron trifluoride and then 
left for 16 hours at 0°, no polymerisation occurred; when, however, the trifluoride was passed 
into undiluted pentadiene at — 15°, and the mixture allowed to attain room temperature and 
then to stand overnight, a thick undistillable polymeric oil was formed. Attempts to produce 
distillable, low-molecular polymerides by modifying the conditions of reaction were unsuccessful. 

(b) By heating. Preliminary experiments in sealed glass tubes showed that little polymer- 
isation of pentadiene occurred below 225°. The hydrocarbon was accordingly placed in a well- 
cooled copper autoclave, the air in the free space displaced by nitrogen, and the closed vessel 
then electrically heated for 36 hours. At 250° polymerisation occurred to the extent of 15% 
(J—8% dimeride), at 270° to the extent of 30—35% (15—16% dimeride), and at 280—290° to 
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the extent of 90% (polymerised portion: 25% dimeride, 10—15% trimeride, 60—65% higher 
polymerides). In order, therefore, to obtain the dimeric and trimeric products unmixed with 
unduly large proportions of higher polymerides the subsequent experiments were conducted at 
270°. Distillation of the product gave a dimeric fraction (b. p. 176—179°), a trimeric fraction 
(b. p. 120—126°/1 mm.), and higher fractions of b. p. 126—140°/1 mm., 140—180°/1 mm., and 
200—205°/1 mm., which appeared to correspond very roughly with tri-, tetra-, and penta-meric 
pentadiene respectively. There remained a residue which was undistillable without decomposi- 
tion at 1 mm. 

Dimeric and Trimeric Pentadiene.—Systematic fractionation of the crude dimeric fraction 
under a Widmer column fitted with a reflux head gave a colourless oily dimeride of characteristic 
odour, boiling fairly sharply at 176°. It had n}” 1-48143 di? 0-8985 (Found: C, 88-0; 
H, 11-6; M, cryoscopic, 134, 135-2. C, 9H,, requires C, 88-2; H, 11-8%; M, 136). Thecrude 
trimeric fraction on refractionation gave a colourless, oily trimeride, b. p. 120—122°/1 mm., 
n}" 1-4912; di 0-9156; M, cryoscopic, 204-5, 203-6 (Found: C, 87-9; H, 11-55%). 

Unsaturation of Dimeride.—When hydrogenated at room temperature and atmospheric 
pressure in presence of Adams’s catalyst, the dimeride absorbed 1-46 mols. of hydrogen per mol. 
in alcohol and 1-51 mols. in acetic acid. The hydrogenated product was saturated towards 
bromine. In chloroform at 0° the dimeride absorbed 1-56 mols. of bromine. ' 

Oxidation of Dimeride with Permanganate.—To the dimeride (2 g.), dissolved in acetone 
(60 c.c.) and cooled in ice, sufficient 4% aqueous permanganate was slowly added dropwise with 
stirring to yield 8 atoms of oxygen per mol. of hydrocarbon. The flask was removed from the 
ice and left for 2 hours before the product was worked up. The residual permanganate was 
decolourised with sulphurous acid, the solution then basified (if acid), filtered to remove man- 
ganese mud, and evaporated to small bulk. The concentrate, after acidification, was extracted 
with ether in a continuous extractor, and the extract dried and evaporated. The residue was a 
pale yellow, strongly acidic, syrup which gave on careful heating at reduced pressure a small 
distillate of formic acid, but contained no oxalic acid. The main product was a non-homo- 
geneous oily acid which could not be solidified or adequately purified. Repetitions of the 
oxidation, with somewhat smaller proportions of permanganate, gave closely similar results. 

Dehydrogenation of Dimeride—The dimeride (1-4 g.) was dehydrogenated in the vapour 
phase at 178—181° in presence of 33% palladised charcoal (0-14 g.). After 64 hours the process 
was complete and 0-6 mol. of hydrogen had been evolved. The product was a colourless oil, 
b. p. 185°, of aromatic odour, which was entirely saturated towards permanganate. This oil 
had an empirical composition (Found: C, 88-8; H,11-2. Calc. for C,sH,,;: C, 88-9; H, 11-1%) 
corresponding to the production of 82% of methylpropylbenzene with 18% of methylpropyl- 
cyclohexane or 75% of methylpropylbenzene with 25% of dimethylbicyclooctane. 

Oxidation of the Dehydrogenated Dimevide.—The dehydrogenated hydrocarbon (1 mol.) was 
heated on a steam-bath with 50 c.c. of water to which successive portions of 2-5 g. of powdered 
potassium permanganate were added from time to time as reduction occurred. Nearly 20 g. of 
permanganate were reduced before reaction ceased (8 hours), and when at the end of this pro- 
cedure the manganese mud was dissolved with sulphurous acid, a thin layer of oil remained 
floating on the aqueous liquor. Retreatment of this oily layer separately for a further 6 hours 
with hot permanganate led to no further reaction. 

The filtered oxidation liquor was cooled, acidified, and extracted with ether. The extract 
yielded a crystalline acid, m. p. 195°, which was identified as o-phthalic acid by comparison with 
an authentic specimen (Found : C, 57-6; H, 3-7. Calc. for CgH,O,: C, 57-7; H, 3-6%). 


We thank the Government Grant Committee of the Royal Society and the Chemical Society 
for grants (to E. H. F. and A. A. respectively). 
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221. The Active Principles of Leguminous Fish-poison Plants. 
Part V. Derris malaccensis and Tephrosia toxicaria. 
By STANLEY H. HARPER. 


The resin from D. malaccensis root has been fractionated by chemical means, and 
l-«-toxicarol obtained in a pure condition. In addition rotenone, elliptone, deguelin, 
malaccol, sumatrol, and a new phenol have been isolated. The properties of this 
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phenol, which is isomeric with toxicarol, are discussed and as a working hypothesis an 
isoflavone structure (IV) is suggested. 

The resin from T, toxicaria root has been similarly fractionated, and rotenone, 
l-a-toxicarol, and sumatrol isolated. 


In Part I (J., 1939, 812) the isolation of /-«-toxicarol from Derris malaccensis root and its 
separation from sumatrol was examined, the properties of the substance agreeing with those 
recorded by other workers (Tattersfield and Martin, J, Soc. Chem. Ind., 1937, 56, 777; 
Cahn, Phipers, and Boam, J., 1938, 513). It was pointed out, however, that it did not 
behave on analysis as a pure substance, particularly in view of its high methoxyl content, 
and the suggestion was made (Chem. and Ind., 1938, 57, 451) that a third substance might 
be present. Cahn, Phipers, and Boam (loc. cit.) too had suggested the possibility of a third 
substance, other than sumatrol, in the crude product. Subsequently malaccol was isolated 
in small yield from this root (Meyer and Koolhaas, Rec. Trav. chim., 1939, 58, 207; Harper, 
this vol., p. 309), although separating in a different fraction to the toxicarol, and it was 
uncertain to what extent this affected the previous findings. From the experience gained 
and the material accumulated in the work on malaccol it has been possible to re-examine 
successfully the question of the homogeneity of /-«-toxicarol. 

The ethereal extract of the root was therefore fractionated according to the following 
scheme : 

Extract of root in ether 


Ist Crop 2nd Crop Filtrate 





F ae A Fraction B 
Malaccol + sumatrol Toxicarol + sumatrol + isoflavone Extracted with 5% Na,CO, 


Residue Extract 





Extracted with 2% KOH Fraction C 
Phenolic acids 


Residue Extract 





| , 
Extracted with 5% KOH pm D 
Phenols with soluble potassium salts 


Residue Extract 





Nowijat resin added to Fraction B 
Rotenone + deguelin + elliptone Toxicarol 


The first precipitate, which was gelatinous and separated before the crystalline toxicarol, 
was shown (this vol., p. 309) to contain malaccol, and the acetone filtrate from this has 
deposited only sumatrol on keeping for as long as six months in the refrigerator. The 
second precipitate of crude toxicarol constituting the main bulk of the resin was examined 
in detail as described below. When on concentration of the ethereal solution and refriger- 
ation no further toxicarol would separate, the solution was extracted first with sodium 
carbonate to give a fraction of phenolic acids and secondly with 2% potassium hydroxide 
solution, which separated a phenolic fraction,. This was distinct from toxicarol because it 
gave a soluble potassium salt and failed to crystallise from ether; these fractions were not, 
however, examined in detail. Subsequent extraction with 5% potassium hydroxide 
solution gave the characteristic insoluble yellow salt of toxicarol, which was acidified under 
ether, and the toxicarol that crystallised added to that obtained previously. The ethereal 
extract then gave on evaporation the neutral resin, which, by the method elaborated for 
the separation of elliptone (J., 1939, 1099), was shown to contain rotenone, deguelin, and 
elliptone. Neither of the last two has previously been reported as occurring in D. malac- 
censis. An account of this is, however, reserved for a subsequent communication. 

The crude toxicarol was first fractionated from ethyl acetate solution. After ten 
crystallisations a series of head fractions of toxicarol of constant specific rotation ([a]>” 
— 67° in benzene) were taken off until no more would separate. This material, although 
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bright yellow and devoid of the greenish tinge reported previously (Cahn, Phipers, and 
Boam, loc. cit.), was expected to contain sumatrol. These head fractions were therefore 
fractionated from ether by the method described previously (J., 1939, 812). The fractions 
obtained, however, had the same specific rotation and both sumatrol and malaccol, which 
is also sparingly soluble in ether, were absent. This material was thus homogeneous and 
therefore pure /-a-toxicarol. The pure /-«-toxicarol so obtained, giving the correct 
analysis for C,,H,.O,, crystallised from ether and ethyl acetate-alcohol in bright yellow 
laths in an indefinitely solvated condition, m. p. 100° and 103° respectively, but from light 
petroleum in unsolvated yellow prisms, m. p. 127°. It is characterised by a marked retent- 
ivity of solvent, which in the case of ether is only removed by fusion in a vacuum. No 
doubt is felt as to the purity of this material, because the method of fractionation with these 
two solvents would quickly remove impurities, toxicarol going first to the head and then to 
the tail of the crystallisations. Its analysis is correct and moreover it gives derivatives in 
'-an optically pure condition without recrystallisation. Catalytic hydrogenation gave 
|-dihydrotoxicarol, m. p. 179°, [«]>” — 30° in benzene, properties which were unchanged 
after regeneration of the substance from the twice crystallised acetate. Racemisation by 
sodium acetate—alcohol gave a high yield of dl-«-toxicarol, m. p. 219°, giving no colour in 
the Goodhue test and therefore free from §-toxicarol. The author has obtained similar 
material by using, on earlier samples of toxicarol, the purification method of Cahn, Phipers, 
and Boam (loc. cit.), whereas they themselves report a melting point of 233° and state that 
dl-«-toxicarol of m. p. 219° contains 4-5% of 8-toxicarol. This discrepancy cannot be 
accounted for. It is noteworthy that Jones [Ind. Eng. Chem. (Anal. Edit.), 1939, 11, 429], 
in preparing dl-a-toxicarol by the above authors’ method, was unable to raise the m. p. 
above 217° (corr.), though his material still contained a trace of 8-toxicarol, and that Clark 
(J. Amer. Chem. Soc., 1930, 52, 2461), who first isolated d/-a-toxicarol, reported 219° (corr.). 

The ethyl acetate mother-liquors from the toxicarol fractionation gave on concentration 
a small crop of a substance closely simulating toxicarol. By repeated crystallisation from 
ethyl acetate it was obtained in pale yellow needles melting at 219°. Like dl-a-toxicarol, 
it was optically inactive and phenolic, giving a deep green colour with alcoholic ferric 
chloride; a mixture, however, gave a well-marked depression of melting point. Their non- 
identity was further shown by the negative Durham test given by this substance and a 
methoxyl content of 22-6% as against 15-1% for toxicarol. Elementary analysis, coupled 
with the methoxyl content, established that the substance has the formula C,,H,,O, and 
is thus isomeric with toxicarol and sumatrol, but has three instead of two methoxyl groups 
per molecule. Analyses of derivatives described below are in accord with this formula. 
This substance readily forms solid solutions with /-«-toxicarol and it is therefore probable 
that, coupled with the retention of solvent, it accounts for the high methoxyl contents 
recorded previously for /-«-toxicarol. 

It has not been possible in present circumstances to make a complete examination of this 
substance, but with the material available some of its reactions have been studied. From 
earlier work a positive Durham test would seem to be specific for the chromenochromanone 
ring structure A, B, C, and D as in toxicarol (I) and sumatrol (II), which is therefore 
modified or absent in this substance. Moreover it is impossible to formulate a structure of 
this type containing an additional methoxyl group which yet remains isomeric with toxi- 
carol and sumatrol. Acetylation and papers give respectively O-monoacetyl and 
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O-monobenzoyl derivatives, giving no colour with ferric chloride, and so establishing the 
presence of one phenolic hydroxyl group. The strong ferric chloride reaction, coupled 
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with the insolubility in alkali, suggests the presence of a keto-group ortho to the hydroxyl 
group, as in toxicarol (I) and sumatrol (IT). 

Attempts to establish the presence of a keto-group by oximation were unsuccessful, 
but in the light of the difficulty of oximating toxicarol (George and Robertson, J., 1937, 
1535) and of sumatrol (Robertson and Rusby, ibid., p. 497) this cannot be regarded as 
excluding its presence. If present, it must be incapable of enolisation, as under the con- 
ditions used for monoacetylation and monobenzoylation toxicarol gives in addition to 
mono-derivatives diacetyl- and dibenzoyl-toxicarol through enolisation of the keto-group. 
This substance is therefore more akin to dehydrotoxicarol (III), which, being incapable of 
enolisation, gives only a monoacetyl derivative and moreover a negative Durham test. 
Methylation of this substance with methyl sulphate in potassium carbonate-acetone, giving 
a monomethyl ether, further distinguishes it from toxicarol, which under similar conditions 
suffers fission of ring C to give an O-dimethyl derivative (Cahn, Phipers, and Boam, 
J., 1938, 734). The stability of this substance to boiling alcoholic sulphuric acid precludes 
its formulation as an ether of the type of the rotenolone methyl ethers, for these lose methyl 
alcohol under such conditions (LaForge and Haller, J. Amer. Chem. Soc., 1934, 56, 1620). 
It does not, however, exclude the presence of an tsopropenyl furan ring, since, although 
rotenone is readily isomerised to isorotenone in the presence of acid, sumatrol is recovered 
unchanged (Robertson and Rusby, Joc. cit.). 

It is not possible from this evidence to establish a formula with any degree of certainty ; 
nevertheless, occurring with toxicarol and sumatrol, the substance is likely to be closely 
related to them. Therefore as a working hypothesis the isoflavone structure (IV) is 
suggested. 

MeO 
MeO CO OH 
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The isolation of this substance in an optically inactive form by direct crystallisation suggests 
its presence in the resin as such. Preference is therefore given to the presence of a 2 : 2- 
dimethyl-A*-chromen ring as in toxicarol instead of the isopropenyl furan ring of sumatrol 
with its asymmetric carbon atom. The isoflavone structure is preferred to that of a 
flavone, which also is consistent with the data, owing to the closer relationship of the 
former to toxicarol. Such a formula, if substantiated, is of great biochemical interest as 
suggesting a link in the biogenesis of toxicarol in the plant. Moreover the possibility is 
presented of there being a series of isoflavones in the plant corresponding to rotenone, etc., 
and similarly constituted. 

dl-«-Toxicarol was isolated by Clark (Science, 1930, 71, 396; J. Amer. Chem. Soc., 
1930, 52, 2461) from the roots of Tephrosia toxicaria previous to its isolation from 
D. malaccensis (Spoon, De Indische Mercuur, 1932, 55, 181). Subsequently the isolation of 
l-a-toxicarol from the latter showed that toxicarol was present in the root as the optically 
active form. It therefore seemed probable that toxicarol was present as /-«-toxicarol in 
T. toxicaria. This point has now been elucidated, roots of T. toxicaria from both Malaya 
and British Guiana being used. To facilitate crystallisation, the phenols were separated 
through their potassium salts and crystallised from ether. After seeding and prolonged 
refrigeration crude optically active toxicarol separated, which by the ether trituration 
method (J., 1939, 812) was separated into sumatrol and /-«-toxicarol, though the small 
quantities prevented complete purification. This is the first recorded instance of the 
occurrence of sumatrol other than in Derris root and suggests that it generally accompanies 
toxicarol. Rotenone was readily separated by crystallisation of the neutral resin from 
carbon tetrachloride, though its presence in this species has not previously been recorded. 
It is known, however, to occur in several other species of Tephrosia. Subsequent to the 
completion of this work Castagne (Contribution a l’Etude Chimique des Légumineuses 
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Insecticides du Congo Belge, Brussels, 1938) has reported the isolation of rotenone from 
this species, but failed to isolate optically active toxicarol. 


EXPERIMENTAL. 


Microanalyses are by Drs. Weiler and Strauss, Oxford. Methoxyl determinations are by 
the author, using Clark’s semimicro-method (J. Assoc. Off. Agric. Chem., 1932, 15, 136). Melting 
points were observed in Mason’s apparatus (Chem. and Ind., 1925, 577) and are uncorrected. 

A number of extractions and fractionations were carried out and this is a typical experiment. 
The finely ground air-dried root (1320 g.) was extracted to completion with ether in a large 
Soxhlet apparatus. The extract (1-5 1.), on standing overnight, deposited a gelatinous precip- 
itate (fraction A), which was filtered off and air-dried (25 g.). The filtrate on refrigeration 
rapidly deposited hard crystalline masses of crude toxicarol. A further quantity could be 
obtained by concentrating and keeping the filtrate (131 g., fraction B). The ethereal solution 
was then washed with successive portions of 5% sodium carbonate solution until nothing further 
was extracted; acidification of these gave fraction C (12 g.). A similar washing with 2% 
potassium hydroxide solution, acidification, and recovery through ether gave fraction D (14 g.). 
The ethereal solution was finally extracted with 500 c.c. of 5% potassium hydroxide solution, 
giving a copious precipitate of the yellow potassium salt of toxicarol, which was recovered by 
acidification under ether and crystallisation (25 g., added to fraction B). The remaining neutral 
ethereal extract was washed with acid and water and evaporated, and the residue heated on the 
steam-bath in a vacuum for 30 mins. to give the neutral resin (35 g.). The examination of this 
resin will be reported in a forthcoming communication. 

Fraction A. The examination of this fraction was reported recently (this vol., p. 309), 
when it was shown to contain malaccol and sumatrol. Further crystallisation of the mother- 
liquors has led only to sumatrol. 

Fraction C. This acid fraction was obtained by filtration and drying in a vacuum as a red 
resin, [a]p + 18° (approx.) in acetone, soluble in ethyl acetate and acetone, but not in hydro- 
carbon solvents (Found: OMe, 6-5%). With alcoholic ferric chloride it gave an intense red- 
brown colour and in the Durham test only a very faint green. 

Fraction D. This fraction, obtained as a red resin, gave a deep green colour with alcoholic 
ferric chloride; it had [a]p — 31° in benzene (c, 1-354; J, 1) (Found: OMe, 12-6%). A solution 
in ether on keeping deposited a small crop of yellow dehydro-compounds and the resin on 
recovery gave a negative Durham test. It could not be obtained crystalline and so was not 
further examined. This fraction is quite distinct from the phenols soluble in 5% potassium 
hydroxide solution in giving a soluble potassium salt. 

Fraction B. These were bulked from several separations. The crude toxicarol (900 g.) 
was divided into six lots and crystallised at 0° from 2 vols. of ethyl acetate; further crystallis- 
ations separated the material roughly into fractions of differing solubility, which were then 
subjected to a rigorous fractional crystallisation. After ten crystallisations the head fraction 
had reached constant specific rotation, [«]) — 67° in benzene (c, 5-00; /, 1),* and a series of head 
fractions with this rotation were taken off (250 g., fraction E). The ethyl acetate solutions 
were then bulked and concentrated ; no further toxicarol separated, but a small crop of material, 
obviously not toxicarol though with m. p. 100—105°, was obtained (2 g., fraction F). The 
ethyl acetate solution was evaporated, and the resin dissolved in ether (2 1.) and washed with 
500 c.c. of 2% potassium hydroxide solution. After drying, the ethereal solution was refriger- 
ated, crude toxicarol separating rapidly. A further crop was obtained by concentration (302 g., 
fraction G). The filtrate has not so far deposited any further crystals. 

Fraction E. This was fractionated by mechanical shaking with 10 vols. of ether for 30 mins., 
filtration, and concentration of the filtrate to one-third of its bulk for crystallisation. The 
insoluble residue was re-treated with ether (cf. J., 1939, 812) as follows : 

240 g., fn —67° 


Filtrate Residue 


136 g., [alp ere, OMe 15-1% 80 g. 





Filtrate Residue 





42 g., [alp _ete, OMe 15-3% 25 g., tp —67° 
* All samples of toxicarol, unless otherwise stated, were fused in a vacuum at 110° for 30 mins. 
before analysis and determination of [a]p in'5% benzene solution. 
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The major most soluble fraction was therefore unchanged and is undoubtedly pure L«- 
toxicarol. As a check a 20 g. portion was re-treated with ether, giving from the filtrate a crop 
(11:5 g., [a]p — 67-4°, OMe 152%), and a residue (6-0 g., [a]p — 67-4°, OMe 15:0%). The 
material was therefore homogeneous. 

l-a-Toxicarol crystallised from ether in bright yellow laths, m. p. 100° with evolution of 
solvent. The crystals contained ether, which was only slowly lost on drying but did not 
correspond to any simple solvate [Found : OMe (air-dried material), 17-0; (material dried in a 
vacuum at 75° for 6 hrs.), 16-3; (material fused in a vacuum) C, 67-4; H, 5-6; OMe, 151. 
Calc. for C,sH,,0,: C, 67-3; H, 5-4; OMe, 15-1%]. From ethyl acetate—alcohol it crystallised 
in a similarly solvated condition in bright yellow laths, m. p. 103° [Found: OMe (material 
dried in a vacuum at 75° for 6 hrs.), 16-0%]. However, from light petroleum (b. p. 60—80°) 
|-a-toxicarol crystallised in unsolvated yellow prisms, m. p. 127°, [a]? — 67° in benzene, 
+ 37° in chloroform, and + 61° in acetone (c, 5-00; 1, 1) [Found: OMe (air-dried material), 
15°1%]. It gave no colour in the Goodhuetest (J. Assoc. Off. Agric. Chem., 1936, 19, 118). 

1-Dihydrotoxicarol.—Reduction of /-«-toxicarol as described previously (J., 1939, 815) gave 
|-dihydrotoxicarol in pale yellow needles, m. p. 179°, [a]?*° — 30° in benzene (c, 5-00; /, 1) 
(Found: OMe, 15-1. Calc. for C,,H,,O0,: OMe, 15-0%). Acetylation (loc. cit.) gave the 
Q-acetyl derivative in colourless needles, m. p. 184°, [a]? + 59° in acetone (c, 5-06; 7, 1) 
(Found: OMe, 13-6. Calc. for C,,H,,O,: OMe, 13-6%). Cahn, Phipers, and Boam (J., 1938, 
534) have stated that this compound can be hydrolysed by boiling with 5% alcoholic hydro- 
chloric acid for 30 mins.; repetition of this, however, led to mainly unhydrolysed material. 
Finally the compound was refluxed with 5% alcoholic sulphuric acid for 6 hrs.; on cooling, 
|-dihydrotoxicarol of the same m. p. and rotation as above separated, unaltered by further 
crystallisation. 

dl-«-T oxicarol.—l-a-Toxicarol (5 g.) and sodium acetate (10 g., anhydrous) were refluxed 
for 2 hrs. in ethyl alcohol (100 c.c.). The liquid was filtered hot, and the solid washed with 
alcohol and hot water, to give dl-a-toxicarol (4-0 g.), m. p. 219°. The m. p. was not raised by 
crystallisation from acetic acid (Found: OMe, 15-0%). The product gave no colour in the 
Goodhue test and was therefore free from $-toxicarol. 

Fraction F .—After four crystallisations from ethyl acetate, in which it was sparingly soluble, 
this fraction gave a substance in pale yellow needles, m. p. 219°, ap + 0° in chloroform. In the 
Durham test it gave no colour, but with alcoholic ferric chloride a deep green colour and with 
concentrated sulphuric acid a deep orange non-fluorescent solution were obtained. Before 
analysis this and its derivatives were dried in a vacuum at 100° for 1 hour (Found: C, 67:3; 
H, 5-45; OMe, 22-6. C,,H,,O0, requires C, 67-3; H, 5-4; 30Me, 22-7%). 

O-Monoacetyl derivative. The substance (98 mg.) was refluxed in acetic anhydride (1 c.c.) 
and pyridine (0-5 c.c.) for 1 hour and poured into water. The precipitate was crystallised from 
alcohol to give the monoacetate in colourless needles, m. p. 210° (Found: C, 66-1; H, 5-25; 
OMe, 20-65. C,,H,,O, requires C, 66-35; H, 5-3; OMe, 20-6%). It gave no colour with 
alcoholic ferric chloride. 

O-Monobenzoyl derivative. The substance (100 mg.) was refluxed with benzoyl chloride 
(0-2 c.c.) and pyridine (1 c.c.) for 1 hour. After decomposition with water the precipitate was 
dissolved in chloroform—alcohol and crystallised by evaporation of the chloroform. The 
monobenzoate was obtained in colourless prisms, giving no colour with ferric chloride; m. p. 193° 
(Found: C, 68-7; H, 5-0; OMe, 18-3. C, .H,,O, requires C, 69-9; H, 5:1; OMe, 18-1%). 

O-Monomethyl derivative. The substance (100 mg.), methyl sulphate (0-5 c.c.), and 
potassium carbonate (200 mg.) were refluxed for 6 hours in acetone (15c.c.). Next day the ferric 
chloride reaction was still positive, so methyl sulphate (0-5 c.c.) and potassium carbonate (200 mg.) 
were added and refluxing continued for another 6 hours; the ferric reaction was then negative. 
By pouring into water and crystallisation from benzene—light petroleum the ether was obtained 
in colourless prisms (82 mg.), m. p. 178° (Found: C, 66-4; H, 5-4; OMe, 28-0. C,,H,,O, 
requires C, 67-9; H, 5-7; OMe, 29-2%). 

Fraction G.—From the analysis ([«]) — 84°; OMe, 15-2%) this fraction appeared to consist 
only of a mixture of toxicarol and sumatrol. After two crystallisations from ethyl acetate— 
alcohol it was subjected to ether trituration (as described for fraction E), giving a residue (30 g.) 
of nearly pure sumatrol, m. p. 190°. The ethereal filtrates were concentrated, and the crops 
recrystallised from ethyl acetate-alcohol to give pure toxicarol identical with that prepared 
above. 

Tephrosia toxicaria.—The ground root (1500 g.) (from Malaya) was extracted with ethyl 
acetate in a large Soxhlet apparatus. The pale red extract was evaporated, and the resin treated 
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with two 500 c.c. portions of ether, filtering into a separating-funnel. This extract was washed 
with successive portions of 5% potassium hydroxide solution saturated with sodium chloride. 
Only those portions were retained that gave a yellow precipitate of toxicarol salt. The neutral 
ethereal layer was dried and evaporated, and the resin (29 g.) dissolved in carbon tetrachloride 
(150 c.c.). After seeding and refrigeration, rotenone-carbon tetrachloride solvate (6-0 g.) 
separated. MRecrystallisation from carbon tetrachloride and then from alcohol gave rotenone 
(3-2 g.; yield, 0-2%, calculated on the weight of root), m. p. 163-5°, undepressed on admixture 
with an authentic specimen. The alkaline extracts, containing yellow potassium salt, were 
acidified under ether, and the extract washed, dried, and concentrated to 200c.c. On standing 
overnight, dehydro-compounds (0-3 g.) separated; then, on refrigeration over a period of 4 
months, the filtrate deposited crude /-«-toxicarol (9-2 g.). This was crystallised once from ethyl 
acetate—alcohol and then triturated with ether. The residue on crystallisation from ethyl 
acetate gave a small crop of dehydrotoxicarol and on addition of alcohol to the filtrate a crop 
of sumatrol (0-6 g.) admixed with dehydro-compounds. After separation by hand the sumatrol 
had m. p. 182°, undepressed on admixture with an authentic specimen. The ether-soluble 
fraction on concentration gave /-«-toxicarol (3-0 g.). Crystallised once from ethyl acetate- 
alcohol, it had m. p. 98°, [a]p — 77° in benzene. The m. p. was undepressed by an authentic 
specimen, but this preparation evidently still contained sumatrol. 

Extraction of a sample of T. toxvicaria from British Guiana gave similar results, both rotenone 
and toxicarol being isolated. 


I am indebted to the Directors, the Departments of Agriculture, Malaya, and British Guiana, 
for the supply of root, and to the Ministry of Agriculture and the Colonial Development Fund 
for grants which have made this work possible. 


INSECTICIDES AND FUNGICIDES DEPARTMENT, ROTHAMSTED EXPERIMENTAL STATION, 
HARPENDEN, HERTS. [Received, July 1st, 1940.] 





222. The Stereochemistry of 3-Covalent Arsenic. Isomeric Forms of 


5 : 10-Di-p-tolyl-5 : 10-dihydroarsanthren. 
By JosEpH CHATT and FREDERICK G. MANN. 


Physical evidence indicates that the 3-covalent arsenic atom has a pyramidal con- 
figuration with an intervalency angle of ca. 97°. 5: 10-Di-p-tolyl-5 : 10-dihydroarsan- 
thren (III) should therefore be folded along the As—As axis, and should exist in two 
isomeric forms, a third form being impossible owing to the position of the tolyl groups. 
These two isomeric forms have now been isolated. 

They both give the same tetrabromide and teivahydroxide, since these have planar 
molecules in which isomerism cannot persist. They give, however, distinct isomeric 
monomethiodides. 

The arsenic atoms in the ditolyl compounds show a marked reluctance to assume 
simultaneously the 4-covalent condition. The dimethiodide, disulphide, and mono- 
sulphide-monomethiodide could not be prepared, but a very stable dibromide, which 
probably has the quinonoid structure (V), and a monosulphide were obtained. 


THERE is considerable evidence—mainly physical in character—to show that stereo- 
chemically the 3-covalent arsenic atom can be regarded as being at the top apex of a partially 
flattened tetrahedron, the intervalency angles at the arsenic atom being about 100° instead 
of the normal value (60°). For instance, Sutherland, Lee, and Wu (Trans. Faraday Soc., 
1939, 35, 1373) have shown by spectroscopic investigation that arsine has a pyramidal 
molecule, in which the height of the pyramid is 0-75 a., and the intervalency angle H-As—H 
is 97° + 3°. Furthermore, electron-diffraction studies of gaseous arsenious compounds 
have given the following intervalency angles: AsCl,, Cl-As—Cl = 103°+ 3°; AsBr,, 
Br—-As-Br = 100° + 2°; AslI;, I-As-I, 100° + 2°; AsMe,, C-As-C = 96° + 5° (Pauling 
and Brockway, J. Amer. Chem. Soc., 1935, 57, 2684; Gregg, Hampson, Jenkins, Jones, 
and Sutton, Trans. Faraday Soc., 1937, 33, 852; Springall and Brockway, J. Amer. Chem. 
Soc., 1938, 60, 996). 
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The essential stereochemistry of 3-covalent arsenic is, however, implicit in the crystal 
structure of the element, a fact which emerges from a consideration of the results obtained 
by Bradley (Phil. Mag., 1924, 47, 657). Crystalline arsenic consists of parallel planes of 
atoms; consecutive planes are not equidistant, however, but are arranged in pairs, the 
distance between two planes forming such a pair being markedly smaller than that between 
two such pairs. For example, in Fig. 1 the arsenic atoms As*—As?’ are in the upper, 
and the atoms As*’—As? are in the lower plane of one of these pairs, and the distance 
between the atom As‘ and the nearest atoms in the plane below (As®, As®, As?®) is 2-51 a. ; 
the distance, however, between the atom As‘ and the nearest three atoms in the plane 
above is 3:15 A. Furthermore, the distance between the atom As‘ and the six nearest 
atoms in the same plane (As‘—As®, As®—As’) is 3:77 a. In view of these distances, it 
necessarily follows that the atom As‘ is covalently linked only to the three nearest lower 
atoms As®, As®, and As”, and that an atom in the lower plane (e.g., As*) is linked only 
to the three similarly situated in the upper plane (As!, As*, As*). The arsenic molecule 
has therefore infinite length and breadth, but has a depth corresponding only to that of 
the above two atomic planes. Moreover, the intervalency angle (e.g., As*-As*-As®) is 97°. 
(It is noteworthy that although antimony and bismuth are isomorphous with arsenic, 
the distances between consecutive planes tend to become equal as the element becomes 


more metallic in character; ¢.g., the distances corresponding to 2-51 and 3-15 in arsenic 
are 2-87 and 3-37 in antimony, and 3-11 and 3-47 in bismuth.) 

The evidence for the stereochemistry of 3-covalent arsenic arising from a study of 
its organic derivatives is less conclusive. The resolution of 10-alkyl(or aryl)phenoxarsine- 
2-carboxylic acids (I; R = Me, Et, or Ph) by Lesslie and Turner (J., 1934, 1170; 1935, 

1051, 1268; 1936, 730) can be reasonably interpreted only on the 

assumption either that the three rings are coplanar and the group R 

O,H projects above or below this plane, or (far more probably) that the 

‘As intervalency angle C-As-C within the ring has a value which 

R necessitates a folding of the molecule about the O—As axis. In the 

(1) latter case, a planar distribution of the valencies of the arsenic 

2 atom, although unlikely, is not excluded. It should be noted that 

Allen, Wells, and Wilson (J. Amer. Chem. Soc., 1934, 56, 233) have investigated certain 

derivatives of 7-chloro-7 : 12-dihydro-y-benzophenarsazine, but their results are too 
scanty and inconclusive to have any reliable significance. 

To obtain decisive evidence for the non-planar valency disposition of the 3-covalent 
arsenic atom in its organic compounds, we have studied certain derivatives of 5 : 10-di- 
chloro-5 : 10-dihydroarsanthren (‘‘arsanthrene dichloride”) (II), the preparation of 
which by Kalb’s method (Annalen, 1921, 423, 74) we have improved. This compound on 
treatment with a Grignard: reagent prepared from pure #-bromotoluene readily gave 
5 : 10-di-p-tolyl-5 : 10-dihydroarsanthren (III). We selected this compound because it is 
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more stable than the original (and stereochemically very similar) dichloro-compound, and 
p-tolyl groups were inserted rather than phenyl or alkyl groups because it was thought 
that a marked dipole at the arsenic atoms might enhance the physical differences between 
the isomeric forms which we hoped to obtain. 


CoH,Me 


q 
wo OO OKO 
is ‘As 


C,H,Me 


Consideration of formula (III) shows at once that if the valencies of each arsenic atom 
are to be mutually inclined at an angle of ca. 97°, the molecule cannot be planar, and in 
particular, that it must be folded across the As—As axis in order to maintain this value 
for the two C—As-C angles within the central ring. This folding can apparently lead 
to the production of three isomeric forms: these are shown diagramatically in (IIIa), 
(IIIs), and (IIIc), (Fig. 2), in all of which the arsenic atoms and the right-hand benzene 
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ring are in the plane of the paper, whilst the left-hand benzene ring and its two o-valencies 
project above this plane, 4.e., towards the observer. In (IIIA) the two #-tolyl groups 
(denoted by T) are in the cis-position relative to one another, and both project towards 
the observer, 7.¢., they are within the angle subtended by the two wings of the molecule ; 
valency considerations now demand that these groups should also project away from the 
centre of the molecule as shown. In (IIIs), the tolyl groups are again in the cis-position, 
but now both project below the plane of the paper; to maintain the requisite intervalency 
angles at the arsenic atoms, these groups must now also project towards one another. 
In (IIIc), the tolyl groups are in the trans-position, so that the upper group T? projects 
above the plane of the paper (as in IIIa), and the lower group T? projects below this 
plane (as in IIIs). [The general type of isomerism is thus very similar to that of the 
thianthren disulphoxides (Taylor, J., 1935, 625), except for the smaller intervalency angle 
at the arsenic atoms.] If, however, models of the three isomers (IIIa, B, and c) are con- 
structed, it becomes at once evident that, owing to this small angle, the two cis-tolyl 
groups in (IIIB) become almost coincident in space, and that this form cannot therefore 
exist. On the other hand, satisfactory models for the two forms (IIIa) and (IIIc) can 
be readily constructed. 

These theoretical conclusions are in complete accord with our experimental results. 
We have subjected the ditolyl compound to a prolonged and exhaustive process of frac- 
tional crystallisation and have succeeded in isolating two isomeric forms; the «-isomer 
crystallises in small colourless leaflets, m. p. 178—179°, and the f-tsomer in large colour- 
less bipyramidal crystals, m. p. 179—181°, a mixture of equal quantities of both forms 
having m. p. 144—158°. Each form shows a normal molecular weight in boiling acetone 
solution and, moreover, possesses high stability, since it can be maintained in a molten 
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condition about 10° above its m. p. for 10 minutes without undergoing either decom- 
position or conversion into the other form. No trace of a third isomeric form could be 
detected. 

The crystal habit of the «- and the @-form, and their mixed m. p., prove that they are 
true isomers, in spite of their almost identical m. p.’s. The method of preparation shows 
beyond reasonable doubt that they must have the same structure, .e., that the tolyl 
groups are united to the arsenic atoms in both compounds. Their isomerism is further 
proved by a study of the following derivatives. 

Tetrabromide and tetrahydroxide. An X-ray crystal analysis of trimethylstibine 
dichloride, dibromide, and di-iodide (Wells, Z. Krist., 1938, 99, 367) has shown that in these 
compounds the antimony atom is in the centre of an equilateral triangle having the 
methyl groups at its apices, and that the halogen atoms lie at equal distances above and 
below the antimony atom on an axis perpendicular to the plane of the triangle. Now 
both the «- and the $-form of the ditolyl compound react readily in chloroform solution 
with 2 mols. of bromine to give 5: 10-ditolyl-5 : 10-dihydroarsanthren 5:5: 10: 10- 
tetrabromide (IV); if Wells’s results apply equally to arsenic derivatives, it follows that 

the C-As-C angles within the ring have now become 120°, and that in 

T consequence all three rings and the two tolyl groups are now in the 

| i= plane of the paper, and that the bromine atoms lie vertically above 
OF and below the arsenic atoms. Hence each form of the ditolyl isomers 
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Be should give the same tetrabromide. Since, however, the tetrabromide 

\AY was readily affected by damp air and was difficult to purify, it was 

ni” converted by the action of aqueous ammonia into the corresponding 

| tetrahydroxide, which clearly must have the same structure. This was 

(IV.) a stable and well-crystallised compound, and in accordance with 

expectation the same tetrahydroxide (and therefore the same tetra- 

bromide) was obtained both from the «- and the §-form of the original ditolyl compound. 

The tetrahydroxide on heating underwent dehydration to the corresponding dioxide : 

this proves its constitution, since it could not therefore be a trihydrated monoxide, which 
would have an almost identical composition. 

The tetrabromide afforded further evidence for the non-existence of a third isomeric 
form of the ditolyl compound (III). When the tetrabromide in chloroform solution was 
reduced with sulphur dioxide, the bromine atoms were readily removed, and the ditolyl 
compound regenerated in almost theoretical yield. In these circumstances a mixture of 
all possible isomeric forms might well be formed, particularly if these forms did not possess 
any marked difference in stability. The product was found actually to be an isomeric 
mixture of m. p. 140—160°. Since identification of the components by fractional crystal- 
lisation was too difficult and uncertain, an X-ray powder photograph was taken of this 
mixture; comparison with a similar photograph of a mixture of equal quantities of the 
pure a- and $-ditolyl compounds showed that the two mixtures had identical components 
(although present in different proportions) and that the first mixture, obtained by reduc- 
tion of the tetrabromide, did not contain a third isomeric form. 

Methiodides. The a-isomer gives a monomethiodide, crystallising from alcohol with a 
molecule of solvent, and from water in the anhydrous state, m. p. 176—179°. The 
8-isomer gives an isomeric monomethiodide, of different crystalline habit, crystallising from 
alcohol without combined solvent (m. p. 176—179°) and from water as a monohydrate. 
A mixture of the two methiodides had m. p. 167—175°. 

It is noteworthy that all our attempts to convert either of these monomethiodides 
into a dimethiodide have failed; ¢.g., they are unaffected by 6 hours’ boiling with methyl 
iodide in methyl alcohol. There is no apparent steric reason for this inability to form a 
dimethiodide, for if the upper arsenic atom in (IIIa) were to combine with methy] iodide, 
it would obtain a tetrahedral configuration and consequently cause a partial unfolding 
of the ringed system. Furthermore, the increase in intervalency angle of this arsenic 
atom from ca. 97° to ca. 109°, whilst leaving the tolyl group in the same general position 
relative to the now more open ring system, would cause the methyl group to be projected 
below the plane of the paper and slightly away from the centre of the molecule. The 
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lower arsenic atom is thus clearly exposed to attack by a second molecule of methyl 
iodide. Similar reasoning may be applied to the isomeric form (IIIc). 

The reason for the inertness of the monomethiodide is probably electronic rather than 
steric; ¢.g., if the upper arsenic atom in either (IIIa) or (IIIc) were to unite with methyl 
iodide, the arsonium ion as formed would exert a very strong inductive effect (compare 
Ingold, Shaw, and Wilson, J., 1928, 1280), which would be readily transmitted through 
the neighbouring o-phenylene groupings. Consequently, there would be a marked electron 
drag away from the lower arsenic atom, which in these circumstances might well be 
unable to combine with methyl iodide. Phenazine shows a similar behaviour (Kehrmann 
and Havas, Ber., 1913, 46, 343). 

The reluctance of both arsenic atoms in the isomeric ditolyl compounds (III) to assume 
simultaneously a covalency of four is shown also in other derivatives. When the tetra- 
bromide (IV) was treated with an excess of sodium sulphide, sulphur was liberated and 
5 : 10-dt-p-tolyl-5 : 10-dihydroarsanthren monosulphide was formed; this monosulphide, 
when mixed with excess methyl iodide, slowly liberated sulphur and gave a mixture of 
the isomeric «- and 6-monomethiodides. All our attempts to prepare a disulphide or a 
monosulphide-monomethiodide failed. The monosulphide could also exist in two isomeric 
forms: a pure single compound was, however, readily obtained by recrystallisation of 
the crude product, which therefore could have contained very little (if any) of a second 
isomeric form. 

When, however, the tetrabromide was treated with hydrogen sulphide, the mono- 
sulphide was again formed but was always accompanied by 5 : 10-di-p-tolyl-5 : 10-dihydro- 
arsanthren dibromide. This compound is of great interest; it can readily be obtained 
by treating the tetrabromide with excess acetone, or by treating the monosulphide with 
bromine. Its properties, however, afford strong evidence that the two bromine atoms 
are not joined to one arsenic atom, but that the compound has assumed the planar quin- 
onoid structure (V) and hence is an ionised bis(arson uin bromide) salt. The evidence for 

this structure is: (1) the dibromide is moderately soluble in hot water, 


| ~ alcohol, and most polar solvents, but not in benzene and ether; (2) it 
can be readily purified by recrystallisation from rectified spirit, whereas 
Y = che gh arsine dibromides of type R,AsBr, in these conditions usually give the 


L corresponding hydroxybromide, R,AsBr(OH); (3) it reacts very slowly 

~ “As with hydrogen sulphide to give the monosulphide, whcreas arsine di- 

“Be bromides usually react readily with hydrogen sulphide; (4) it has a very 

high m. p. (298—300°), which one would expect of a salt, and is more- 

(V.) over stable up to this temperature. Its great stability is a'so shown by 

the fact that it is unaffected by moist air, although its aqueous solution is acid to 

litmus. It is very unlikely that a true arsine dibromide would possess either this high 

m. p. or this marked stability. Furthermore, the stability normally associated with an 

ionic arsonium bromide would be enhanced in the compound (V) by its existence as a 
resonance hybrid. 


EXPERIMENTAL. 


Preparation and Purification of Arsanthren Dichloride—Kalb (loc. cit.) prepared this com- 
pound by reducing o-arsonodiphenylarsonic acid, C,H,*AsO(OH)-C,H,*AsO(OH),, in hot con- 
centrated hydrochloric acid solution with sulphur dioxide and a trace of potassium iodide. 
The oil which separated was dried and distilled under reduced pressure, affording two main 
fractions: (a) b. p. 130—200°/12 mm., and (b) b. p. 200—290°/12 mm.; the second partly 
solidified and was separated by crystallisation into C,H,*AsCl-C,H,AsCl, and arsanthren 
dichloride (II). This distillation is unsatisfactory and the fraction (b) contains only a minor 
proportion of the required compound (II). We have found it advantageous after the frac- 
tion (a) has been collected to boil the residual liquid under reflux at 12 mm. pressure for 3 hours. 
The evolution of hydrogen chloride was thus completed and much of the trichloro-compound 
was converted into arsanthren dichloride. The fractionation was now repeated, and the 
fraction (b) which was collected without difficulty readily solidified on cooling. Slow fractional 
crystallisation of this product from chloroform gave first the arsanthren dichloride, then tri-o- 
phenylenediarsine (see McCleland and Whitworth, J., 1927, 2753), and the final mother-liquors 
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yielded impure o-dichloroarsinodiphenylchloroarsine. The arsanthren dichloride so obtained, 
m. p. 178—185°, was twice recrystallised from chloroform (to remove traces of the phenylene- 
diarsine), and then twice from benzene containing a trace of dry hydrogen chloride (to remove 
any o-dichloroarsinodiphenylchloroarsine or arsanthren oxide); it then had m. p. 179—184° 
(Found: Cl, 18-9. Calc. for C,,H,Cl,As,: Cl, 19-0%). This m. p. was unaffected by further 
recrystallisation from carbon tetrachloride, and may indicate that the dichloride itself contains a 
small proportion of an isomeric form. Our modification of Kalb’s method nearly doubles the 
small yield of the triphenylenediarsine, but considerably decreases that of the unchanged 
o-dichloroarsinodiphenylchloroarsine. 

Preparation and Isolation of a- and 8-5: 10-Di-p-tolyl-5 : 10-dihydroarsanthren (III).— 
p-Bromotoluene was purified by repeated melting and partial solidification, with rejection of 
the liquid portion, until a solid fraction of sharp m. p. was obtained. Powdered arsanthren 
dichloride (18 g.) suspended in benzene (100 c.c.) was added to a vigorously stirred Grignard 
reagent prepared from the p-bromotoluene (25 g.), magnesium (3-6 g.), and ether (70 c.c.). 
Only a slight evolution of heat occurred. More benzene (100 c.c.) was added, and the mixture, 
after 30 minutes’ stirring, was boiled under reflux for the same period, cooled, and then hydro- 
lysed by a solution of ammonium chloride (40 g.) in water (200 c.c.). The ether—benzene 
layer was collected, dried (Na,SO,), the solvent distilled off, and the residue dissolved in hot 
chloroform (65 c.c.); hot alcohol (100 c.c.) was added, and the solution boiled (charcoal), 
filtered, and cooled. The mixed di-p-tolyldihydroarsanthrens separated as white crystals 
(16 g.); m. p. 133—158°. 

To isolate the two isomeric forms, this product was dissolved in hot acetone (ca. 200 c.c.) 
and the solution set aside to cool in a closed flask. When the slow crystallisation ceased, the 
first crop of crystals was collected; they had m. p. 175—177°, and were later shown to be 
almost pure a-isomer. Crops of approximately this quality and composition will be desig- 
nated A. About one-quarter of the mother-liquor was now removed by evaporation, and the 
crystallisation repeated under the same conditions. A second crop of crystals was thus 
obtained identical with the first, except that it contained two small clusters of leaflets which 
were quite distinct from the rest of the crop and were removed by hand. After this removal, 
the main bulk of the crop had m. p. 171—175° (A), and together with the first crop weighed 
7g. The leaflets which had been removed had m. p. 151—165° [mixed m. p. with a sample of 
the rest of the second crop (A), 133—150°], and were later shown to be mainly the §-isomer 
contaminated with an impurity; crops of this quality are designated B. 

It was now possible by very careful manipulation to concentrate the solution by about one- 
seventh of its volume by evaporation, allow it to cool slowly in a closed vessel, and then seed 
it with the crystals B. After a third crop, consisting entirely of B, had been collected with 
minimum disturbance of the filtrate, the latter was again concentrated as before and allowed 
to cool slowly; it was now more supersaturated with respect to A than to B, and on seeding 
with A, gave a crop of the A crystals. The process was repeated with alternate seedings with 
A and B crystals, and seven crops (including those above) thus obtained: their m. p.’s and 
quality were (1) 175—177°, A; (2) 171—175°, A; (3) 164—167°, B; (4) 173—177°, A; (5) 
161—165°, B; (6) 175—177°, A; (7) 161—166°, B. The mother-liquor was now too small 
for further fractionation to be possible. 

It must be emphasised that this separation requires very delicate manipulation. It is 
complicated by the fact that the a- and the §-isomer readily crystallise together from con- 
centrated acetone solution in massive plates of m. p. 130—136°. Should such crystals appear 
in the above separation, it indicates that the previous concentration of the mother-liquor 
has been carried too far, and the solution must be diluted until the alternate separation of 
crops A and B can once again be resumed. 

The a-isomer. The above A crops were united (9 g.) and then recrystallised repeatedly 
from acetone until fine white leaflets of pure a-5 : 10-di-p-tolyl-5 : 10-dihydroarsanthren, m. p. 
178—179°, were obtained (Found: C, 64:2; H, 4-5; M, ebullioscopic in 1-96% acetone solu- 
tion, 508; in 2-51% solution, 494. C,,H,,As, requires C, 64-5; H, 46%; M, 484). 

The 8-isomer. The united B crops weighed 2-5 g., much having apparently been lost in 
the separation of the two forms. This quantity was dissolved in hot acetone (ca. 30 c.c.), 
and slow crystallisation gave bipyramidal crystals of the $-isomer, m. p. 179—181°. The 
mother-liquor was now twice in turn concentrated by evaporation and seeded with these 
crystals, and a second and third crop of the $-isomer thus obtained. The three crops were 
united and twice recrystallised from acetone, without change of m, p., however. The $-isomer 
was thus obtained in bipyramidal crystals which could readily be grown to a very large size; 
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m. p. 179—181° (Found: C, 64-3; H, 4.7%; M, ebullioscopic in 1-51% acetone solution, 
472; in 2-18% solution, 452). 

After the above three crops of the f-isomer had been collected, further concentration of 
the mother-liquor gave a small quantity of needle-shaped crystals (m. p. 166—170°) of impure 
B-isomer (mixed m. p.). The mother-liquor was therefore allowed to evaporate very slowly 
to dryness, and the colourless needles removed carefully from the residue by hand. They 
had m. p. 166—171°, mixed m. p. with the ®-isomer, 168—176°; when recrystallised from 
cyclohexane, they gave a small crop of crystals (Found: C, 66-85; H, 5-55%), of m. p. 176— 
188°, unchanged by admixture with the pure B-isomer. These needles clearly consist of the 

_B-isomer contaminated with an unknown by-product. The latter must be present in very 
small proportion in the original mixture, but is presumably responsible for the initial 
separation of the $-isomer in the characteristic crystals of type B. 

Although the pure «- and $-isomers have such close m. p.’s, their non-identity is clearly 
shown by the fact that a mixture of equal quantities of the two forms has m. p. 144—158°, 
and by their widely different crystalline habit when they separate from acetone under almost 
identical physical conditions. Their stability was shown by keeping a small quantity of each 
isomer molten at ca. 10° above its m. p. for 10 minutes, cooling it, and powdering it. The 
m. p. of the a-isomer was virtually unchanged at 177—179°, and that of the B-isomer at 178— 
181°; neither had been converted into the other, since a mixed m. p. determination gave 
140—160°. 

A repetition of the above preparation of the ditolyl compound indicated that the relative 
proportion of the a- and f-isomers may vary considerably in successive preparations. 

There remained a possibility that a third much more soluble isomer had been formed and 
had stayed in the alcohol—chloroform mother-liquor from which the 16 g. of mixed a- and 
B-isomers had been collected. This mother-liquor was therefore evaporated, and the dry 
residue taken up in hot acetone, from which on standing small white crystalline nodules, of 
m. p. 200—211°, separated. A second similar crop was obtained, and the united crops were 
then recrystallised once from acetone and twice from benzene. The white crystals finally had 
m. p. 216—217°. Their identity is uncertain: analysis (Found: C, 60-2; H, 415; M, 
ebullioscopic in 1-00% chloroform solution, 412; in 1-60% solution, 405. C,,H,,As, requires 
C, 60-0; H, 43%; M, 420) indicates a tri-p-tolylenediarsine, (CH,°C,H;),As,, homologous to 
McCleland and Whitworth’s compound, but it is very difficult to see how such a compound 
could have been formed. 

Preparation of Tetvabromide and Tetrahydvoxide.—Bromine (0-66 g., 0-21 c.c., 4 mols.) was 
slowly added to a solution of the pure a-isomer (1 g.) in chloroform (20 c.c.); addition of ether 
with ice-cooling then precipitated the tetrabromide as pale yellow crystals which readily evolved 
hydrogen bromide on exposure to air. They were therefore at once added to aqueous ammonia 
solution (5 c.c. of d 0-880 diluted with 35 c.c. of water), and the mixture boiled under reflux 
for 30 minutes. After cooling, the 5 : 10-di-p-tolyl-5 : 10-dihydroarsanthren tetvahydroxide was 
collected, twice recrystallised from 30% alcohol, and thus obtained as beautiful white crystals, 
which on heating lost water and finally melted at ca. 318—325° (decomp.), the range depending 
on the rate of heating (Found: C, 56-6; H, 4-8. C,,H,,O,As, requires C, 56-55; H, 47%). 

This preparation was repeated exactly as above with the pure $-isomer, and the same 
tetrahydroxide obtained (Found: C, 56-75; H, 4-9%). The identity of the two samples was 
shown by their identical behaviour on crystallisation and on heating, by mixed m. p. deter- 
minations, and by X-ray powder photographs. Dehydration of the tetrahydroxide by heating 
at 250° for 14 hours gave the dioxide as a hygroscopic white powder (Found: C, 60-7; H, 4-7. 
C,,H,,0,As, requires C, 60-5; H, 4-35%). 

Reduction of the above tetrabromide was performed in order to determine whether a third 
isomeric ditolylarsanthren was formed by this process. For this purpose, the a-isomer in 
chloroform solution was converted as above into the tetrabromide; instead of ether, however, 
dilute hydrochloric acid (20 c.c.) and potassium iodide (0-05 g.) were added, and sulphur 
dioxide was passed through the solution for 4 hours to complete reduction of the tetrabromide. 
The aqueous layer was separated, extracted with chloroform, and the extract added to the 
main chloroform layer. The combined extracts were washed with water, sodium carbonate 
solution, and water (twice), the separated chloroform layer allowed to evaporate spontaneously, 
and the residue recrystallised from alcoholic chloroform (containing 20% of chloroform) ; 
ice cooling gave an almost complete separation of the mixed isomeric ditolyldihydroarsanthrens, 
m. p. 140—160° (Found: C, 64-3; H, 47%). 

A mixture of equal quantities of the pure «- and $-isomers was now recrystallised from 
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alcoholic chloroform as above, and then had m, p. 138—161°. X-Ray powder photographs 
were taken of each sample of mixed isomers so obtained. In general, the same lines appeared 
on both photographs, but a particular set of lines on the first photograph was much more 
intense than on the second, and certain faint lines on the first did not appear on the second. 
Both samples clearly consisted solely of «- and B-isomers, and the minor differences in the two 
photographs were caused solely by a difference in their proportions in the two samples. No 
third isomer was therefore present in the sample obtained from the tetrabromide. 

Preparation of the Monomethiodides.—(A) Methyl] iodide (4 c.c.) was added to solution of 
the a-isomer (2 g.) in benzene (10 c.c.) and ether (10 c.c.), and the mixture set aside for 3 days, 
during which considerable crystallisation occurred. The crystals (3-8 g.) were collected, 
washed with ether, and dried in a vacuum; they clearly contained much solvent of crystal- 
lisation, which was partly lost during the drying. The product was then crystallised from 
alcohol, and the a-5 : 10-di-p-tolyl-5 : 10-dihydroarsanthren monomethiodide separated with 1 mol. 
of alcohol of crystallisation as large pale yellow crystals (1-2 g.), m. p. 140—177° with loss of 
alcohol (Found: C, 52-0; H, 4-9; I, 18-8. C,,H,,IAs,,C,H,-OH requires C, 51-8; H, 4-7; 
I, 18-°9%). The crystals slowly effloresced at room temperature. This product when recrystal- 
lised from much boiling water gave the anhydrous «-monomethiodide as small white crystals, 
m. p. 176—179° (slight effervescence) (Found: C, 52-25; H, 4-0; I, 20-4. C,,H,,IAs, requires 
C, 61-8; H, 4-0; I, 20-3%). 

A solution of this monomethiodide in a mixture of equal volumes of methyl alcohol and 
methyl iodide was boiled under reflux for 6 hours, and the solvent then allowed to evaporate 
spontaneously. The residue recrystallised from water in characteristic crystals of the 
unchanged monomethiodide (Found: I, 20-1%). 

(B) A mixture of methyl iodide (3 c.c.) and the pure f-isomer (1 g.) dissolved in benzene 
(6 c.c.) and ether (6 c.c.) was set aside for 7 days, as the reaction appeared to be markedly 
slower. The product (0-75 g.) was collected, washed with ether, and then had m. p. 176—179° 
(slight effervescence). Recrystallisation from alcohol gave, however, pale yellow crystals of 
the pure 6-5: 10-di-p-tolyldihydroarsanthren monomethiodide, m. p. 176—179° (slight effer- 
vescence) (Found: C, 51-6; H, 4-4; I, 200%). When this compound was crystallised from 
boiling water, it gave white crystals of the monohydrate, m. p. 174—179° (slight effervescence) 
(Found: C, 50-5; H, 4:5; I, 19-6. C,,H,,IAs,,H,O requires C, 50-3; H, 4:2; I, 19-7%). 
These white crystals differ from those of the above a-monomethiodide in their crystal habit, 
and in being a monohydrate; further, a mixed m. p. gave 167—175°. The anhydrous §-meth- 
iodide was recovered as monohydrate (Found: I, 20-0%, after recrystallisation from water) 
after an attempt to form a dimethiodide precisely as for the «-compound. 

The m. p. of both methiodides is affected slightly by the rate of heating, which was therefore 
kept approximately constant for all determinations. 

The Monosulphide.—(1) Preparation from the tetrabromide. Bromine (0-42 c.c., 2 mols.) 
was slowly added to a solution of the mixed isomeric ditolyl compounds (III, 2 g.) in cold 
chloroform (20 c.c.), and the solution of the tetrabromide thus obtained was then added to a 
hot solution of sodium sulphide nonahydrate (1-5 g.) in alcohol (100 c.c.). The solution was 
allowed to cool and evaporate spontaneously, and was finally taken to dryness in a desiccator. 
The residue was washed with water and dried (2-2 g., m. p. 191—198°), and was then twice 
recrystallised from alcohol (charcoal). The monosulphide was obtained as white needles, m. p. 
198—201° (Found: C, 60-0; H, 4-5; S, 6-0. C,.H,,SAs, requires C, 60-5; H, 43; S, 62%). 

(2) Reaction with methyl iodide. A solution of the monosulphide (0-5) in methyl iodide 
(3 c.c.) and ether (3 c.c.) was set aside for 3 days, by which time a red oil had separated, Dilu- 
tion with more ether then caused a further separation of the oil; the solution was decanted 
off, and the oil, when mixed with ether, solidified. Recrystallisation from water containing 
5% of alcohol gave a mixture of the a- and 6-monomethiodides, m. p. 145—165° (Found : 
I, 19-8%). 

The Dibromide.—(1) From the tetrabromide. A solution of the tetrabromide in chloroform 
was prepared as above, and damp hydrogen sulphide then passed through the solution for 
7 hours; sulphur was deposited in the early stages and removed by filtration. Complete 
evaporation at room temperature gave an oil which solidified when stirred with alcohol. The 
dry solid (2-3 g.) was extracted with hot benzene (20 c.c.), and the filtrate on cooling deposited 
the monosulphide, which after recrystallisation from alcohol had m. p. 198—201°, unchanged 
by admixture with an authentic sample, The benzene-insoluble residue, when twice recrystal- 
lised from alcohol (charcoal), gave the dibromide as white crystals, m. p. 298—300° (decomp.) 
(Found: C, 48-4; H, 3-5; Br, 24-85. C,,H,,Br,As, requires C, 48-4; H, 3-4; Br, 248%). 
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The dibromide was also formed, dry reagents being used, by boiling a solution of the tetra- 
bromide (1 g:) in chloroform (10 ¢c.c.) under reflux, and gradually adding acetone (10 c.c.). 
After 2 hours’ boiling, ether was added to the warm red solution until a permanent cloudiness 
appeared; on cooling, the dibromide was deposited (0-6 g.), m. p. ca. 300° (Found: Br, 24-7%). 

(2) From the monosulphide. 6-7 C.c. of a solution of bromine in chloroform (25 g./l.) was 
slowly added to a solution of the monosulphide (0-54 g., 1 mol.) in chloroform (10 c.c.), sulphur 
being at once deposited. After 30 minutes, the solution was warmed and filtered, and dilution 
of the hot filtrate with ether deposited the dibromide (0-4 g.) (Found: Br, 25-2%). 

Action of Hydrogen Sulphide on the Dibromide.—A solution of the dibromide was prepared 
by the addition of bromine (0-32 c.c., 1 mol.) to the isomeric ditolyl compounds (3 g.) in 
chloroform (30 c.c.). Damp hydrogen sulphide was passed through this solution for 7 hours, 
and the product was then separated into unchanged dibromide and the monosulphide by the 
method described above. 


The authors are greatly indebted to Dr. A. F. Wells for taking the X-ray photographs, 
and to the Department of Scientific and Industrial Research for a Senior Research Award 
(to J. C.). 

THE UNIVERSITY CHEMICAL LABORATORY, 

CAMBRIDGE. [Received, June 7th, 1940.} 





223. Tetra-aryl Phosphonium, Arsonium, and Stibonium Salts. 
Part I. A New Method of Preparation. 


By JosEpH CHATT and FREDERICK G. MANN. 


It is shown that tetraphenylarsonium salts can be obtained by the interaction 
of aluminium chloride with (i) arsenic trichloride and benzene, (ii) phenyldichloroarsine, 
(iii) diphenylchloroarsine, (iv) triphenylarsine, (v) triphenylarsine and bromobenzene, 
the highest yield being obtained in (v). Tetraphenyl-phosphonium and -stibonium 
salts can also be obtained by methods analogous in particular to (v). The mechanism 
of the reactions is still under investigation. 


Doponov and MEpox (Ber., 1928, 61, 907) obtained tetraphenylphosphonium bromide 
by the interaction of triphenylphosphine and phenylmagnesium bromide in ethereal 
solution: the yield was 13—14% in presence of air, 72% in presence of oxygen, and only 
5% in a hydrogen atmosphere. If oxidation is an essential stage in the reaction, it does 
not apparently proceed through triphenylphosphine oxide, since no yield of the bromide 
was obtained when this oxide was used in place of the phosphine itself. 

Blicke and his co-workers (J. Amer. Chem. Soc., 1933, 55, 3056; 1935, 57, 720; 1939, 
61, 88) obtained tetraphenylarsonium bromide by the interaction of triphenylarsine oxide 
and phenylmagnesium bromide; the arsonium bromide was also obtained, although in 
smaller yield, by the action of the Grignard reagent on diphenylarsenic trichloride 
(AsPh,Cl,) and on phenylarsonic acid anhydride (AsPhO,), but not by the action of the 
Grignard reagent on triphenylarsine dichloride (AsPh,Cl,). The arsonium salt resembled 
the phosphonium compound in forming a strong electrolyte in aqueous solution. 

We have discovered a method by which these phosphonium and arsonium salts can be 
prepared without the use of a Grignard reagent, and which has also furnished the hitherto 
unknown tetra-arylstibonium salts. The arsenic compounds will be considered first, 
since they have been investigated in the greatest detail. 

It is known that diphenylamine condenses readily with arsenic trichloride to give 
10-chloro-5 : 10-dihydrophenarsazine (I) (F. Bayer & Co., D.R.P. 281049; Wieland and 
Rheinheimer, Annalen, 1921, 423, 1), and that diphenyl ether similarly condenses with 
arsenic trichloride in the presence of aluminium chloride to give 10-chlorophenoxarsine 
(II) (Lewis, Lowry, and Bergheim, J. Amer. Chem. Soc., 1921, 48, 892).* It appeared 

* The preparation of the compounds (I) and (II) was, of course, investigated in detail during 1917 
and 1918 by British chemists, who were the first to | weer? (II). The above references are, how- 
ever, the earliest available in the literature. 
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probable that diphenylchloroarsine would condense with arsenic trichloride under the 
influence of aluminium chloride to give “‘ arsanthrene chloride ”’ (or 5 : 10-dichlorodihydro- 


NH O AsCl 

a QO - 

(I.) (II.) (III.) 
arsanthren) (III), a synthesis which would have been much shorter than that of Kalb 
(Annalen, 1921, 423,74). It was found, however, that a mixture of these three compounds 
when heated ultimately to 280° afforded a deposit of elementary arsenic, and that when a 
hot aqueous extract of the final product was treated with potassium iodide, the slightly 
soluble tetraphenylarsonium iodide was precipitated. No evidence of the compound (III) 
could be obtained. 

This remarkable reaction clearly involves ultimately the migration of two phenyl 

groups from one arsine molecule to another; it is, however, an even more complicated re- 
action, since free benzene was evolved during the reaction. We have therefore investigated 


the interaction of aluminium chloride and various phenylarsines : the results are summar- 
ised in the accompanying table. In each of these experiments 10 g. of aluminium chloride 


Yield of crude Yield, %,calc.on Ph As converted to 

Reactants. Ph, AsI, g. groups present. Ph,As ion, %. 
(1) AIC], + AsCl, + 3C gH, ..........c0ee0eee 2-0 
(2) AICI, + ASPHCL, ..........ccccccceccecveees 
(3) ANCL + ASPRACI .............ccoccoseserens 
(4) AICI, + As dujbdanbe dtaldticiisis 
(5) AICI, + AsPh, + C,H,Br .............4+ 


were used. Expt. 1 differs from the others in that a phenylarsine was not initially used, 
but 10 g. of a mixture of arsenic trichloride (1 mol.) and benzene (3 mols.) were boiled with 
the aluminium chloride under reflux for 6 hours, and the temperature then increased to 
280° for 1 hour, any unchanged benzene being allowed to escape through the reflux air 
condenser. In Expts. 2—5, 10 g. of the requisite phenylarsine were employed, and in 
Expt. 5, 1 mol. of bromobenzene was added to the 10 g. of arsine. In all these four experi- 
ments, the mixture was heated under reflux for 1 hour at 200°, and the temperature then 
gradually increased to 280° for 1 hour more. The yield of tetraphenylarsonium iodide, 
obtained by adding potassium iodide to the filtered aqueous extract of the final product, 
is given in Col. 2. These yields form the only reliable guide to the progress of the reaction ; 
in view of the complicated reaction which must occur, no strictly comparable percentage 
yields can be calculated. For general interest, however, the percentage yield, based on 
the assumption that all the phenyl groups available entered the tetraphenylarsonium ion, 
are given in Col. 3: it must be borne in mind, however, that this assumption is not justifiable, 
since free benzene was certainly eliminated in Expt. 3, and possibly in all the others. In 
Col. 4 is recorded the percentage of the total arsenic converted into the arsonium ion; 
it is only in Expt. 5, however, where 1 mol. of bromobenzene was present, that there were 
sufficient phenyl groups available to convert all the arsenic into the ion. It is noteworthy 
that, when Expt. 5 was repeated with an excess of bromobenzene to act as a general 
solvent, the yield of the arsonium iodide fell to 6-5 g. 

Considerable further investigation is required before the mechanism of the formation 
of the arsonium ion in all these experiments is elucidated. It is already clear, however, 
that free phenyl radicals must be formed in all cases and must migrate to certain arsenic 
atoms or residues. This is confirmed by Expt. 5, where the bromobenzene, presumably 
under the influence of the aluminium chloride, furnished the phenyl radical for direct 
addition to the triphenylarsine, with the resulting high yield of the arsonium ion. 

This is further confirmed by the results with the phosphorus derivatives. When 
aluminium chloride and triphenylphosphine were heated first to 230° and finally to 280°, and 
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the product treated as before, no tetraphenylphosphonium iodide was obtained. When, 
however, 1 mol. of bromobenzene was added to the reaction mixture and the experiment 
repeated, a comparatively high yield of the phosphonium iodide was obtained, and the 
function of the bromobenzene in providing the necessary phenyl radical was again demon- 
strated. A large excess of bromobenzene, on the other hand, reduced the yield of the 
phosphonium salt to a negligible amount, possibly by affecting adversely the temperature 
of the reaction mixture. No experiments were made on the effect of aluminium chloride 
on phenyldichloro- and diphenylchloro-phosphine ; such experiments would probably have 
failed in view of the negative result obtained with triphenylphosphine ; moreover, a boiling 
mixture of aluminium chloride, phosphorus trichloride, and benzene is known to interact 
to give solely phenyldichlorophosphine, although the arrest at this stage may again be 
due to the comparatively low temperature employed. 

Similar results were obtained with antimony derivatives. A mixture of aluminium 
chloride, triphenylstibine, and 1 mol. of bromobenzene, heated to 230° and then treated as 
before with potassium bromide or iodide, gave tetraphenylstibonium bromide or todide in 
even higher yield than that of the phosphonium salt under similar conditions; when, how- 
ever, the bromobenzene was omitted, the yield of the stibonium salt was considerably 
reduced. The presence of a considerable excess of bromobenzene in the reaction mixture 
almost completely inhibited the reaction, as in the case of the phosphonium derivatives. 
Furthermore, a mixture of aluminium chloride, triphenylstibine dibromide, and benzene, 
when heated under reflux for 4 hours, also gave no stibonium ion. 

In view of these results, attempts were made to utilise this method for the preparation 
of tetraphenylammonium salts, although it was recognised that the chance of success was 
small: a mixture of aluminium chloride, triphenylamine, and either bromo- or iodo- 
benzene, when heated under various conditions, gave no indication of the formation of the 
required ammonium ion. Similarly, a mixture of aluminium chloride, pyridine, and 
bromobenzene gave no evidence of the formation of phenylpyridonium ion. Finally, when 
the pyridine was replaced by triphenylbismuthine, no tetraphenylbismuthonium salt could 
be isolated, a result which was not unexpected in view of the known reluctance of bismuth 
to become 4-covalent. 

The foregoing preparative method has a rather similar counterpart in the selenium 
series. Hilditch and Smiles (J., 1908, 93, 1384) showed that aluminium chloride, selenium 
dioxide, and phenetole react at 100° to give the triphenetylselenonium ion, and Leicester 
and Bergstrom (J. Amer. Chem. Soc., 1929, 51, 3587) showed that aluminium chloride, 
diphenylselenium dichloride, and benzene react in the cold to give triphenylselenonium 
chloride. 

We hope to elucidate the mechanism of the reaction which gives (in particular) the 
tetra-arylarsonium salts by the use of mixed radicals as indicator groups, and also to 
utilise the reaction for the preparation of arylspivoarsonium derivatives. 


EXPERIMENTAL. 


Tetraphenylarsonium Salts.—Expt.1. A mixture of powdered dry aluminium chloride (10 g.), 
arsenic trichloride (4-4 g., 1 mol.), and benzene (5-6 g., 3 mols.) was boiled under reflux for 6 
hours, and then heated at 280° for 1 hour in a metal-bath. During this heating, reddish-brown 


arsenic rapidly separated. The product was mixed with cold water (200 c.c,) and the mixture . 


boiled (charcoal), filtered, and when cold treated with potassium iodide (10 g.) dissolved in a 
few c.c. of water. The crude, yellow tetraphenylarsonium iodide (2 g.) which separated was 
purified by recrystallisation from hot water containing a small quantity of potassium iodide 
and sodium sulphite (1—2 g.) to reduce any arsonium tri-iodide. (If too much potassium iodide 
is added, the arsonium iodide becomes almost insoluble. The sodium sulphite was used in 
excess because of the stable nature of the tri-iodide.) The filtrate on cooling deposited the 
iodide as white needles, m. p. 314—319° (decomp.) (Found: C, 56-0; H, 4-05; I, 24-7. Calc. 
for C,,HyIAs: C, 56-5; H, 3-9; I, 24-9%). Concentration of the original filtrate, followed 
by treatment with potassium bromide solution, caused the separation of beautiful, white, 
hydrated needles of the arsonium bromide, which, after recrystallisation from water, required 
heating at 200° for $ hour for complete dehydration, and then had m. p. 277—281° (Found : 














OD et US ( CO OC COD § CR er eS 


nr 


ae 


o™ 


‘vy we 
. 


Tas ~ 


ar oO 





[1940] Arsonium, and Stibonium Salts. Part I. 1195 


Br, 17-2. Calc. for C,,H,,BrAs: Br, 17-3%). Blicke and Monroe (loc. cit.) give 312—313° 
and 273—-275° for the m. p.’s of the iodide and bromide respectively. 

Expts. 2—5. In these experiments, aluminium chloride (10 g.) and the phenylarsine com- 
pound (10 g.) were used throughout, and in Expt. 5 bromobenzene (5-2 g., 1 mol.) was also 
added. In these four experiments, the mixture was heated directly at 200° under a reflux air 
condenser for 1 hour, vigorous boiling usually occurring at first and later subsiding; finally the 
temperature was raised to 280° during 4 hour, and then maintained at this value for a further 
} hour. The product was then poured into 400 c.c. of water, and the mixture treated as in 
Expt. 1, a rather larger quantity of sodium sulphite (3—4 g.) being added, however. In Expt. 3, 
vapours issuing from the reflux condenser were passed through a water condenser, and almost 
pure benzene (ca. 1-5 g.) was collected. In the other experiments, no attempts were made to 
collect volatile by-products. The yields of the arsonium iodide, recorded in the table, show 
clearly that Expt. 5 provides the best conditions. 

Expt. 5 was repeated, but 52 g. (10 mols.) of bromobenzene were used; the mixture was 
heated under reflux for 3 hours and the aqueous extract finally boiled to remove excess of bromo- 
benzene; the yield of crude arsonium iodide was now only 6-5 g. 

In all these experiments, the arsonium iodide was precipitated because its very low solubility 
in cold water enabled its yield to be accurately determined. It is, however, liable to be dis- 
coloured by traces of the tri-iodide, and for general purposes precipitation of the white, crystalline 
and rather more soluble bromide is to be preferred. 

Tetraphenylphosphonium Salis.—(1) A mixture of aluminium chloride (10 g.), triphenyl- 
phosphine (10 g.), and bromobenzene (6 g., 1 mol.) was heated under an air reflux at 230° for 
2 hours, and then at 280° for 1 hour more. The reaction mixture was poured into water (400 
c.c.) and then worked up precisely as for the arsonium iodide. The crude tetraphenylphosphon- 
ium iodide (8-2 g.) separated as a yellow solid, m. p. 326—339° (some decomp.). Recrystallis- 
ation from water containing a small quantity of sodium sulphite ultimately gave the 
phosphonium iodide as colourless needles, m. p. 333—343°, which became pale yellow on 
standing for a few days (Found: C, 61-3; H, 4-4; I, 27-5. C,H, IP requires C, 61-8; H, 
4-3; I, 27-2%. Low carbon values were always obtained). Dodonov and Medox (loc. cit.) 
give m. p. 333° for this compound, but do not give analyses._ ' 

(2) This experiment was repeated, but with 40 c.c. of bromobenzene, the mixture being 
boiled under reflux for 2 hours and the excess of bromobenzene being finally removed by boiling 
the aqueous extract. Yield of crude phosphonium iodide, 0-5 g. 

(3) A further repetition, in which the bromobenzene was omitted but the conditions were 
otherwise identical with those in (1), gave no phosphonium iodide. 

Tetraphenylstibonium Salis.—(1) A mixture of aluminium chloride (10 g.), triphenyistibine 
(10 g.), and bromobenzene (4-5 g., 1 mol.) was heated at 230° for 14 hours, and then poured 
into water (600 c.c.). The mixture was boiled until only a small black deposit remained, and 
the solution, after addition of charcoal, was filtered hot. Potassium bromide (20 g.) in hot 
concentrated aqueous solution was then added, and on cooling the tetraphenylstibonium bromide 
(8-2 g., m. p. 200—213°) separated. Recrystallisation from water occurred readily but was 
not satisfactory, as the bromide then often contained some slight impurity. Crystallisation from 
alcohol (charcoal) gave the stibonium bromide as colourless crystals (3-8 g.), m. p. 210—218°, 
the range depending mainly on the speed of heating (Found: C, 56-5; H, 4-4; Br, 15-5. 
C,,H,,BrSb requires C, 56-5; H, 4-0; Br, 15-7%). Addition of ether to the alcoholic mother- 
liquor precipitated a second crop of pure bromide. 

(2) When the bromobenzene in the above reaction mixture was increased to 40 c.c., only 
a minute quantity of the stibonium bromide was obtained. 

(3) When the bromobenzene was omitted, and the experiment otherwise performed precisely 
as in (1), the initial crop of crude stibonium bromide weighed only 2-2 g. 

(4) Bromine (1-4 g., 1 mol.) was added with shaking to a solution of triphenylstibine (3 g.) 
in benzene (10 c.c.), a precipitate of the stibine dibromide being formed. Aluminium chloride 
(3 g.) was then added, and the mixture boiled under reflux for 4 hours. No hydrogen chloride 
or bromide was evolved, and no stibonium salt could be isolated. 

(5) A mixture of aluminium chloride (10 g.), antimony chloride (5 g.), and benzene (5 g.) 
was boiled under reflux for 6 hours and then heated to 210° for 1 hour. After the usual 
extraction, only a trace of stibonium bromide could be isolated. 

Tetraphenylstibonium iodide. Addition of potassium iodide to the aqueous extract obtained 
in (1) (above) always gave an impure sample of this compound. The iodide is best prepared 
as follows.’ A hot solution of potassium iodide (2 g.) in water (50 ¢.c.) was added to one of the 
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stibonium bromide (2 g.) also in hot water (200 c.c.), and the iodide separated as colourless 
needles, which were recrystallised from water, and had m. p. ca. 200°, dependent on the rate 


of heating (Found: I, 22-45. C,,H,.ISb requires I, 22-8%). 


A Senior Research Award made by the Department of Scientific and Industrial Research 
to one of us (J. C.) is gratefully acknowledged. 
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224. The Triterpene Resinols and Related Acids. Part IX. The 
Oxidation of «-Amyradienyl Acetate. 


By E. S. EWEN and F. S. SPRING. 


Ozonisation of a-amyradienyl acetate (III) gives a-amyrenonyl acetate (I), 
epi(iso)-«-amyrenonyl acetate (IV or IVa), and a-amyradionyl acetate (V), oxidation 
having occurred in each case without ring fission. 


In continuation of our investigations into the location of the ethenoid linkage of «-amyrenol, 
we have undertaken a more detailed examination of «-amyradieny] acetate (III) ; the latter 


contains a conjugated system which we consider is located in a single ring, since it exhibits @ 


an absorption maximum at 2800 A., ¢n,x. = 11,000 (Spring and Vickerstaff, J., 1937, 239; 
Ewen, Spring, and Vickerstaff, J., 1939, 1303). The unsaturated ring in a-amyradienyl 
acetate must also include at least one angular methyl group attachment, since it does not 
show any tendency to oxidation to an aromatic ring. The dienyl acetate fails to react 
with bromine under conditions which successfully converted pyroquinovadiene acid into 
the corresponding partially aromatic pyroquinovatriene acid (Wieland and Schlenk, 
Annalen, 1939, 589, 242). 

Oxidation of the dienyl acetate with chromic anhydride gives an «$-unsaturated 
hydroxy-ketone, C,.H,,0, (Beynon, Sharples, and Spring, J., 1938, 1233). In the hope of 
effecting oxidation of «-amyradienyl acetate (III) with extrusion of C, and C, we have 
examined its behaviour with ozone. Ozonisaton of the dienyl acetate at 0° gives a mixture 
of «-amyrenonyl acetate (I) (Spring and Vickerstaff, loc. cit.) and a more soluble acetate, 
m. p. 199—200°, [«],» + 56°. The latter, for which analysis indicates the formula 
C32H903, exhibits the absorption spectrum of an «f-unsaturated ketone and on reduction 
with sodium and amyl alcohol, followed by treatment with acetic anhydride, it is converted 
into «-amyradienyl acetate. This new «$-unsaturated ketone must therefore be a stereo- 
isomer of either «-amyrenonyl acetate (I) (Spring and Vickerstaff, loc. cit.) or iso-«-amy- 
renonyl acetate (II) (Seymour, Sharples, and Spring, J., 1939, 1075), each of which has 
been converted into a-amyradienyl acetate (III). The acetate, m. p. 199—200°, must 
differ from one of these «f-unsaturated ketones in the orientation of the hydrogen attached 
to either C, or C, respectively and will be designated epi(iso)-«-amyrenonyl acetate (IV or 
IVa). 

Ozonisation of «-amyradieny] acetate at 22° gives a mixture of acid and neutral products. 
The acid fraction is an amorphous powder, and gives a resinous methyl ester. The neutral 
fraction is a mixture of epi(iso)-«-amyrenonyl acetate (IV or IVa) and a less soluble acetate, 
m. p. 257—258°. Analysis of the latter indicates the formula C,,H,;,0, and it has been 
characterised as an a-diketone or an enolic modification of an a-diketone by the following 
reactions : It gives an intense green coloration with ferric chloride solution, a pale yellow 
coloration with tetranitromethane, and when treated with methylmagnesium iodide it 
evolves one mole of methane. It exhibits an absorption maximum at 2900 A. (Em. = 
5400) ; the intensity of absorption of the diketone («-amyradtonyl acetate, V) is considerably 
less than that of 6: '7-diketocholestanyl acetate (engx, = 10,000) (Heilbron, Jones, and 
Spring, J., 1937, 801) but is of the same order as that of form A of cholestane-2 : 3-dione 
(Emax. = 5000) (Stiller and Rosenheim, J., 1938, 353). ‘The formation of «-amyradiony] 
acetate (V) from «-amyradienyl acetate (III) has involved simultaneous oxidation of both 
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ss MJ ecthenoid linkages of the latter. Attempts to prepare a quinoxaline derivative of 
ite 7 «-amyradionyl acetate either from an alcoholic solution of the diketone and o-phenylene- 
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act #§ 20,1271. (3) Part VII, J., 1939, 1075. (4) Part VIII, J., 1939, 1303. (5) This paper. 
" diamine or by heating the two components to 150° were unsuccessful; this result is not 
, surprising in view of the extremely inert nature of the carbonyl group both in «-amyranonyl 
fed ff benzoate (II) (Seymour, Sharples, and Spring, Joc. cit.) and in «-amyrenonyl acetate 
" (Spring and Vickerstaff, loc. cit.). 
an EXPERIMENTAL. 
ure In an attempt to facilitate the preparation of «-amyradienol, we have investigated the 
te reduction of a-amyrenonyl benzoate with sodium and amyl-alcohol. Crystallisation of the 
nla product gave the addition-reduction product, C,,H,,O,, m. p. 228—229°, identical with that 
lan previously obtained by similar reduction of a-amyrenonol (Ewen, Spring, and Vickerstaff, J., 
fed 1939, 1303) and which on treatment with acetic anhydride and sodium acetate gave «-amyradieny] 
acetate, m. p. 165—166°. When, however, the gross reduction product (without crystallisation) 
a was heated with acetic anhydride and sodium acetate, a mixture was obtained giving a less 
nY- & soluble fraction, m. p. 180—182°, and only a very small amount of «-amyradieny] acetate, m. p. 
has 165—166°. The acetate, m. p. 180—182°, is less dextrorotatory than a-amyradienyl acetate, 
ust § and although it exhibits an absorption maximum at 2810a., the intensity of absorption 
ed (Emax. = 6000) is considerably less than that of a-amyradienyl acetate (e,,, = 11,000). 
or It is in all probability a mixed crystal of «-amyradienyl acetate and a component which does not 
exhibit selective absorption in the ultra-violet ; attempts to resolve the acetate, m. p. 180—182°, i 
ts. by crystallisation or by chromatography were unsuccessful. 
ral epi(iso)-«-A myrenonyl Acetate.—A solution of a-amyradienyl acetate (m. p. 165—166°, [a]? 
ite + 330°) (5 g.) in dry chloroform (80 c.c.) was treated with a slow stream of ozonised oxygen 
pen (4% ozone) for 15 hours, the temperature being maintained at 0°. The chloroform was removed ; 
ing under reduced pressure, and the residual resin heated under reflux with 2% acetic acid | 
low (200 c.c.) for 1 hour. The cooled solution was extracted with ether, and the extract washed | 
it with water and then with sodium carbonate solution. Acidification of the alkaline washings 
me did not give a precipitate. Removal of the solvent from the dry ethereal solution yielded a 
~e golden resin, a solution of which in alcohol (25 ¢.c.) deposited a crystalline solid (4 g.). Re- 
bly | crystallisation of this solid gave a less soluble fraction, m. p. 240—250°, which after eight 
ind J} crystallisations from alcohol gave «-amyrenony] acetate (200 mg.), m. p. 275—276° (constant), 
one | not depressed by an authentic specimen, and exhibiting the same characteristic absorption 
nyl | spectrum: The mother-liquor of the crop, m. p, 240—250°, slowly deposited the major product 
oth | in plates. After several crystallisations from alcohol epi(iso)-a-amyrenonyl acetate sepatated 
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in hexagonal plates or prismatic needles (the form depending upon the concentration of the 
solution), m. p. 199—200°, [a]? + 56° (1 = 0-5, c = 0-5 in chloroform) (Found: C, 79-4; 
H, 10-6. C3,H;,O, requires C, 79-6; H, 10-4%). Light absorption in alcohol: Maximum at 
2510 A., Emax, = 11,000. 

a-Amyradienyl Acetate.—epi(iso)-a-Amyrenonyl acetate (1-0 g.) in boiling amyl alcohol 
(100 c.c.) was treated with sodium (5 g.), added during 30 minutes. The mixture was refluxed 
for 1 hour, and the amyl alcohol.removed in steam. ~The residue was dried and refluxed with 
acetic anhydride (35 c.c.) and sodium acetate (0-2 g.) for 2 hours. The product, isolated in the 
usual manner, after four crystallisations from methyl alcohol gave a-amyradienyl acetate, m. p. 
165—166°, [«]??” + 329° (1 = 1, c = 0-8 in chloroform); on admixture with an authentic 
specimen the m. p. was 165—166°. 

a-Amyradionyl Acetate (V).—A solution of a-amyradienyl acetate (4 g.) in chloroform 
(50 c.c.) was treated with a slow stream of ozonised oxygen for 8 hours. The reaction mixture 
was worked up as described above. The acid fraction formed a white amorphous powder, 
m. p. 150—175°, extremely soluble in the common organic solvents. It was not improved by 
redissolution in sodium carbonate, extraction of the solution with ether, and reprecipitation with 
mineral acid. Methylation with methyl sulphate and sodium hydroxide gave a resinous 
neutral methyl ester. The neutral fraction (2-5 g.) formed a pale yellow resin, a solution of 
which in alcohol deposited plates, which after five recrystallisations from this solvent yielded 
a-amyradionyl acetate, m. p. 257—258° (constant), [«]?*° + 120° (1 = 0-5, c = 0-5 in chloroform). 
It gave a pale straw coloration with tetranitromethane in chloroform, and in alcoholic solution 
an intense dark green coloration with aqueous ferric chloride (Found: C, 76-6; H, 10-3. 
C3,H;,0, requires C, 77-1; H, 10-1%). Active hydrogen determination (Zerewitinoff) : 5-52 mg. 
gave 0-29 c.c. of methane at 18-8° and 758 mm., corresponding to 1-1 atoms of active hydrogen 
per mole. Light absorption in alcohol: Maximum at 2900 A., ensy = 5390. After continued 
scratching, the original mother-liquor of the diketone deposited a second crop (1-5 g.), which 
on repeated crystallisation from alcohol gave epi(iso)-a-amyrenonyl acetate in hexagonal plates, 
m. p. 197—199°, [«]?” + 51° (J = 0-5, c = 0-67 in chloroform), showing no depression on 
admixture with the specimen prepared as described above. 


Grateful acknowledgment is made to the Carnegie Trust for a scholarship which enabled one 
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THE UNIVERSITY, MANCHESTER. [Received, July 22nd, 1940.) 





225. The Triterpene Resinols and Related Acids. Part X. 
p-Amyradienol. 
By C. W. Picarp and F. S. SPRING. 


Prolonged treatment of $-amyrenonyl benzoate with alkali gives a low-melting 
B-amyrenonol, probably contaminated with an isomeric af-unsaturated ketone. 
Purification cannot be achieved by crystallisation but is effected by acetylation, pure 
8-amyrenonyl acetate then being readily isolated. , 

Reduction of f-amyrenonol with sodium and ethyl and amyl alcohol gives the 
addition-reduction compounds C,,H,,O, and C,,;H,,O, respectively. Treatment of 
either of these compounds with acetic anhydride yields B-amyradienyl acetate (Beynon, 
Sharples, and Spring, J., 1938, 1233), which has been further characterised by the pre- 
paration of 8-amyradienol, B-amyradienyl benzoate, and B-amyradienone. The derivatives 
of 8-amyradienyl acetate described by Simpson (this vol., p. 230) are not homogeneous ; 
they are derived from a mixed crystal containing ®-amyradienyl acetate and 
B-amyrenyl acetate; the B-amyradienone described by Simpson is impure f-amyrenone. 


It was shown by Beynon, Sharples, and Spring (J., 1938, 1233), that oxidation of 
8-amyrenyl benzoate with chromic anhydride gives B-amyrenonyl benzoate, m. p. 265°, 
which was characterised as an «$-unsaturated keto-ester. Hydrolysis gave B-amyrenonol, 
m. p. 175°, acetylation of which yielded §-amyrenonyl acetate, m. p. 260—261°. The 
oxidation of -amyrenyl benzoate has been repeated by Ruzicka, Miiller, and Schellenberg 
(Helv. Chim. Acta, 1939, 22,758), who obtained the «f-unsaturated keto-benzoate, m. p. 
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262—263°, and the corresponding acetate, m. p. 264—265°, but in one respect their results 
differed appreciably from those of Beynon, Sharples, and Spring in that the 6-amyrenonol 
obtained by hydrolysis of the corresponding benzoate (using different reaction conditions) 
had m. p. 230—231° and not 175°. In view of this discrepancy we have repeated the 
hydrolysis of f-amyrenonyl benzoate. Hydrolysis, by the method of Beynon, Sharples, 
and Spring (20 hours) gave a product which was extremely soluble in the common organic 
solvents and could only be crystallised with relatively large losses of material. After a 
single crystallisation the hydrolysis product melted to an opaque liquid at 172—174°, which 
is approximately the melting point recorded by Beynon, Sharples, and Spring for 
g-amyrenonol. After five further crystallisations a small proportion of the hydrolysis 
product was obtained, m. p. 222—225°, which was not appreciably altered by further 
crystallisation. Acetylation of either the material of m. p. 172—174° or that of m. p. 
222—225° readily gave B-amyrenonyl acetate, m. p. 261-5—262-5°, in good yield. Hydro- 
lysis of B-amyrenonyl benzoate by the method of Ruzicka, Miiller, and Schellenberg 
(2 hours) gave an alcohol which before crystallisation had m. p. 230° and after two crystal- 
lisations attained the constant m. p. 231—233°; acetylation readily gave B-amyrenonyl 
acetate, m. p. 262—262-5°, identical with that first described by Beynon, Sharples, and 
Spring (loc. cit.). It is probable that the prolonged alkali treatment of B-amyrenonol in 
part isomerises it, so giving a mixture which is extremely difficult to separate, the corres- 
ponding acetylated product, however, being readily purified. Ruzicka, Miiller, and 
Schellenberg (/oc. cit.) obtained an oily product when B-amyrenonyl benzoate was hydrolysed 
for 50 hours with 10% alcoholic alkali, from which an isomeric amyrenonol, m. p. 247— 
248°, was isolated by slow crystallisation. In this experiment the isomerisation has 
apparently proceeded further than in the 20-hour hydrolysis. 

Reduction of B-amyrenonol with sodium and amy] alcohol, followed by treatment of the 
product with acetic anhydride, gives B-amyradienyl acetate, m. p. 208—209°, [«]p + 331°, 
in which the chromophoric system is located in a single ring, since it exhibits an absorption 
maximum at 2820 A., tnex. <= 9500 (Beynon, Sharples, and Spring, loc. cit.). In the mean- 
time Ewen, Spring, and Vickerstaff (J., 1939, 1303) have shown that reduction of the 
analogous «-amyrenonol with sodium and amyl alcohol or with sodium and ethyl alcohol 
gives unstable addition-reduction products, C,;H,,O, and C,,H,,O, respectively. In the 
same way we find that reduction of B-amyrenonol with sodium and amyl alcohol gives a 
compound, C,;H,,O,, m. p. 238—239°, the formation of which has involved reduction of 
the carbonyl to a secondary alcohol group and simultaneous addition of amyl alcohol to 
the ethenoid linkage; reduction of 8-amyrenon6l with sodium and ethyl alcohol gives the 
corresponding addition-reduction compound, C,,H;,03, m. p. 236-5—239-5°. On treatment 
with acetic anhydride and sodium acetate both of these reduction-addition compounds give 
one and the same f-amyradienyl acetate, the melting point of which has now been raised 
to 216—217°, [«]p +.342°. Hydrolysis of B-amyradienyl acetate gives $-amyradienol, 
m. p. 213-5—214-5°, [«]p + 320°, further characterised by the preparation of B-amyradienyl 
benzoate, m. p. 250°, [a]p + 317°. 

Oxidation of B-amyradienol gives B-amyradienone, m. p. 206—208° (oxime, m. p. 230°), 
more drastic oxidation giving f-amyrenedione identical with that prepared by the oxidation 
of either B-amyrenonol (Beynon, Sharples, and Spring, Joc. cit.) or 8-amyrenol (Spring and 
Vickerstaff, J., 1934, 650). 8-Amyradienyl acetate, B-amyradienol, and p-amyradienone 
all exhibit an absorption maximum at 2820 A., en... <= 10,000. 

If the product obtained by reduction of g-amyrenonyl benzoate with sodium and amyl 
alcohol is treated with acetic anhydride without purification of the intermediate addition- 
reduction compound, C,,H,,O,, a mixed crystal, m. p. 223—224°, is obtained which cannot 
be separated into its components by crystallisation. The mixed crystal exhibits an 
absorption maximum of 2820 ., of approximately half the intensity (c,,,,. = 5000) of 
that of authentic B-amyradienyl acetate. The physical constants of the acetate, m. p. 
223—224°, are very similar to those of “ dehydro-B-amyrenyl acetate b” of Simpson 
(this vol., p. 230), which was prepared by the method of Beynon, Sharples, and a 
(loc. cit.) except that the intermediate addition reduction product was not purified. 
derivatives of dehydro-B-amyrenyl acetate described by Simpson were prepared from thi 
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mixed crystal and differ markedly from the corresponding derivatives of authentic dehydro- 
G-amyrenyl acetate ($-amyradienyl acetate). In particular the “ §-amyradienone ” 
described by Simpson, which exhibits two weak absorption maxima (¢,,,. in both cases 
< 2000), cannot be the ketone corresponding to @-amyradienol, as this would be expected 
to exhibit approximately the same light absorption properties as the parent alcohol, since 
both contain the same major chromophore. We have repeated the oxidation of the alcohol 
obtained by hydrolysis of “‘ dehydro-B-amyrenyl acetate b”’ and obtained, in small yield, 
8-amyrenone (Rollett, Monatsh., 1922, 48, 417), thus proving the presence of B-amyrenyl 
acetate in the acetate, m. p. 223—224°. The constants recorded by Simpson for 
“‘ 8-amyradienone ”’ show that it is impure 8-amyrenone : 
‘* B-Amyradienone’’ (Sim — (a) M. p. 170—171°: B-Amyrenone (Rollett). M.p.177—179°. Oxime 
(b) m. p. 176-5—178°. Oxime, m. p. 268-5—270° —_—_m, p. 267°. 
The analyses recorded by Simpson are in better agreement with the theoretical values for 
§-amyrenone (C,,H,,O) than with those for B-amyradienone (C,,H,,0). 

The formation of a similar mixed crystal has been observed in the reduction of «-amyren- 
onyl esters (Ewen and Spring, preceding paper) ; this likewise has a higher melting point 
and a considerably lower intensity of absorption at 2800 a., than «-amyradieny]l acetate. 


EXPERIMENTAL. 


B-Amyrenonyl Benzoate (cf. Beynon, Sharples, and Spring, loc. cit.}—The oxidation was 
effected in the manner previously described. On dilution of the boiling solution with water 
until crystals separated, followed by cooling, the solution deposited scintillating plates (yield, 
33%). When crystallised from acetic acid, f-amyrenonyl benzoate separated in long stout 
needles or scintillating plates, m. p. 265°, the form depending upon the concentration of the 
solution and the rate of cooling; the two forms were readily interconvertible; [a]? + 156° 
(1 = 1, c = 0-9 in chloroform).* 

Hydrolysis of B-Amyrenonyl Benzoate.—(a) A solution of the benzoate (5 g.) in benzene (25 c.c.) 
was refluxed with alcoholic potassium hydroxide (10%; 250 c.c.) for 20 hours. The product, 
isolated in the usual manner, separated from slightly aqueous acetone in needles, m. p. 172— 
174° to an opaque liquid, which finally cleared at 216—218° After five crystallisations from 
aqueous acetone, the product was obtained in felted needles, m. p. 222—225° after sintering 
at 218°. A mixture of this with the alcohol, m. p. 231—233°, obtained by method (b) had 
m. p. 228—231°. 

(b) The hydrolysis was carried out by the method of Ruzicka, Miiller, and Schellenberg 
(loc. cit.). After two crystallisations from aqueous acetone the product had m. p. 231—233°. 
It did not give a coloration with tetranitromethane in chloroform solution (Found: C, 81-6; 
H, 11-0. Calc. for Cs,H,,0,: C, 81-8; H, 11-0%). 

B-Amyrenonyl Acetate.—The alcohol (1-0 g.), obtained by method (b), in pyridine (5 c.c.) 
and acetic anhydride (5 c.c.) was heated on the steam-bath for 75 minutes. The product, 
isolated in the usual manner, after one crystallisation from alcohol gave B-amyrenonyl acetate 
in hard needles, m. p. 262—262-5°, [«]?” + 116° (1 = 1, c= 0-7 in chloroform) (Found: 
C, 79-6; H, 10-6. Calc. for C;,H,,0,: C, 79-6; H, 10-4%). The m. p. of the acetate was not 
depressed by the original specimen of Beynon, Sharples, and Spring (Joc. cit.). Similar acetyl- 
ation of the alcohols, m. p. 172—174° and m. p. 222—224°, prepared by method (a) gave 
8-amyrenonyl acetate, [«]}” + 117° (J = 0-5, c = 0-7 in chloroform), m. p. 261—262-5°, unde- 
pressed by the specimen described above [Found (specimen from alcohol, m. p. 222—224°) : 
C, 79-5; H, 10°3%]. 

B-Amyradienyl Acetate.—(a) A solution of B-amyrenonol (11 g., m. p. 230—231°) in boiling 
absolute alcohol (275 c.c.) was treated with sodium (11 g.), added during 20 minutes with vigorous 
stirring. After refluxing for a further 10 minutes, the solution was diluted with alcohol (175 c.c.) 
and further additions of sodium (11 g.) were made during 25 minutes. The mixture was 
refluxed for 1 hour.and largely diluted with water, and the solid collected, washed with water, 
and dried. The solid was again taken up in alcohol and treated with sodium as described above. 
The product obtained by precipitation with water was crystallised thrice from ethyl alcohol, 
from which the addition-reduction compound separated in long needles, m. p. 236-5—239-5°. 


* The rotations recorded for B-amyrenonyl benzoate and f-amyrenonyl acetate in Part V are to be 
interchanged; they were interplaced in error. 
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It gave a faint yellow coloration with tetranitromethane in chloroform (Found: C, 78-6; 
H, 11-5. C3,H,,O0, requires C, 78-6; H, 11-5%). 

The compound C,,H,,0, (2 g.) in acetic anhydride (50 c.c.) was refluxed for 2 hours with 
sodium acetate (0-25 g.). On cooling, the solution deposited prismatic needles, which after 
recrystallisation from acetone gave f-amyradienyl acetate in needles, m. p. 217°, [a]? + 342° 
(1 = 1, c = 1-0 in chloroform). It gave a deep brown coloration with tetranitromethane in 
chloroform and a yellow coloration with antimony trichloride in chloroform (Found: C, 82-4; 
H, 10-9. Calc. for C;,H,,0,: C, 82-3; H, 10-8%). Removal of the solvent from the alcoholic 
mother-liquors of the compound C,,H,,0, gave a resin, which after treatment with acetic 
anhydride and sodium acetate gave a further quantity of B-amyradienyl acetate; this after 
three crystallisations from acetone separated in needles, m. p. 216-5—217°, undepressed by the 
specimen described above. Experience has shown that the most direct way to prepare 
p-amyradieny] acetate is by a single reduction of B-amyrenonol with sodium and alcohol, followed 
by direct treatment of the product (without purification) with acetic anhydride; the dienyl 
acetate so obtained has m. p. 216—217°. Light absorption in alcohol : Maximum at 2820 a., 
Emax. = 10,750. 

(b) A boiling solution of B-amyrenonol (m. p. 231—233°) (2-2 g.) in amyl alcohol (technical, 
80 c.c) was treated during 5 minutes with sodium (4-4 g.), the mixture being stirred. Stirring 
was continued for 1 hour, the solution washed with hot water, and the amyl alcohol removed 
insteam. The separated solid was collected, dried, taken up in amyl alcohol (80 c.c.), and again 
treated with sodium as described above. The product was crystallised thrice from acetone, 
from which the addition-reduction compound separated in long needles, m. p. 238—239° [Found 
(Specimen dried in a vacuum over phosphoric oxide for 8 hours at 80°): C, 78-9; H, 11-4. 
C,;H,,O, requires C, 79-2; H, 11-7%]. As in the case of «-amyrenonol, this addition-reduction 
compound is not stable when crystallised from amyl alcohol, the melting point progressively 
sinking to 215° after three crystallisations. 

The compound C,,H,,0O, (m. p. 238—239°) (0-3 g.) was refluxed with acetic anhydride 
(25 c.c.) and sodium acetate (0-1 g.) for 2 hours. The product, isolated in the usual manner, 
was crystallised thrice from acetone, from which f-amyradienyl acetate separated in needles 
m. p. 216-5—217-5° (constant), undepressed by the specimen prepared by method (a). Light 
absorption in alcohol : Maximum at 2820 A., tngx, = 10,600. 

8-Amyradienol.—B-Amyradienyl acetate (0-2 g.) was refluxed with alcoholic potassium 
hydroxide (1%; 26c.c.) for 5 hours. The solution was concentrated to 7 c.c. and diluted with 
water, and the mixture extracted with ether. Removal of the solvent and crystallisation of the 
residue from methyl alcohol gave B-amyradienol in well-defined needles, m. p. 213-5—214-5°, 
[a}3" + 319° (i = 0-5, c = 0-7 in chloroform). When it was mixed with $-amyradienyl 
acetate, the m. p. was depressed to 183—-189°. §-Amyradienol gave a deep brown coloration 
with tetranitromethane in chloroform and a yellow solution with antimony trichloride in 
chloroform (Found: C, 84-4; H, 11-5. Cs H,,O0 requires C, 84-8; H,11-4%). Light absorption 
in alcohol : Maximum at 2810 A., ema, 9500. 

8-Amyradienol (0-1 g.) was refluxed with acetic anhydride (5 c.c.) for 2 hours. On cooling, 
prismatic needles separated, which after a single crystallisation from acetone gave B-amyradienyl 
acetate, m. p. 216—217°, undepressed by the specimens described above, showing an absorption 
maximum at 2820 A., ena, = 10,800. 

8-Amyradienyl Benzoate.—B-Amyradienol (0-2 g.) in pyridine (3 c.c.) and benzoyl chloride 
(1 c.c.) was heated on the steam-bath for 80 minutes. After the addition of 3n-sodium carbonate 
(30 c.c.) the mixture was extracted with ether. Removal of the solvent and two crystallisations 
of the residue from methyl alcohol gave B-amyradienyl benzoate in scintillating plates, m. p. 250° 
(constant), [a]?” + 317° (1 = 0-5, c = 0-9 in chloroform). It gave a deep brown coloration 
with tetranitromethane in chloroform (Found: C, 84-0; H, 10-2. C,,H,;,O, requires C, 84-05; 
H, 9-9%). 

B-Amyrenedione from 8-Amyradienol.—A solution of B-amyradienol (m. p. 214°) (2-0 g.) 
in glacial acetic acid (50 c.c.) was treated at 70° with a solution of chromic anhydride (0-7 g.) 
in water (1 c.c.) and acetic acid (40 c.c.), added during 30 minutes with stirring. The solution 
was concentrated under reduced pressure to one-quarter bulk and diluted with water, and the 
product extracted with ether. The extract was washed with sodium carbonate solution (10%) 
and dried, and the ether removed. The residue was crystallised thrice from methanol, yielding 
f-amyrenedione in plates, m. p. 235°, undepressed by the specimen described by Spring and 
Vickerstaff (J., 1934, 650; Beynon, Sharples, and Spring, loc. cit.). It did not give a coloration 
with tetranitromethane in chloroform; [a]%° + 144° (J = 1, c = 0-1 in chloroform) (Found : 
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C, 81:5; H, 10-7. Calc. for Cyg5H,,O,: C, 82:1; H, 10-6%). Light absorption in alcohol : 
Maximum at 2510 A., Emax, = 10,500. 

8-A myradienone.—A solution of B-amyradienol (0-6 g.) in glacial acetic acid (50 c.c.) was 
heated at 70° with a solution of chromic anhydride (0-11 g.) in acetic acid (95%; 20 c.c.), 
added during 80 minutes with mechanical stirring. The solution was maintained at 70° for 
a further hour and set aside overnight. The product obtained by precipitation with water 
contained unchanged 8-amyradienol, which was best separated by heating the mixture with 
pyridine (4 c.c.) and acetic anhydride (4 c.c.) on the steam-bath for 1 hour. The product 
isolated by means of ether was taken up in alcohol, from which B-amyradienyl acetate separated ; 
after one recrystallisation from methanol it had m. p. 212——-214°, undepressed by an authentic 
specimen. The alcoholic mother-liquors were concentrated and cooled to 0°, giving a second 
crop which after three crystallisations from methanol—acetone gave B-amyradienone in long fine 
needles, m. p. 206—208°, depressed to 175—-189° by 6-amyradienyl acetate and to 170—190° 
by B-amyradienol. It gave a strong brown coloration with tetranitromethane in chloroform 
(Found: C, 85-1; H, 11-2. C,,H,,O requires C, 85-2; H, 110%). Light absorption in alcohol : 
Maximum at 2820 A., emax = 9200. The oxime, prepared in the usual manner, separated 
from methanol—ethanol (1 : I) in small hard prisms, m. p. 234—235° (decomp.). 

Acetate, m. p. 223—224°.—A boiling solution of 8-amyrenonyl benzoate (6 g.) in amyl alcohol 
(200 c.c.) was treated with sodium (12 g.), added in small quantities during 30 minutes. After 
boiling for 2 hours, the amyl alcohol was removed in steam, and the residual solid collected and 
refluxed with acetic anhydride (70 c.c.) and potassium acetate (5 g.) for 1 hour. The solution 
was decomposed with water, and the solid collected and crystallised thrice from acetone, giving 
the acetate in long thick needles, m. p. 223—-224°; this gave a strong brown coloration with 
tetranitromethane in chloroform (Found: C, 82-3; H, 11:1. C,,H,;,0, requires C, 82-0; 
H, 11:2%. C3,.H sO, requires C, 82-3; H, 10-8%). Light absorption in alcohol : Maximum at 
2820 A., Emax, = 4740. 

B-A myrenone.—The acetate (m. p. 223—-224°) (0-26 g.) was refluxed with alcoholic potassium 
hydroxide (4% ; 50c.c.) for 3 hours; the solution was then concentrated to half bulk and diluted 
with water, and the product isolated by means of ether. When crystallised from methy] alcohol, 
it had m. p. 209—211° (sintering at 198°). Them. p. gradually rose with repeated crystallisation. 
The crude hydrolysis product (0-24 g.) in glacial acetic acid (15 c.c.) was treated at 60° with a 
solution of chromic anhydride in 95% acetic acid (0-28N; 7 c.c.), added during 30 minutes. 
After standing overnight at room temperature, the solution was concentrated under reduced 
pressure to approximately one-third bulk and largely diluted with water, and the mixture 
extracted with ether. The extract was washed with 10% sodium carbonate solution, and the 
solvent removed after drying. Crystallisation of the residue from methanol gave small needles, 
which after two recrystallisations from this solvent attained the constant m. p. 176—178°. The 
product gave a yellow coloration with tetranitromethane, in contrast to the deep brown 
coloration produced by $-amyradienol and its derivatives. The m. p. of a mixture with 
B-amyrenone (m. p. 178—180°) was 179° (Found: C, 84:7; H, 11-5. Calc. for C,,H,,O: 
C, 84-8; H, 11-4%). The semicarbazone separated from alcohol—benzene in plates, m. p. 
242—-243°, undepressed by f-amyrenone semicarbazone (m. p. 243—244°). 
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226. Acid Catalysis in Non-aqueous Solvents. Part IX. The 
Mutarotation of «-Nitrocamphor in Chlorobenzene Solution. 


By R. P. Bet and J. A. SHERRED. 


Evidence is given which suggests that the mutarotation of nitrocamphor involves 
the interconversion of two stereoisomers rather than of a normal and an aci-nitro-form. 
The mechanism of catalysis by acids and bases is discussed, and kinetic data are given 
for catalysis by five acids in chlorobenzene solution at 25°. The reactions are of the 
first order and there is an approximate relation between the catalytic power of an 
acid and its dissociation constant in water. 


IT has long been known that freshly prepared solutions of «-nitrocamphor and its derivatives 
undergo a change of rotation on standing, and in some cases it is possible to isolate two 
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solid forms differing in their rotations and other physical properties. Most of the 
experimental and theoretical work on the subject is due to Lowry and his collaborators 
(J., 1898—1915), who established that the change is catalysed by both acids and bases. No 
quantitative catalytic measurements have, however, been made. The present paper 
contains a discussion of the mechanism of mutarotation and some kinetic data on catalysis 
by acids in chlorobenzene solution. A fuller experimental study has been postponed. 
The Nature of the Mutarotation Reaction.—Lowry and all subsequent writers suppose 
that the change of rotation observed with «-nitrocamphor is due to a partial conversion 
of the ordinary nitro- into the aci-nitro-form, (I) == (II), these two structures corresponding 


JO O 
(t.) CoH | — Catt | zO (i1.) 
H-NO, Nv 
OH 


to the two solid forms which can be isolated in some cases. The only positive evidence 
for this assumption is based on analogies between the negative rotation of nitrocamphoric 
anhydride and the negative change of rotation when the mutarotation of nitrocamphor 
takes place. It seems more likely that both the forms have the normal nitro-structure, 
but differ in the configuration of the groups round the «a-carbon atom. Since there are 
other asymmetric centres in the camphor molecule the two forms are not mirror images, 
but will differ in physical properties in general. The mutarotation reaction will then be 
analogous to the inversion of menthone (Bell and Caldin, J., 1938, 382) and to the muta- 
rotation processes observed for the two forms of «-chloro- and «-bromo-camphor (Lowry, 
J., 1906, 89, 1033; Lowry and Steele, J., 1915, 107, 1382). The following are our chief 
reasons for this conclusion : 

(a) According to Lowry, the process of mutarotation involves the partial conversion of 
the normal into the aci-form in solution, and in cases where the two forms can be isolated 
as solids the equilibrium solution contains comparable amounts of both forms. This 
behaviour would be expected for a pair of stereoisomers ; on the other hand, in all established 
cases of nitro—aci-nitro-tautomerism the aci-form is completely converted into the normal 
form at equilibrium. 

(b) The process of mutarotation causes no change in the weak coloration which 
a-nitrocamphor gives with ferric chloride. In contrast to this behaviour the aci-form of 
nitrocamphane (which is prepared by acidifying solutions of the sodium salt and reverts 
completely to the normal form on keeping) gives a strong coloration with ferric chloride 
and differs in several other respects. from the normal nitrocamphane (Forster, J., 1900, 77, 
251). 

(c) Acidification of ieiationn of salts of a-nitrocamphor and a-nitro-x-bromocamphor 
does not give chiefly the supposed aci-form, but a mixture of the two forms in roughly the 
equilibrium proportion (Lowry, J., 1899, 75, 211). 

The change of configuration which we have supposed will take place by the ionisation 
of the hydrogen atom in the group >CH-NO,, this ionisation being facilitated by the 
possibilities of mesomerism in the resulting ion. In the first place we have the alternative 
structures (III) and (IV), as in all ketones. Further, the mutarotation of nitrocamphor is 


C-NO, C-NO, 
C,H 14 O C,H 14 - 0 


(III.) (IV.) 


much more facile than the prototropic reactions of simple ketones, and although this is 
partly due to the inductive effect of the nitro-group, it is likely that the form (V) also con- 
tributes to stabilise the ion. Information on this point might be obtained by staying the 
catalytic behaviour of the racemisation of active nitroparaffins. 

In the base-catalysed mutarotation the proton is simply lost to the base, forming the 
ion described above. In catalysis by acids this process must be preceded by the addition 
of a proton at another point in the molecule, as in the prototropy of ketones (Pedersen, 
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J. Physical Chem., 1934, 38, 591; Trans. Faraday Soc., 1938, 34, 237; Wilson, ibid., 
p. 175). Itis again possible that the nitro-group plays an essential part ; 1.e., the proton may 
add on to give either (VI) or (VII). The nitro-group certainly has weak basic properties, 


Ht 


O 
/SENOs H-NG 
(VI.) cai] cK] O (VII.) 
-OH*t O 
since strong acids give conducting solutions in nitromethane (Wright, Murray-Rust, and 
Hartley, J., 1931, 199). There are, moreover, two points in our own experimental results 
which suggest that the mechanism differs essentially from that for the prototropy of simple 
ketones. (i) Both acids and bases are more effective as catalysts for the mutarotation of 
nitrocamphor than for the racemisation of ketones under the same conditions, whereas a 
purely polar effect would be expected to influence the two types of catalysis in opposite 
directions. (ii) The relation between catalytic power and acid strength appears to differ 
considerably from the corresponding relations for simple ketones. It is thus probable that 


the nitro-group plays an essential part in the mechanism of mutarotation by means of the 
structures (V) and (VII). 
Fic. 1. 


Lie 














sh 
Time, minutes. 


EXPERIMENTAL. 


Materials.—The purification of the chlorobenzene and the acids has been described in 
earlier papers of this series. a«-Nitrocamphor was prepared by oxidation of isonitrosocamphor 
with the theoretical quantity of dilute permanganate solution at 0° (Lowry, J., 1898, 73, 995) ; 
the resulting solution was filtered and acidified with acetic acid, and the oil which separated 
out solidified on standing and was recrystallised from methylated spirit, m. p. 102°. The best 
yields (40%) were obtained by using small quantities (about 10 g.). 

In chlorobenzene solution «-nitrocamphor had [a]? + 105°, decreasing on mutarotation 
to + 78°. These solutions were very stable in the absence of catalyst, and exhibited no measur- 
able change in rotation for at least 24 hours. It was found possible to recover about 90% 
ofthe nitrocamphor in the original state from solutions which had undergone mutarotation. 
The chlorobenzene solution was extracted with a slight excess of 2N-potassium hydroxide 
solution, and the aqueous layer washed twice with ether. After removal of dissolved ether by 
a current of air, the solution of the potassium salt was worked up for nitrocamphor as above. 

Kinetic Measurements.—The polarimeter and thermostat have already been described (Bell 
and Caldin, J., 1938, 382; Bell, Lidwell, and Wright, ibid., p. 1961). The temperature was 
throughout 25°. The reactions were not slow enough to permit repeated readings to be taken, 
and the chief error in reading was due to parallax : this was partly avoided by a rubber eyepiece 
which fixed the position of the observer’s eye. The solutions used contained about 5% of 
a-nitrocamphor by weight, giving an initial rotation of about 9° and a change of about 2°. 
Each reaction was strictly of the first order, and the velocity constants were evaluated by 
Guggenheim’s graphical method (Phil. Mag., 1926, 2, 538). Fig. 1 shows a typical plot of this 
kind. ; 
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Results.—In the following table the acid concentrations c are expressed in g.-mols. per 1000 g. 
of solvent, and the first-order constants k in decadic logarithms and minutes. For three of 
the acids, & and c are related by the simple equation k = k,c (where k, is the catalytic con- 
stant), as shown by the agreement between the observed and calculated values. In the case of 
8-chloropropionic acid the relation is not linear, and one of the form k = k,c + bct has been 
used. The values of k, and their probable errors have been obtained from the experimental 
data by the method of least squares. The values of K, given for each acid are the dissociation 
constants in water at 25°. 


Trimethylacetic acid : Ky = 9-1 X 10, ky = 0-109 + 0-003. 
6-84 10-4 
0-776 1-18 
0-392 0-742 1-12 
B-Chloropropionic acid : Ky = 86 X 10+, ky = 0-20 + 0-04, b = 0- 
100¢ ... idieeuiiiiiaddtinn ae 1-15 2-86 3-72 


een BEND: sreeecereersensnpane 1-13 1-49 2-42 2-82 
i pgpaneeeiamvanean ie 1-36 2-40 2-83 


Monochloroacetic acid : Ky = 1-38 x 10°, kg = 0-62 + 0-03. 
1-76 3-64 4-03 5-71 
2-22 2-79 3-40 
2-24 2-48 3-52 
Dichloroacetic acid : Ky = 5-0 X 10°, kg = 1-27 + 0-03. © 
100 ¢ a 0-96 1-18 . 1-48 1-56 1-82 


100 2{ 28: wet iciaiee 1-30 1-52 1-91 2-11 2-13 
Re ae 1-22 1-50 1-88 1-98 2-31 


A number of experiments with phenylacetic acid (K, = 4:88 x 10-5) gave erratic results 
varying by more than 100%; mean value k, = 0-3 + 0-1. 


Discussion.—The above results show clearly that the mutarotation of nitrocamphor is 
catalysed by acids in general, and there is, as usual, a parallelism between the catalytic 
power of an acid and its dissociation constant in water. This is illustrated by Fig. 2, 
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which is a plot of log, 9%, against log,,K,. The lengths of the vertical lines represent the 
probable error in the catalytic constants. The straight line drawn has a slope of 0-3; this 
contrasts with the value 0-6—0-8 found for the inversion of menthone in the same solvent 
(Bell and Caldin, Joc. cit.). Discussion of the detailed mechanism of catalysis must be 
postponed until more data are available. 


Our thanks are due to the Chemical Society for a grant for the purchase of materials. 


PuysicaL CHEMISTRY LABORATORY, 
BALLIOL COLLEGE AND TRINITY COLLEGE, OXFORD. [Received, July 15th, 1940.) 
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227. Studies on Hydrogen Cyanide. Part XII. The reir ine of 
the Tetrapolymer of Hydrogen Cyanide. 


By LEonARD E. HINKEL and T. ISWEL WATKINS. 


Evidence for the views expressed by Hinkel, Richards, and Thomas (J., 1937, 
1432) for the asymmetric structure of the tetrapolymer of hydrogen cyanide has now 
been obtained. From the salt which the polymer forms with 8-camphorsulphonic 
acid one of the two diastereoisomerides, possessing a strong levorotation, has been 
obtained by a process of partial solution. The two diastereoisomerides are mutually 
interconverted by simple solution, this conversion becoming predominant in one 
direction at higher temperatures. The active salt is readily hydrolysed by water, the 
free base so obtained being inactive owing to its racemisation on liberation from 
its salt. 


THE condensation of the tetrapolymer of hydrogen cyanide with glyoxal to form a 
dicyanopyrazine led Gryszkiewicz-Trochimowski (Rocz. Chem., 1928, 8, 165) to assign to 
the polymer the diaminomaleinitrile structure (I). On the other hand, Hinkel, Richards, 
and Thomas (J., 1937, 1432; cf. Hinkel, J., 1939, 492) found that in its behaviour with 
hydrogen chloride, benzaldehyde, and acetic anhydride, the tetrapolymer did not display 
the characteristic properties of an.aliphatic diamine. They assigned to the compound the 
aminoiminosuccinonitrile structure (II) which they considered was alone capable of 
explaining all its reactions. 


NH,—C—CN NH,—CH—CN 


NH,—C—CN NH=C—CN 
(L.) (II.) 


The outstanding difference between these two structures lies in the asymmetric character 
of the latter, and if the compound has this constitution it should exhibit optical activity. 
Evidence for this has therefore been sought. 

In the present investigation, although the active forms of the free base have not been 
isolated, an optically active diastereoisomeride possessing a strong levorotation has been 
obtained with 8-camphorsulphonic acid. This fact can only be explained on the premise 
that the base component must possess a high levorotation, and this was confirmed by 
making comparative readings with solutions in pyridine of (a) an equivalent of free 
8-camphorsulphonic acid, (b) a mixture of the equivalent amounts of the 8-acid and inactive 
base, and (c) an equivalent amount of the salt prepared by direct union of the inactive base 
with the 8-acid without crystallisation, so that no separation could have occurred. In 
these three cases the optical rotations were identical and were therefore due to the 8-acid 
alone. 

The resolution of the tetrapolymer presented some unusual featurés: not only are the 
two active diastereoisomerides mutually interconverted by simple solution, but also this 
inversion takes place predominantly in one direction with increase of temperature, to 
form the /-diastereoisomeride. 

Asymmetric transformations are well known (Ann. Reports, 1933, 30, 261; 1939, 36, 
247), and have been classified by Kuhn (Ber., 1932, 65, 49) into two orders. According 
to him, a “ first order” is one in which the two interconvertible diastereoisomerides do 
not separate from solution, whereas in the ‘“‘ second order” only one diastereoisomeride 
separates from solution. 

The diastereoisomerides of the tetrapolymer of hydrogen cyanide cannot be relegated 
to either order, since, although crystallisation from cold solution gives no separation, 
yet a very slight separation can be obtained by crystallisation from hot saturated 
solutions. 

Treatment of the racemate with insufficient cold solvent for complete solution effects 
a partial separation of the diastereoisomerides, since the m. p. of the undissolved solid is 
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considerably raised. This process of partial solution of the solid mixture of isomerides, 
if carried out at a higher temperature, results in a complete conversion of the undissolved 
solid into the less soluble /-diastereoisomeride. In these circumstances a greater dis- 
solution of the d-compound occurs. The shift in equilibrium in solution, which occurs with 
rise in temperature, causes the conversion of the d-component into the more insoluble 
l-component, which is then deposited. This process continues until all the d-component 
has been converted into the component. 

When the camphorsulphonate of the base is heated in alcoholic solution for any 
appreciable length of time, considerable darkening of the solution occurs owing to the 
partial decomposition of the base portion of the salt, since the free base behaves similarly 
when in aqueous or alcoholic solution. 

In. aqueous solutions the camphorsulphonate undergoes hydrolysis into the free acid 
and base, the latter separating from the solution as colourless crystals. The base can 
also be completely liberated from its salt by means of dilute alkali, the base so liberated 
being optically inactive. In pyridine solution no dissociation occurs, and it is remarkable 
that even in a 10% aqueous solution of pyridine no dissociation apparently takes place and, 
although the rotation is less than in pure pyridine, the rotations of the controlled solutions 
are also proportionately lowered. 

That the liberated base from the camphorsulphonate should be inactive was not wholly 
unexpected, since it has been shown (Pope and Harvey, J., 1901, 79, 85) that in all those 
cases where racemisation of the liberated base occurred, the base contained the grouping 
(III), which is present in the tetrapolymer (II). 


EXPERIMENTAL. 


The crude tetrapolymer, obtained by extraction of the black polymerised product of hydrogen 
cyanide, was purified by crystallisation from isobutyl alcohol (charcoal) and finally from hot 
amyl alcohol, being obtained as white needles, m. p. 184° (decomp.). [The majority of previous 
workers record 180° but Fialkoff (Zentralbl., 1926, 41, 1209) recorded 182° and Hinkel, Richards, 
and Thomas (loc. cit.) give 181°.] 

Preparation of Aminoiminosuccinonitrile 8-Camphorsulphonate.—To a hot solution of the 
tetrapolymer (1-0 g.; 1 mol.) in dry ethyl acetate (25 c.c.) a hot solution of 3-camphorsulphonic 
acid (2-2 g.; 1 mol.) in ethyl acetate (40 c.c.) was quickly added with stirring. The salt was 
immediately precipitated as white micaceous plates. After cooling, these were filtered off, 
washed with a little cold ethyl acetate, and dried in a vacuum (yield almost quantitative). 
The solid melts sharply with decomposition at a temperature between 176° and 182° according 
to the initial temperature of the reactant solutions. Repeated crystallisation of the salt from 
alcohol yielded crystals having m. p.’s varying between 176° and 182°, whereas by fractional 
crystallisation from a hot saturated solution in alcohol, it was possible to obtain crystals having 
am. p. as high as 186°. 

Conversion of the Racemate into the \-Diastereoisomeride—1 G. of the camphorsulphonate 
(m. p. 176—182°) was boiled under reflux with ethyl acetate (100 c.c.). At first the boiling 
proceeded gently, the solid gradually became granular, and when the change was complete 
(1—14 hrs.) the solution bumped violently. At this stage the mixture was filtered whilst hot, 
and the solid after being quickly washed with a little cold ethyl acetate was dried in a vacuum ; 
m. p. 237° (decomp.) (Found: S, 9-35; N, 16-7. C,,H,,O,N,S requires S, 9-4; N, 16-5%). 
The salt is fairly soluble in acetonitrile and somewhat less soluble in propionitrile in the hot, and 
when crystallised from these solvents the partly racemised solids so obtained have m. p.’s varying 
between 190° and 226°. These lower-melting solids can readily be reconverted into the higher- 
melting solid (237°) by boiling with ethyl acetate as described above. 

Measurements of Optical Rotations.—The camphorsulphonate of the base is very soluble in 
pure pyridine and also in dilute aqueous pyridine solution. In order to obtain comparable 
polarimetric readings, solutions were made containing 1 g. of the active salt (corresponding to 
0-6823 g. of camphorsulphonic acid and 0-3176 g. of the polymer) in 50 c.c. of the solvent. 
Similarly, control solutions were made of (a) the same concentration of the free active acid, 
(b) a mixture of the acid and base corresponding to 1 g. of the salt, (c) 1 g. of unresolved salt 
(m. p. 176°), (d) 1 g. of partially resolved salts (m. p. between 176° and 237°). In all cases the 
solutions were filtered into the 40-cm. polarimeter tube used for the observations. 

4. 





Notes. 


Polarimetric Readings. 


Rotations in pyridine Rotations i dine water + 10% 
Substance. at 19°. pyridine at 19°. 
Resolved J-salt, m. Pp. 237° ....seseecsecerceeeeeceeees —42-4° 
Partially resolved salt, m. p. SARE 
oe ” ” mo p- 207° 
re _ bbd désedeceassoese 


Unresolved salt, m. p. 176 
§-Camphorsulphonic acid . nhovtenesernabesenies 
5-Acid + POLYMET ..........ceeeecerceeceeeceececeeceeees 

The authors’ thanks are due to the Chemical Society fo: 
Industries, Ltd., for a grant and gifts of chemicals. 


UNIVERSITY COLLEGE, SWANSEA. [Received, April 17th, 1940.} 





NOTES. 


The Synthesis of Baeckeol. By B. A. Hems and A. R. Topp. 


RAMAGE and Stowe (this vol., p. 425) reported that they had synthesised methylphloriso- 

butyrophenone dimethyl ether (I) and shown it to be identical with baeckeol, a phenolic con- 

stituent of essential oils from certain species of Myrtacee (Penfold and Morrison, J. Proc. Roy. 

Soc. New South Wales, 1922, 56, 87). In the course of some unpublished synthetic work on 

Me constituents of the anthelminthic drug kousso (cf. Hems and Todd, J., 

1937, 562), carried out in the University of Edinburgh some years ago, 

M H we had occasion to synthesise (I). The method employed was direct 

O-CHMe, methylation of phlorisobutyrophenone in acetone solution with methyl 

OMe a iodide and potassium carbonate and the synthesis is worthy of record, 

(I.) since it is preferable to that of Ramage and Stowe should (I) be 

required in any quantity.. The orientation of our material as 2-hydroxy-4 : 6-dimethoxy- 

3-methylisobutyrophenone (I) follows from the fact that it gives a reddish-violet colour with 

ferric chloride and a blue colour with 2: 6-dichloroquinonechloroimide, the latter reaction 
indicating that the p-position to the free hydroxyl is unsubstituted. 

There appeared to be one serious discrepancy between our results and those of Ramage and 
Stowe; the acetate of our product crystallised from aqueous methanol in needles, m. p. 79— 
80°, whereas the synthetic baeckeol of these authors gave an acetate crystallising from the same 
solvent in prisms, m. p. 73°, undepressed on admixture with natural baeckeol acetate (prisms, 
m. p. 71—72°. Penfold and Simonsen, J. Proc. Roy. Soc. New South Wales, 1938, 71, 291). 
Through the kindness of Professor Simonsen and Dr. Ramage we have been able to compare 
the natural and the synthetic product and clear up the discrepancy, which is due to dimorphism 
(see below). Ifthe prism form is melted and maintained at 75° for a minute or so, it resolidifies 
at that temperature and on further heating melts at 79—80°. 

2-Hydroxy-4 : 6-dimethoxy-3-methylisobutyrophenone (Baeckeol) (1).—A mixture of phloriso- 
butyrophenone (2 g.) (Karrer, Helv. Chim. Acia, 1919, 2, 466), methyl iodide (4 c.c.), acetone 
(20 c.c.), and anhydrous potassium carbonate (6 g.) was refluxed for 2 hours and cooled, and the 
liquid filtered and evaporated to dryness. The residue on recrystallisation from methanol gave 
(I) in pale yellow needles (0-7 g.), m. p. 103—104° (Found : C, 65-3; H, 7-6. Calc. for C,,;H,,0, : 
C, 65-5; H, 76%). The mixed m. p. with natural or synthetic (R. and S.) baeckeol showed no 
depression. 

2-A cetoxy-4 : 6-dimethoxy-3-methylisobutyrophenone—The synthetic phenol was refluxed for 
1} hours in pyridine solution with acetic anhydride. On crystallisation from warm aqueous 
methanol the acetate separated in colourless needles, m. p. 79—80° (Found: C, 64:2; H, 7:4. 
Calc. for C,;H,,0,: C, 64:3; H, 7:1%). When the acetate was dissolved in warm aqueous 
methanol of such a concentration that no crystallisation occurred before the solution reached 
room temperature, and the solution was left in the ice-chest for several hours, colourless prisms 
were obtained, m. p. 73° (Found: C, 63-9; H, 7-2%). A mixed m. p. with a specimen of 
synthetic baeckeol acetate (R. and S., m. p. 73°) showed no depression, and a mixture of the 
prism and the needle form melted at 79—80°. 

Baeckeol Acetate from Natural Matevial.—Prepared from natural baeckeol by the above 
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methods, the acetate was obtained in needles, m. p. 79°, and in prisms, m. p. 73°, undepressed on 
admixture with the corresponding forms prepared from the synthetic product. 


The authors are indebted to the Carnegie Trustees for a Research Scholarship held by one 
of them (B. A. H.).—THE UNIVERSITY, MANCHESTER. [Received, July 17th, 1940.} 





An Attempted Synthesis of Papaverine. By J. F. Kerrorp. 


An attempt was made to apply a new general synthesis of 1l-isoquinoline derivatives (Davies, 
Kefford, and Osborne, J., 1939, 360) to the synthesis of papaverine by condensing w-bromo-6- 
cyano-3 : 4-dimethoxystyrene with the Grignard compound of veratryl bromide. However, 
attempts to prepare the latter Grignard compound were unsuccessful. Certain intermediates 
which have not previously been recorded are here described. - 

6-Nitro-3 : 4-dimethoxycinnamic acid, prepared from 6-nitroveratraldehyde by malonic acid 
condensation, formed yellow needles, m. p. 286° (decomp.), from glacial acetic acid. Kanevska 
et al. (Arch. Pharm., 1934, 272, 770) record m. p. 281—282° (decomp.). 

The acid (25 g.) was dissolved in 200 ml. of concentrated aqueous ammonia, added to a hot 
ferrous sulphate solution (250 g. in 400 ml.), and boiled for 10 minutes with shaking. After 
cooling and filtration, neutralisation of the filtrate with sulphuric acid precipitated brown 
plates (16 g.), m. p. 175—177°, of 6-amino-3 : 4-dimethoxycinnamic acid. The amino-acid was 
not further purified; but treatment with concentrated hydrochloric acid, decoloration with 
charcoal, and precipitation with sodium acetate solution yielded white needles of 6: 7-di- 
methoxycarbostyril, m. p. 229° after recrystallisation from alcohol (Found: N, 68. C,,H,,O,N 
requires N, 6-8%). 

6-Cyano-3 : 4-dimethoxycinnamic Acid.—A solution of the 6-amino-acid (20 g.) in 200 ml. 
of ice-cold N-sulphuric acid was diazotised, and the diazo-solution run slowly with stirring into 
a hot solution of copper sulphate (24-6 g.) and sodium cyanide (16-8 g.) in 160 ml. of water. 
The mixture was heated on the water-bath for 10 minutes, acidified, cooled, and filtered. The 
product was best purified by drying and extraction with hot alcohol. After evaporation of the 
alcohol, the residue was dissolved in aqueous ammonia, decolorised with charcoal, and acidified 
to give a gelatinous precipitate, which crystallised from glacial acetic acid in white plates (9 g.), 
m. p. 273—274° (Found: equiv., 232-3. C,,H,,0,N requires equiv., 233-2). 

«-Bromo-6-cyano-3 : 4-dimethoxystyrene.—The cyano-acid (2-5 g.) was kept for 3 days over 
bromine (1-72 g.) in a desiccator. The buff powder was refluxed for 1 hour with sodium acetate 
solution (5 g. in 50 ml.), cooled, and extracted with ether. The aqueous layer, on acidification, 
gave an acid, which crystallised from glacial acetic acid in white plates, m. p. 282°, and con- 
tained bromine but no nitrogen. It is evidently «$-dibromo-6-carboxy-3 : 4-dimethoxyphenyl- 
propionic acid (Found: equiv., 206-0. C,,H,,O,Br, requires equiv., 206-0). The ethereal 
layer yielded colourless, silky needles (1-5 g.), m. p. 155° after recrystallisation from methyl 
alcohol (Found: Br, 29-75. C,,H,,O,NBr requires Br, 29-8%). On the analogy of the 
«-bromo-o-cyanostyrenes (Davies, Holmes, and Kefford, J., 1939, 357), this is cis-w-bromo-6- 
cyano-3 : 4-dimethoxystyrene, since, presumably, it is trans-6-cyano-3 : 4-dimethoxycinnamic 
acid which is prepared by the above procedure.—THE UNIVERSITY OF MELBOURNE. [Received, 
February 12th, 1940.} 





228. The Constitution of Complex Metallic Salts. Part XI. The 
Structure of the Tertiary Phosphine and Arsine Derivatives of Cad- 
mium and Mercuric Halides. 


By R. C. EvANs, FREDERICK G. MANN, H. S. PEISER, and DONALD PURDIE. 


In order to elucidate the composition and structure of the “ addition compounds ”’ 
which the organic derivatives of the 3-covalent Group 5B elements form with cadmium 
and mercuric halides, the tertiary phosphine and arsine derivatives have been studied in 
detail. 

These phosphines and arsines give three classes of compound with cadmium 
halides (CdX,): (1) [{R3P(or As)},CdX,], in which the 4-covalent complex is almost 
certainly tetrahedral; (2) [{R,P(As)},(CdX,),], which has now been shown to have the 
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tvans-symmetric bridged structure (V); (3) [{RsP(As)}3(CdX,),], a novel type of deriv- 
ative, of which the structure is now being investigated 

Mercuric halides give five classes of compound: (A) [{R,P(As)},HgX,], similar in 
configuration to Class 1 in the cadmium series; (B) [{R,P(As)},(HgX,),], which also 
has the tvans-symmetric bridged structure (VII); (C) [{R,P(As)},(HgX,)3], which 
contains two distinct structural types, one of which consists essentially of mole- 
cules of Class B alternating with simple HgX, molecules; (D) ar ya 
of which the detailed structure is still under investigation; (E) {{[R,P(As)},(HgX,).], 
of structure presumably closely similar to that of Class 3 in the cadmium series. The 
stability, structure, and inter-relationships of these compounds are discussed. 


For the identification and characterisation of amines, the crystalline addition products 
which they and their halogen salts form with mercuric halides have frequently been 
employed. In the products formed by the salts, usually of type B,,H,[HgX,] where B 
represents a molecule of the base and X a halogen atom, mercury is part of a complex anion, 
and is co-ordinated solely to halogen atoms; such products are not considered in this 
paper. The addition products of free amines and mercuric halides necessarily contain, 
however, the amine molecules co-ordinated to the mercuric atom, and they are remarkable 
for the range and diversity shown in the ratio of amine molecules to mercuric halide mole- 
cules. For instance, Staronka (Bull. Acad. Sct. Cracow, 1910, 372) has isolated crystalline 
derivatives of pyridine having empirical formule py,HgBr,, pyHgBr,, py.(HgBr.)s, of 
m. p. 118°, 123°, and 134° respectively, and obtained some indication from solubility curves 
of the existence of the compounds pygHg(CN)s, pysHg(CN)», pyeHg(CN)s, pys{Hg(CN)o}s, 
and pyHg(CN).,, of which series, however, he isolated in the crystalline form only the 
third and the fifth member. Derivatives of piperidine of formule (C;H,,N),(HgCl,)s, 
(C5H,,N)(HgCl,)2, (C;H,,;N),HgCl,, and C;H,,N(HgCl,). have been described by various 
authors (Pesci, Z. anorg. Chem., 1897, 15, 231; Varet, Compt. rend., 1892, 115, 880; Ray 
and Dhar, J., 1913, 103, 6). A similar but more limited diversity in composition has been 
found in addition products of amines with cadmium halides, and of tertiary phosphines 
and arsines with both mercuric and cadmium halides. We have therefore investigated 
in considerable detail the composition and structure of the derivatives of the phosphines 
and arsines with mercuric and cadmium halides in order to clarify this subject; these 
compounds were chosen because they crystallise well, usually have sharp m. p.’s, and are 
freely soluble in many organic liquids. It was found essential to prepare a considerable 
number of homologous members of each series, in order both to study their comparative 
stability and to select suitable compounds for crystallographic investigation. The de- 
rivatives of cadmium, being the more limited in type, are discussed first; its halides form 
three distinct classes of non-ionic compound with tertiary phosphines and arsines : 

Class 1, [{RgP(As)},CdX,], dthalogenobisphosphine(or arsine)cadmium. These com- 
pounds are readily formed by shaking an aqueous or alcoholic solution of the cadmium 
halide with the theoretical quantity of the phosphine or arsine. They vary in stability, 
and some members readily discard half their phosphine or arsine content to afford the 
corresponding compound of Class 2. Although no detailed investigation has been made 
of the structure of these compounds, it is reasonably certain that the four groups are 
tetrahedrally arranged around the central cadmium atom (I):* there is considerable 
evidence for this tetrahedral configuration in the cadmium compounds of Class 2, and in 
other 4-covalent cadmium compounds, such as K,[Cd(CN),] (Dickinson, J. Amer. Chem. 
Soc., 1922, 44, 774) and [Cd(NH,),][ReO,] (Pitzer, Z. Krist., 1935, 92, 131), the tetrahedral 
arrangement of the cadmium complex has been proved by X-ray analysis. 

Class 2, [{R,P(As)},(CdX,)2], dihalogenobisphosphine(or arsine)-u-dihalogenodicadmium. 
These compounds are readily formed by the interaction of the former compounds with 
1 mol. of cadmium halide in hot alcoholic solution, and they are usually more stable than the 
parent compounds of Class 1. Their molecular formula has been proved by molecular- 
weight determinations in organic solvents. They bear an obvious resemblance to the 

* In this and following formule, valency bonds in normal type are to be regarded as lying in the 


plane of the paper, whilst those in heavy type project tetrahedrally above, and those in dotted type 
tetrahedrally below, this plane. 
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“ bridged ’’ dipalladium compounds previously described (Mann and Purdie, J., 1936, 
873; Mann and Wells, J., 1938, 702; Chatt and Mann, tbid., p. 1949; Chatt, Mann, and 
Wells, ibid., p. 2086; Chatt and Mann, J., 1939, 1622), where it was shown, for instance, 
that the compound [(Me,As),(PdBr,),] was actually dibromobis(trimethylarsine)-y-di- 
bromodipalladium having the trans-symmetric structure (II), in which the molecule 
(excluding the alkyl groups) is flat owing to the planar distribution of the 4-covalent pal- 
ladium complex. Three isomeric forms of any one of these imag cadmium compounds 


«| pea Br 
a, (I1.) 
Br’ ap, \AsMe, 


can theoretically exist; ¢.g.,  dibromobis(triethylphosphine)-u-dibromodicadmium, 
[(Et,P),(CdBr,),], could have the unsymmetric (III), the cts-symmetric (IV), or the trans- 
symmetric structure (V). All the can of this class had, however, a sharp m. p., 


0 an fl ) | 
cat ‘Cd 

= \Br7 S| ep a y a 
(11) (Iv 


were clearly homogeneous in the crystalline ant and must therefore occur in only one of 
these three isomeric forms. Crystallographic analysis of the compound [(Et,P),(CdBr,).] 
showed that the molecule possessed a centre of symmetry and must therefore have the 
trans-symmetric structure (V) ; moreover, only a tetrahedral arrangement of the four groups 
around each cadmium atom harmonised with the X-ray evidence. The compounds (II) 
and (V) are therefore closely similar in structure, each possessing a centre of symmetry ; 
they differ, however, in that each palladium complex in (II) is planar whilst each cadmium 
complex in (V) is tetrahedral. Further evidence that the cadmium compounds of this class 
have the tetrahedral ¢vans-symmetric structure is provided by the fact that the compound 
(V) is isomorphous not only with [(Pr*,P),(CdI,),] and [(Pr*,As),(CdI,),] but also with 
[(Pr*,As),(HglI,),], and mercuric compounds of this class are shown later by independent 
evidence to possess this structure. 

When the compound [(Et,P),(CdI,),] was treated in acetone solution with a«’-dipyridyl, 
triethylphosphine was liberated and di-tododipyridylcadmium, [dpyCdI,], was deposited. 
This reaction cannot be accepted as evidence for the structure of the dicadmium compound 
(cf. Chatt and Mann, loc. cit.). Morgan and Burstall (J., 1930, 2594) have suggested the use 
of the mercuric compound [dpyHgl,] for the gravimetric estimation of dipyridy] in solution. 
The cadmium derivative is, however, even less soluble in water and organic solvents; 
e.g., it is insoluble in boiling alcohol, from which the mercuric compound can be recrystal- 
lised. It is probable, therefore, that the cadmium compound could be used for the 
estimation of dipyridyl or of cadmium. 

Class 3, [{R,P(As)},(CdX,)q], tetrahalogenotrisphosphine(or arsine)dicadmium. Members 
of this class can be prepared in hot alcoholic solution by the interaction (a) of the corre- 
sponding member of Class 1 with the theoretical quantity of cadmium halide, or (3) of corre- 
sponding members of Classes 1 and 2 in the correct proportion, i.¢., 2 mols. and 1 mol. 
respectively, They are crystalline compounds of sharp m. p., and, although stable in the 
solid state, show considerable dissociation in organic solvents, from which however they 
crystallise again unchanged in composition. They are often more stable than the corre- 
sponding members of Class 2; ¢.g.,.the tributylphosphinecadmium bromide and iodide 
members of Class 2 could not be prepared, the corresponding members of Class 3 being 
always obtained instead. 

The ease with which members of this class can be prepared by utd (b) and their 
ready dissociation in solution suggested that discrete molecules of composition 
[(RgP),(CdX,),] might not exist even in the crystal, which might alternatively have a 
“molecular lattice” structure composed solely of [(R,P),CdX,] and [(R,P),(CdX,),] 
molecules, Strong evidence against this suggestion has been obtained by a crystallo- 
graphic investigation of the propyl and butyl bromo-compounds ; it would appear, therefore, 
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that these compounds represent an entirely new structural type of complex metallic com- 
pounds, and their complete X-ray analysis is now being made. It is possible that the 
molecule has the structure (VI),* in which one cadmium atom is 4-covalent and at the centre 
of a tetrahedron, and the other is 6-covalent and at the centre of an octahedron, the two 
complexes having a triangular face in common bridged by three halogen atoms. In this 
case the first cadmium atom acquires six electrons (as in compounds of Classes 1 and 2), 
whilst the second acquires ten electrons as in the compound (NH3),CdCl, (see p. 1216) : 
each bridged complex in (VI) would therefore be non-ionic and have a configuration 
normal to cadmium compounds. It should be noted that compounds of Class 3 are readily 
decomposed by dipyridyl with the precipitation of [dpyCdX,], in which respect they differ 
materially from the similar but more stable mercuric compounds of Class E. 


(VI) & caZBca“Br | He! Set 
: > Cd¢BroCd— Hg ' (VII.) 
\Br7 cB Et,As J AK, 


Tertiary phosphines and arsines form five classes of non-ionic compounds with mercuric 
halides. 

Class A, [{R,P(As)},HgX,], dihalogenobisphosphine(or arsine)mercury. Stable com- 
pounds of this class are formed by many triaryl-phosphines and -arsines, but not apparently 
by trialkyl-phosphines and -arsines. There is little doubt that they have the tetrahedral 
structure (as I), since this configuration has been established for the mercuric complexes 
in the following classes B and C. Moreover, the same configuration has been determined 
for other derivatives of 4-covalent mercury; e.g., Bijvoet, Claassen, and Karssen (Proc. 
K. Akad. Wetensch. Amsterdam, 1926, 29, 529) have shown that in crystalline red mercuric 
iodide, each mercuric atom is tetrahedrally surrounded by four iodine atoms, and Dickin- 
son (loc. cit.) has proved that K,{[Hg(CN),] has a tetrahedral complex ion. 

Class B, [{R,P(As)}.(HgX_)], dthalogenobisphosphine(or arsine)-u-dthalogenodimercury. 
Many compounds have been formulated in the literature as R,P(As),HgX,; ¢.g., 
Ph,As,HgCl, (La Coste and Michaelis, Annalen, 1880, 201, 241) and Et,As,HgCl, (Chal- 
lenger and Ellis, J., 1935, 396). It is clear that satisfactory constitutional formule 
cannot be allotted to compounds of this molecular formula, and that they must possess 
the double “ bridged ’’ formula indicated above, and thus be analogous to the members 
of Class 2 of the cadmium series. 

This is fully confirmed by the results of the present investigation. The dimercury 
compounds of Class B are formed by the interaction of the corresponding member of Class A 
with mercuric halide in alcoholic solution, or, if this fails, by the direct action of the free 
phosphine (or arsine) upon the mercuric halide dissolved either in alcohol or (in the case 
of the bromide or iodide) in an aqueous solution of the corresponding potassium halide. 
They are well-crystallised stable compounds, whose molecular weight in organic solvents 
fully confirms the “ double ” formula [{R,P(As)},(HgX,)_]. Three compounds of this class 
have been investigated crystallographically, viz., [(Et,As)>(Hgl,)o], [(Pr*,P).(HgBr,).], 
and [(Pr*,As).(HgI,).], and it is noteworthy that these three compounds are not iso- 
morphous, unlike the three dicadmium compounds of Class 2 studied. Strong crystallo- 
graphic evidence has been obtained that di-todobis(triethylarsine)-y-di-tododimercury, 

[(Et,As),(HglI,).], which possesses a centre of symmetry, has the bridged trans-symmetric 
structure (VII), and that the four groups are again arranged tetrahedrally round the 
mercuric atoms. 

A number of further points of interest have been discovered from the study of these 
dimercuric compounds. The compound [(Et,P),(HglI,),] occurs solely as colourless crystals ; 
but its n-propyl homologue occurs both as colourless («) and yellow (8) crystals, whereas 
its n-butyl and n-amyl homologues occur solely as yellow crystals closely similar to the 
8-form of the propyl compound. The «-crystals of the propyl compound are always 
obtained when either form is rapidly recrystallised from organic solvents; when they are 
kept in the mother-liquor or exposed to the air they pass slowly into the @-crystals, which 
in turn on heating are reconverted into the «-form just belowitsm.p. It is clear, therefore, 

* In this formula, no differentiation between the planes of the bonds has been attempted. 
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that there can be only a small difference in the stability of the two interconvertible propyl 
derivatives: the difference in stability in the homologous compounds is, however, 
apparently so great that only the white form of the ethyl compound and the yellow form of 
the butyl and the amyl compound can be isolated. The interpretation of these experimental 
facts is at present uncertain, but there are two possible explanations. The white and the 
yellow series of crystals may represent merely dimorphous forms, or the two propyl deriv- 
atives may be true isomerides, representing possibly the cis- and the ¢rans-symmetric forms 
respectively; the latter alternative is unlikely, as it would entail the existence of a series 
of comparatively stable cis-symmetric dimercury compounds, yet all the bridged dipal- 
ladium, dicadmium, and dimercury compounds whose structures have been determined 
crystallographically have the ¢vans-symmetric structure. The true explanation can be 
found only by a complete X-ray analysis of both forms of the propylphosphine compound, 
which is now being attempted. It is noteworthy that in the [(R,As),(HglI,).] compounds, 
this phenomenon does not occur, the ethyl and the n-propyl compound existing solely in the 
colourless, and the n-butyl compound solely in the yellow form. 

The triphenylarsine derivatives of the mercuric halides show an interesting gradation 
in stability. When mercuric chloride is boiled in alcoholic solution with even a large 
excess of the arsine, only the bridged compound of Class B, [(Ph,As)(HgCl,).], is formed. 
Mercuric bromide in these circumstances gives the unbridged compound of Class A, 
[(Ph,As),HgBr,]; this is stable in hot alcoholic solution, but on attempted recrystallisation 
from hot benzene gives the bridged derivative [(Ph,As),(HgBr,),], which in turn is stable 
in hot benzene but in hot alcohol again furnishes the unbridged compound. Mercuric 
iodide in the above circumstances readily gives the unbridged compound [(Ph,As),Hgl,] 
which even with an excess of mercuric iodide will not give the unknown bridged 
[(PhgAs)9(Hgl)9]. 

When [(Bu,P),(HglI,).] was treated with a«’-dipyridyl in acetone solution, di-iodo- 
dipyridylmercury, [dpyHglI,] (Morgan and Burstall, loc. cit.), was rapidly deposited. 
This instability to dipyridyl is in marked contrast to the great stability shown by members 
of Class E. 

Class C, [{R,P(As)}.(HgXq)3], btsphosphine(or arsine)trismercuric halide. These com- 
pounds were usually prepared by the interaction of the corresponding member of Class B 
with an excess of mercuric halide in hot alcoholic or acetone solution. They crystallise 
readily, and each member has a sharp m. p., no evidence of isomerism having been obtained. 
Crystallographic analysis shows, however, that two entirely distinct structures are present 
in this class. The compound [(Et,As),(HglI,)3] forms yellow orthorhombic crystals of which 
the space-group, and therefore almost certainly the constituent molecules, do not possess 
a centre of symmetry. It is x, that this compound has the bridged structure (VIII), 


I, _AsEt, 
Et,As Ei 4 Hk Pact, (VIII) 


in which the alternation of the two bridged rings round the tetrahedral mercuric atoms would 
not allow a centre of symmetry. The structure of this compound is now being more 
completely investigated. 

The colourless isomorphous monoclinic crystals of [(Pr*;As),(HgCl,),] and 
[(Bu*;As),(HgBr,),) have, however, an entirely different structyre; this was shown at 
once by the fact that they possess centres of symmetry, and a complete crystallographic 
analysis of the latter compound has consequently been made. It proves to be essentially 
a molecular compound of the bridged compound of Class B, {(Bu,As),(HgBr,),], and of 
mercuric bromide. Fig. 1A has been drawn to differentiate between the constituent atoms 
and to show the intervalency angles; Fig. 1B, drawn on the same scale, shows the inter- 
atomic distances and also the height of the various atoms above the plane of the paper. 
It will be seen that the mercury atoms Hg™ and Hg” are linked to the arsenic and bromine 
atoms As“, Br and As®, Br*™® respectively, and are also bridged through the bromine atoms 
Br and Br, the whole forming the bridged molecule aa, 
Each bridged mercury atom Hg*“ and Hg” is linked to four groups (¢.g., r™4 B 
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Br**) but considerable distortion of the normal tetrahedral arrangement now occurs, 
On both sides of this bridged molecule are mercuric bromide molecules, composed of the 
atoms Hg’, Br“, and Br™. Since this alternation of bridged and of HgBr, molecules con- 
tinues indefinitely in the crystal, it will be seen that there are centres of symmetry at each 
Hg! atom and also at the centre of each bridged ring, ¢.e., at the point X. 

Several points of considerable interest arise from this structure. The distance between 
a mercury and an unbridged bromine atom (2-25 A.) is constant both in the bridged mole- 
cule (e.g., Hg"*-Br™) and in the HgBr, units (¢.g., Hg'-Br'4). On the other hand, the 
Hg-Br distance in the bridged ring is considerably greater and is not uniform, having the 
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{(Bu,As),(HgBr,),]. Fig. 1a shows the intervalency and other angles. Fig. ls (on the same scale) 

shows the interatomic distances, and the height of individual atoms above the plane of the paper. Atoms 

of the same element bearing the same number are crystallographically equivalent and related by a centre of 
symmetry : they are distinguished from one another where necessary by the letters a and B. 


two values 2-6 a. (Hg*®—Br*) and 2-9 a. (Hg**-Br*®). These results are in striking contrast 
to those obtained in the dipalladium compound (II), where the Pd—Br link has a constant 
value of 2-45 a. no matter whether the bromine atom forms part of the bridged ring or not ; 
nevertheless, the intervalency angles within the ring at the metallic atom in the two 
compounds are nearly identical (Br**“~-Hg**-Br** = 87°; Br—Pd-Br = 86°). It is to be 
expected that this intervalency angle in the planar dipalladium molecule would closely 
approach 90°, but there is a notable difference between the corresponding intervalency angle 
in the dimercury molecule and the natural tetrahedral angle of 109°. It will be seen, 
however, that the mercury atom Hg? lies at a distance of 3-1 a. and 3-2 A. from the bridged 
and unbridged bromine atoms Br™ and Br®, and that the former distance is only slightly 
greater than the longer side of the bridged ring (Hg*“-Br*®, 2-9 a.). It is probable that, 
although no chemical links exist between the atom Hg! and the bridged and unbridged 
bromine atoms Br* and Br*, this mercury atom exerts a definite attraction on both these 
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atoms, and it is this attraction which distorts the tetrahedral configuration of Hg“ and Hg™, 
and is thus responsible for the extraordinarily high value (135°) for the valency angle 
Br**-Hg”-As® and the correspondingly low value for the ring angle Br**-Hg**-Br*® ; 
moreover, it is probably this attraction which lengthens the bridged ring and, by nearly 
equalising the distances Hg**-Br™, Br*®—Hg!, largely stabilises the whole structure, since 
the two molecules cannot be regarded as being absolutely independent. Incidentally, 
it follows for this structure that each Hg" atom is surrounded by a distorted octahedron 
of six bromine atoms, two being directly bound to the Hg! atom at 2-25 a., and the remaining 
four being contributed by neighbouring bridged molecules, two of these bromine atoms 
being at 3-1 a. and two at 3-2 a. This arrangement of halogen atoms around the Hg! 
atoms closely resembles that found in NH,HgCl, (Harmsen, Z. Krist., 1939, 100, 208), 
in which the mercuric atom is surrounded by a distorted octahedron of chlorine atoms, 
two at 2-34 a., and four at 2-96 A., and also that in mercuric bromide (Verweel and Bijvoet, 
Z. Krist., 1931, 77, 122), isomorphous with yellow mercuric iodide, where a similar arrange- 
ment of halogen atoms obtains, with two bromine atoms at 2-48 A., and four at 3-23 a. 
The Hg*-Br* and Hg?-Br® distances (2-25 a.) are, however, sensibly smaller than those 
found in mercuric bromide. 

Class D, [{RsP(As) }o(HgXq),], bisphosphine(or arsine)tetrakismercuric halide. Many 
references also occur in the literature to compounds formulated as R,As,2HgX,; ¢.g., 
Challenger, Higginbottom, and Ellis (J., 1933, 95) isolated compounds formulated as 
Me,As,2HgCl, and Me,EtAs,2HgCl,. Here again, it is very difficult to allot satisfactory 
constitutional formule on this molecular basis, and it is almost certain that the double 
formula [(R,As),(HgCl,),] is correct. Such compounds might have molecules of structure 
(IX), where the mercuric complexes are again tetrahedral, and the molecule in consequence 


os Jy, A Aly ASRs 
(IX.) Hg Heg PAE, HX 
RAs’ “cr Nc” Au 


possesses a centre of symmetry. Alternatively, they a! consist of a molecular lattice 
of bridged [(R3As),(HgCl,),] + 2HgCl, molecules somewhat similar in general type to the 
compounds of Class C shown in Fig. 1. The low solubility of these compounds in cold 
solvents prevents satisfactory molecular-weight determinations being carried out; in any 
case, both the above alternative structures might allow considerable dissociation in solution, 
and such determinations would probably not distinguish between the structures. 

The compounds [(Et,P),(HgBr,),] and [(Et,As),(HgCl,),] have been studied in some 
detail. The latter is readily formed when the bridged compound [(Et,As),(HgCl,)9] is 
dissolved in hot acetone; half the arsine is discarded, and the octachloro-compound 
separates with a molecule of acetone in monoclinic crystals of m. p. 112—114°. This 
solvated compound is surprisingly stable, and lost very little acetone even when heated 
at 80° for 20 hours at atmospheric pressure or for 3 hours at 20 mm. The mother-liquor 
on long standing deposits acetone-free monoclinic crystals of the pure octachloro-compound, 
m. p. 138°. A preliminary crystallographic examination of these compounds indicates 
that a fully bridged structure such as (IX) is unlikely, and their detailed structure is now 
under investigation. 

Class E, [{R,P(As)},(HgX._)_], tetrahalogenotrisphosphine(or arsine)dimercury. This 
class of compound is apparently strictly analogous to Class 3 of the cadmium compounds, 
but in the mercuric compounds only iodo-derivatives appeared to be formed. These were 
usually prepared by shaking a solution of mercuric iodide in aqueous potassium iodide with 
an excess of the free phosphine or arsine. They possess sharp m. p.’s, and although on 
boiling in alcoholic solution they are often converted into the corresponding member of 
Class B, they show a remarkable stability to aa’-dipyridyl; e¢.g., the compound 
[(Bu*,As),(Hgl,)q] in cold acetone solution was unaffected by dipyridyl even after 3. weeks, 
an inertness in striking contrast to the rapid decomposition of the Class B analogues in 
similar circumstances. 

It would be expected that zinc halides would form with phosphines and arsines similar 
compounds to those obtained with cadmium and mercuric halides, but we failed to detect 
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any such reaction in aqueous solution, although some reaction occurs in alcoholic solution. 
Burrows and Lench (J. Proc. Roy. Soc. N.S.W., 1936, 70, 63) have shown, however, that 
phenyldimethylarsine and diphenylmethylarsine give a number of derivatives of type 
[(R,As),ZnX,], where X = Cl or Br, which are clearly similar to the cadmium and mercuric 
compounds of Classes 1 and A respectively; moreover, the former arsine gives a com- 


pound formulated as Me,PhAs,ZnCl,, which is almost certainly a bridged compound 


[(Me,PhAs) )e(ZnCl,),] similar to the cadmium and mercuric compounds of Classes 2 and B. 

It is noteworthy, however, that an identity in chemical composition between the 
derivatives of these three metals does not necessarily entail an identity in constitution ; 
for instance, MacGillavry and Bijvoet (Z. Krist., 1936, 94, 231, 249), investigating the six 
compounds of composition [(NH;),.MX,], where M = Zn, Cd, or Hg, and X = Cl or Br, 
found that the zinc compounds consist of discrete molecules of formula [(NH,).ZnX,], 
having the four groups tetrahedrally arranged around the zinc atom, but that the cadmium 
compounds have an entirely different structure, consisting of chains of octahedra each 
having two ammonia radicals in the 1 : 6 position and four chlorine atoms in the square 
cross-section, neighbouring octahedra showing two chlorine atoms at an octahedral edge. 
It follows that the cadmium atoms are bridged through two chlorine atoms and have two 
ammonia radicals directly co-ordinated to them (X). The cadmium atoms in these com- 
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pounds will thus acquire in all 10 Pei by this linkage, in contrast to the cadmium 
atoms in Classes 1 and 2 and the mercury atoms in Classes A and B, which acquire through- 
out only 6 electrons by their method of linkage. The compounds of formula 
[(NH,),HgX,], in which X = Cl or Br, have yet another structure, one ammonia radical 
being at the centre of the cubic cell having 8 halogen atoms at its corners; since each cube 
has all its faces held in common with neighbouring cubes, each halogen atom is thus common 
to eight cubes. Further, each cube has one mercury atom in the centre of one face; 
the mercury atoms have, however, otherwise random distribution in the crystal, and so 
do not necessarily occupy the corresponding faces in neighbouring cubes. It is obviously 
difficult to give a precise chemical structure to such compounds. 


EXPERIMENTAL. 


CHEMICAL DATA. 


In view of the number of compounds isolated, the general name of each group is given, 
followed by details of the individual members prepared. In the following formule, R indicates 
an alkyl or aryl radical, and X a halogen atom. The names of the solvents used are given in 
parentheses immediately after the names of the compounds concerned or after their m. p.’s. 
All the derivatives of cadmium and mercury prepared in this investigation, unless otherwise 
stated, were colourless. 

Cadmium Compounds. 


Class 1 [{R,P(As)},CdX,], Dihalogenobisphosphine(or arsine)cadmium (as I).—Most of the 
members in the alkyl-phosphine and -arsine series were unstable, and the higher members 
(e.g., n-butyl) were oils at room temperature. The triarylphosphine members were stable, 
crystalline compounds. 

Phosphine compounds. Triethylphosphine (10 g., 2 mols.) and a solution of cadmium iodide 
(15 g., 1 mol.) in water (50 c.c.) were vigorously shaken together, and the crystalline precipitate 
was collected, drained, and thrice recrystallised (alcohol) ; the di-iodo-compound [(Et,P),CdI,} 
had m, p. 132—134° (Found: C, 23-7; H, 5-0; I, 42-2. C,,H;,I,P,Cd requires C, 23-9; H, 
5-0; I, 42-2%). The dibromo-compound was similarly obtained as crystals, m. p. 103—104°, 
too unstable for analysis. Tripropylphosphine gave with an aqueous solution of cadmium 


chloride only an unstable oil which did not apparently react with a further quantity of cadmium 
chloride. 
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Tripropylphosphine (2 mols.) and cadmium bromide (1 mol.) in aqueous solution similarly 
afforded the dibromo-compound [(Pr*,P),CdBr,]; crystallisation (alcohol) gave needles, m. p. 
75—77°, having an odour of free phosphine (Found : C, 35-9; H, 7-1; Br, 27-1. C,,H,,Br,P,Cd 
requires C, 36-5; H, 7:1; Br, 27-0%). The di-iodo-compound (alcohol) formed needles, m. p. 
72—73°, easily soluble in acetone and benzene (Found: C, 31-5; H, 6-4; M, cryoscopic in 
2-914% benzene solution, 754; in 5-511% solution, 862. C,,H,,I,P,Cd requires C, 31-5; 
H, 62%; M, 686). 

The compounds [(Bu*,P),CdBr,] and [(Bu*,P),CdI,] were obtained only as oils. 

Triphenylphosphine and an alcoholic solution of cadmium bromide afforded the dibromo- 
compound [(Ph,P),CdBr,]; this (benzene) had m. p. 225—226° (Found: C, 54:3; H, 4-0. 
C3,.H;,Br,P,Cd requires C, 54:25; H, 3-8%). Similarly prepared, the di-iodo-compound had 
m. p. 243° with preliminary softening, and was only slightly soluble in benzene, alcohol, and 
chloroform (Found : C, 48-7; H, 3-6. C,H, I,P,Cd requires C, 48-5; H, 3-4%). 

Arsine compounds. [(Et,As),CdBr,] was not apparently formed in either aqueous or alcoholic 
solution, only the bridged dicadmium compound (see below) being obtained. The action of 
free triethylarsine (2 mols.) on a cold aqueous solution of cadmium iodide (1 mol.) afforded 
the di-iodo-compound, which had m. p. 79—81° (alcohol) and smelt markedly of the free arsine 
(Found: C, 20-8; H, 4:7; I, 37-0. C,,H;,l,As,Cd requires C, 20-9; H, 4-4; I, 36-8%). 
Similarly prepared, the recrystallised n-propyl di-iodo-compound (alcohol) was collected in a 
chilled filter-funnel; it had m. p. 27—-29°, and on exposure to air slowly lost free arsine and 
formed the bridged dicadmium compound (see below) (Found: C, 27-1; H, 4:8. C,,H,,I,As,Cd 
requires C, 27-9; H, 5-3%). 

Class 2, [R,P(As)XCdX,CdXR,P(As)], Dihalogenobisphosphine(or arsine)-u-dihalogeno- 
dicadmium (as V).—In the alkylphosphine series, the chloro-derivatives are either not formed 
or exist only as oils; among the bromo- and iodo-derivatives, the methyl, ethyl, and »-propyl 
members are formed, but higher members apparently do not exist, since all attempts to prepare 
the n-butyl members gave solely the ‘‘ sesqui ’’-compounds of type [(Bu,P),(CdX,),] (see below). 
In the alkylarsine series, the chloro-derivatives again were not formed, but the ethyl and n-propyl 
members of the bromo- and iodo-derivatives were readily obtained. 

Phosphine compounds. Trimethylphosphine was prepared by thermal decomposition of its 
silver iodide compound, [Me,P,AgI], (Purdie’s method; J., 1938, 708), the phosphine being then 
passed directly into the cadmium halide solution. When an aqueous solution of cadmium 
bromide was thus treated with an excess of the phosphine, the tfetrabromo-compound 
{(Me,P),(CdBr,),] rapidly separated, m. p. 195—198° (alcohol) (Found: C, 10-75; H, 3-0. 
C,H,,Br,P,Cd, requires C, 10-3; H, 2-6%); it smells of free phosphine and decomposes slowly 
on standing and rapidly when heated with acetone. Similarly prepared, the tetyaiodo-compound, 
twice recrystallised (alcohol), had m. p. 174—176° (decomp.) (Found: C, 8-45; H, 1-8. 
C,H, ,1,P,Cd, requires C, 8-1; H, 2.0%) and was similarly unstable. It is noteworthy that in 
spite of the use of an excess of phosphine in these two preparations, the unbridged compounds, 
{(Me,P),CdX,], were not obtained. 

When an aqueous solution of cadmium bromide was shaken with 2 equivs. of triethyl- 
phosphine, the unstable unbridged compound, [(Et,P),CdBr,], was obtained. This was there- 
fore treated in boiling alcoholic solution with 1 equiv. of cadmium bromide, and the tetrabromo- 
compound (V) separated in fine needles, m. p. 163—164° (alcohol) (Found: C, 18-7; H, 3-7; 
Br, 41-0. C,,H;,Br,P,Cd, requires C, 18-45; H, 3-9; Br, 41-0%). This is only slightly soluble, 
but is quite stable, in boiling alcohol; it dissolves readily in warm acetone and benzene, but 
undergoes partial decomposition, giving a turbid solution. 

The analogous tetraiodo-compound was best prepared by the interaction of [(Et,P),CdI,] 
and 1 equiv. of cadmium iodide in cold alcoholic solution, m. p. 141° (alcohol) (Found: C, 
14:9; H, 3-2. C,,Hgl,P,Cd, requires C, 14-9; H, 3-1%). Experiments showed that in alcohol 
an equilibrium [(Et,P),(CdI,),] == [(Et,P),CdI,] + Cdl, exists, the equilibrium point lying 
to the left in cold, and to the right in hot, solution; on cooling a hot solution, fine needles 
of the unbridged compound always separated first, and were later entirely replaced by the 
prisms of the bridged form. 

When solutions of the tetraiodo-compound (0-48g. ; 2 mols.) and aa«’-dipyridyl (0-16 g. ; 1 mol.) 
in acetone (20 c.c. and 6 c.c.) were mixed, free triethylphosphine was liberated and a white 
precipitate of di-iododipyridylcadmium rapidly separated (Found: C, 23-0; H, 1-8. 
C,,H,N,I,Cd requires C, 23-0; H, 15%); this was collected, washed with alcohol and dried. 
It is insoluble in water, alcohol, acetone, and acetic acid and could not be recrystallised; on 
heating it decomposed at 350—360° with evolution of dipyridyl. The same compound was 





1218 Evans, Mann, Peiser, and Purdie: The Constitution of 


formed in theoretical yield when alcoholic solutions of cadmium iodide and dipyridyl (1 mol.) 
were mixed. 

When either [(Pr,P),CdBr,] or [(Pr,P),(CdBr,),] was treated with cadmium bromide (1 mol.) 
in boiling alcoholic solution, the tetrabromo-compound [(Pr*,P),(CdBr,),] was obtained; m. p. 
105—106° (alcohol) (Found: C, 25-0; H, 5-1. C,,H,,Br,P,Cd, requires C, 25-0; H, 4-9%). 
The analogous ¢etraiodo-compound, prepared from the unbridged compound and cadmium 
iodide, had m. p. 123—125° (alcohol) (Found: C, 20-5; H, 4-1. C,,H,,I,P,Cd,. requires 
C, 20-5; H, 40%). 

The n-butyl tetrabromo-compound could not be prepared. When the oily [(Bu,P),CdBr,] 
was boiled with cadmium bromide (1 mol.) in alcoholic solution, only the “ sesqui ’’-compound, 
[(Bu,P),(CdBr,),] (see below), was isolated, and this was unaffected by further boiling with 
cadmium bromide. Similar results were obtained with the iodo-compounds. 

Arsine compounds. When cadmium bromide in cold aqueous or warm alcoholic solution 
was treated even with an excess (2 mols.) of triethylarsine, the tetvabromo-compound 
[(Et,As),(CdBr,),] alone was precipitated, and when rapidly crystallised (alcohol) it had m. p. 
175—178° (decomp.) (Found: Br, 37-0. C,,H;9Br,As,Cd, requires Br, 36-8%) ; it decomposes 
when warmed with acetone, benzene, or chloroform. 

The tetraiodo-compound was too unstable to be prepared by the above method, but was 
obtained by keeping [(Et,As),CdI,] in a vacuum over sulphuric acid until loss of arsine ceased ; 
the residue had m. p. 80—81° (decomp.), but underwent partial decomposition on recrystallis- 
ation from alcohol (Found: I, 48-4. C,,H 5 l,As,Cd, requires I, 48-1%). 

The unbridged [(Pr*,As),CdI,] (1 mol.) and cadmium iodide (1 mol.) were boiled together in 
alcoholic solution, and on cooling the tetraiodo-compound [(Pr*,As),(CdI,),] separated in fine 
needles, m. p. 114—116-5° (Found: C, 19-2; H, 3-6; M, cryoscopic in 1-281% ethylene di- 
bromide solution, 1170. C,,H,,I,As,Cd, requires C, 18-9; H, 3-7%; M, 1140); this compound 
withstands long boiling in alcoholic solution without decomposition. 

Class 3, [(R,P)3;(CdX,).], Tetvahalogenotrisphosphinedicadmium.—In the alkylphosphine 
series, the n-butyl members of the bromo- and iodo-derivatives were readily prepared, and were 
formed to the exclusion of the corresponding bridged derivatives of Class 2. 

All attempts to prepare [(Et,P),(CdBr,),] by the union of [(Et,P),CdBr,] and cadmium 
bromide failed, but the n-propyl homologue was formed when [(Pr,;P),CdBr,] was boiled in alco- 
holic solution either with cadmium bromide (0-33 mol.) or with [(Pr,P),(CdBr,),] (0-5 mol.) 
for a few minutes; it separated in beautiful prisms, m. p. 126—128° (alcohol) (Found : C, 31-75; 
H, 6-0; Br, 31-2. C,,H,,Br,P,Cd, requires C, 31-6; H, 6-2; Br, 31-25%). 

The n-butyl compound [(Bu*,P),(CdBr,),] was formed when an alcoholic solution of tri- 
n-butylphosphine (1-5 mols.) and cadmium bromide (1 mol.) or of the oily [(Bu,P),CdBr,]} 
and cadmium bromide (1 mol.) was boiled for } hour; it had m. p. 93—94-5° (alcohol) (Found : 
C, 37-6; H, 7-0; Br, 27-8; M, cryoscopic in 0-941% benzene solution, 839; in 2-549% solution, 
918; in 3-550% solution, 930. C,,H,,Br,P,Cd, requires C, 37-5; H, 7-1; Br, 27-8%; M, 
1151). When solutions of this compound (0-51 g.) and dipyridyl (0-156 g., 1 mol.) in acetone 
(20 c.c. and 5 c.c.) were mixed, a white amorphous precipitate of dibromodipyridylcadmium, 
[dpyCdBr,], immediately separated; on heating, this compound softens between 350° and 400° 
and loses dipyridyl, but the residue does not melt below 400° (Found: C, 28-3; H, 2-05. 
C,9H,N,Br,Cd requires C, 28-0; H, 1-9%). 2 

The compound [(Bu*,P);(CdI,),] was prepared similarly, and had m. p. 100—101° (alcohol) 
(Found: C, 31-4; H, 6-1; Cd, 16-4; M, cryoscopic in 2-112% benzene solution, 975; in 
4-899% solution, 1050. C,,H,,1,P,;Cd, requires C, 32-3; H, 6-1; Cd, 16-83%; M, 1338). 
It was readily soluble in cold acetone and benzene. 


Mercury Compounds. 

Class A, [{RsP(As)},HeX,], Dihalogenobisphosphine(or arsine)mercury (as I).—Stable com- 
pounds of this type do not appear to be formed with aliphatic phosphines or arsines; many of the 
aryl derivatives are quite stable. 

Phosphine compounds. Solutions of triphenylphosphine (1-1 g., 2 mols.) and of mercuric 
chloride (0-5 g., 1 mol.) both in hot alcohol (50 c.c. and 25 c.c.) were rapidly mixed and allowed 
to cool. White crystals of the dichloro-compound [(Ph,P),HgCl,], m. p. 273° (followed by 
decomp.), separated (Found: C, 54-4; H, 4-0. C,,H;,Cl,P,Hg requires C, 54:3; H, 3-8%). 
Similarly prepared, the di-iodo-compound separates as pale cream-coloured crystals, m. p. 
ca. 250° (ethylene dibromide) (Found: C, 44-1; H, 3-15. CygH 9l,P,Hg requires C, 44-15; 
H, 3-1%). 
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Arsine compounds. The triphenyl dichloro-compound was not formed when an alcoholic 
solution of mercuric chloride and excess of the arsine was boiled, only the tetrachloro-compound 
(see below) separating on cooling; but when solutions of triphenylarsine (1-5 g., 2 mols.) and 
mercuric bromide (0-9 g., 1 mol.), each in hot alcohol (25 c.c.), were mixed, boiled for 4 hour, 
and cooled, the dibromo-compound [(Ph,As),HgBr,] separated as leaflets, m. p. 182—212° 
(Found: C, 43-9; H, 3-2. C, ,H;,Br,As,Hg requires C, 44-4; H, 3-1%). These could be 
recrystallised unchanged from alcohol, but dissociated in hot benzene, which deposited the tetra- 
bromo-compound (see below); the wide range of the m. p. indicates that similar dissociation 
occurs on heating. 

Similarly prepared, the di-iodo-compound formed crystals, m. p. 197° (benzene) (Found : 
C, 40-65; H, 3-0. C;,H;9l,As,Hg requires C, 40-5; H, 2-8%). The considerable stability of 
this compound, when heated alone or in benzene solution, is in marked contrast to that of the 
preceding dibromo-compound. 

Class B, [R,P(As)XHgX,HgXR,P(As)], Dihalogenobisphosphine(or arsine)-u-dihalogeno- 
dimercury.—This represents the best known and, in general, the most frequently occurring 
class of mercuric derivative. 

Phosphine compounds. A solution of triethylphosphine (1 g., 1 mol.) in a small quantity of 
alcohol was added to one of mercuric bromide (3-0 g., 1 mol.) in alcohol (25 c.c.); the rather 
sticky product which separated became crystalline when the mixture was boiled and cooled. 
The tetrabromo-compound [(Et,;P),(HgBr,),] after four rapid recrystallisations from alcohol 
separated as hairy needles, m. p. 106° (Found: C, 14:8; H, 3-2. C,,H,,Br,P,Hg, requires 
C, 15-0; H, 31%). Rapid recrystallisation is essential, since the hot alcoholic solution soon 
deposits mercurous bromide. 

Similarly prepared, the tetyaiodo-compound separated in crystals, m. p. 121—123° (acetone) 
(Found: C, 12-5; H, 2-8. C,,H59I,P,Hg, requires C, 12-6; H, 2-6%). Rapid recrystallisation 
was necessary for the purification of this compound : longer boiling of the solution caused loss 
of free phosphine and formation of [(Et,;P),(HglI,)3]. 

Similarly prepared by the action of an alcoholic solution of tri-n-propylphosphine (1 mol.) 
on mercuric bromide dissolved either in 4% aqueous potassium bromide solution or in alcohol, 
the tetvabromo-compound [(Pr*,P),(HgBr,),] has m. p. 133° (alcohol or benzene) (Found: C, 
20-95; H, 4:0; Br, 30-4; Hg, 39-0. C,,H,,Br,P,Hg, requires C, 20-8; H, 4:0; Br, 30-8; 
Hg, 385%). 

Tri-n-propylphosphine (4-0 g., 1 mol.) and a solution of excess mercuric iodide (22-7 g., 
2 mols.) in 10% aqueous potassium iodide solution (150 c.c.) were vigorously shaken together ; 
a pale yellow product separated as a sticky mass which subsequently solidified completely 
(ca. 16 g.), and recrystallisation from alcohol—acetone (4:1 by vol.) gave the a-form of the 
tetraiodo-compound as white blunt-ended needles, m.*p. 114—115°. The mother-liquor on 
standing deposited the 6-form as yellow crystals, which on heating turned white at 104—107° 
with conversion into the a-form, and then had m. p. 113—115°, either alone or when mixed 
with a sample of the a-form [Found, for the a-form: C, 17-6; H, 3-5; Hg, 32-2; M, cryoscopic 
in 2-643% benzene solution, 1260; in 5-139% solution (almost saturated), 1335; for the 8-form : 
C, 17-4; H, 3-4; M,.cryoscopic in 2-359% benzene solution, 1220; in 3-582% solution, 1120. 
C,,H,,1,P,Hg, requires C, 17-6; H, 3-4; Hg, 32-6%; M, 1229]. These compounds can also 
be prepared by the interaction of their generators in alcoholic or acetone solution. 

Crystals of the «-form when kept at room temperatures are slowly converted into the 8-form, 
becoming opaque and yellow. When the a-crystals are left in contact with the saturated organic 
mother-liquor at room temperature, they are ultimately entirely replaced by the yellow 
B-crystals. Quick recrystallisation of either form from alcohol gives solely the white a-form 
however. 

Prepared by the action of the free phosphine on alcoholic mercuric bromide solution, the 
tetrabromo-compound [(Bu*,P),(HgBr,),] separated as crystals, easily soluble in hot alcohol 
and benzene, m. p. 116° (alcohol) (Found: C, 25-5; H, 4:8; Hg, 35-6. C,,H,,Br,P,Hg, 
requires C, 25-6; H, 4-8; Hg, 35-65%). Similarly prepared in warm alcoholic solution, the 
tetyaiodo-compound [(Bu*,P),(HgI,),] was purified by adding alcohol to a cold concentrated 
acetone solution and chilling in ice-salt; the pale yellow crystals which separated had m. p. 
84—85° (Found: C, 21-8; H, 4-4; I, 38-9; Hg, 30-7. C,,H,,1,P,Hg, requires C, 21:9; H, 
4-1; I, 38-7; Hg, 30-55%). No indication of a colourless form was detected. Solutions 
of this compound (1-32 g., 1 mol.) and of dipyridyl (0-31 g., 2 mols.) in acetone (20 c.c. and 
10 c.c.) were mixed; crystals of di-iododipyridylmercury, [dpyHglI,], slowly separated, m. p. 
242—-244° (Found: C, 19-7; H, 1-5. Calc. for C,,H,N,I,Hg: C, 19-6; H, 1-3%). The same 
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compound was formed when mercuric iodide was treated in acetone solution with 1 or 2 mols. 
of dipyridyl. 

Prepared as for the butyl compound, the n-amyl tetraiodo-compound separated from alcohol 
as an oil which later solidified; slow recrystallisation from alcohol gave yellow crystals, 
m. p. 54—55° (Found: C, 25-9; H, 4-9; Hg, 26-5; M, ebullioscopic in 2-677% acetone solution, 
851; in 5-326% solution, 894; in 8-067% solution, 913. C39H,,l,P,Hg, requires C, 25-8; 
H, 4:8; Hg, 265%; M, 1397). 

A solution of triphenylphosphine (0-52 g., 1 mol.) in alcohol (25 c.c.) was added to one of 
mercuric chloride (0-54 g., 1 mol.) in hot alcohol (25 c.c.); glistening white scales of the ¢etra- 
chloro-compound [(Ph,P!,(HgCl,),] rapidly separated, and when collected and dried had m. p. 
306—309° (Found: C, 40:7; H, 2-95. C,,H3,Cl,P,Hg, requires C, 40-5; H, 2-8%). Michaelis 
and von Soden (Amnalen, 1885, 229, 298) apparently prepared this substance; they stated that 
it melts above 300°, but gave no analyses. 

The analogous tetvabromo-compound, similarly prepared, had m. p. 240—250° (decomp.) 
(chloroform) (Found: C, 34-95; H, 2-4. C3 ,H,,Br,P,Hg, requires C, 34-7; H, 2-4%). 

Arsine compounds. Triethylarsine (4-65 g.) was shaken with a solution of mercuric chloride 
(15-6 g., 2 mols.) in water (500 c.c.), and the flocculent precipitate of the tetrachloro-compound, 
[(Et,As),(HgCl,),], which separated was collected and dried (18 g.); very fine needles (alcohol), 
d ca. 3-2 (determined by flotation in ethylene dibromide), m. p. 162—163° (Found: C, 16-4; 
H, 3-6. Calc. for C,H; Cl,As,Hg,: C, 16-6; H, 3-4%). Challenger and Ellis (loc. cit.) give 
m. p. 162°. 

The corresponding ¢etraiodo-compound (VII) was produced when triethylarsine (4°8 g.) was 
added with shaking to a solution of mercuric iodide (27-0 g., 2 mols.) in 12% potassium iodide 
solution (150 c.c.). The yellow viscous oil which separated slowly solidified, and was purified 
by dissolution in warm acetone followed by dilution with alcohol. Large white prisms of the 
compound (VII) slowly separated, m. p. 87—88° (Found: C, 11-9; H, 2-55; I, 40-95; M, 
cryoscopic in 1-70% ethylene dibromide solution, 1260. C,,H3.l,As,Hg, requires C, 11-7; 
H, 2-4; I, 41-2%; M, 1233). The substance is unstable in presence of excess of solvent and 
readily passes over into [(Et,As),(HglI,)3]. 

Prepared in warm alcoholic solution, the ¢etrabromo-compound [(Pr*,As),(HgBr,),] had m. p. 
91—92° (alcohol) (Found; C, 18-9; H, 3-7; Hg, 36-1. C,,H,,BrsAs,Hg, requires C, 19-1; 
H, 3-75; Hg, 35-5%); it is very soluble in acetone and benzene, sparingly so in hot alcohol, 
acetic acid, and carbon tetrachloride. The corresponding tetraiodo-compound, prepared by the 
interaction of equimolecular quantities of the arsine and the iodide in warm alcoholic solution, 
had m. p. 107—108° (alcohol) (Found: C, 16-2; H, 3-1; As, 11-6; M, cryoscopic in 2-965% 
benzene solution, 1300. C,,H,,[,As,Hg, requires C, 16-4; H, 3-2; As, 114%; M, 1316); it 
forms beautiful long white needles similar to the «-form of the phosphine analogue. When 
the arsine was added to a solution of the iodide in aqueous potassium iodide solution, the com- 
pound [(Pr,As),(HglI,),] was always formed, but when this was boiled with much alcohol, it 
decomposed with the formation of the bisarsine derivative. 

Prepared in warm alcoholic solution, the tetvabromo-compound [(Bu*,;As),(HgBr,),] had 
m. p. 86—87° (alcohol) (Found: C, 240; H, 4-5; Br, 26-5. C,,H,;,Br,As,Hg, requires 
C, 23-8; H, 4-5; Br, 264%); it crystallised well from alcohol or ether. The corresponding 
tetvaiodo-compound was prepared by mixing equimolecular quantities of the sesqui-derivative 
[(Bu,As),(HglI,),] (see later) and mercuric iodide in warm alcoholic solution; the yellow oil 
which separated solidified on standing and then gave yellow crystals when crystallised from 
much alcohol; m. p. 55—56° (Found: C, 20-7; H, 4-2. C,,H,,1,As,Hg, requires C, 20-5; 
H, 3-9%). 

When solutions of mercuric chloride (0-66 g., 1 mol.) and triphenylarsine (1-5 g., 2 mols.), 
each in hot alcohol (15 c.c.), were mixed, the tetrachloro-compound rapidly separated as crystals, 
m. p. 251—253° with softening at 245° (alcohol) (Found: C, 37-8; H, 2-8. Calc. for 
C,,H,,Cl,As,Hg,: C, 37-4; H, 26%). The corresponding te/vabromo-compound, prepared by 
the direct union of equimolar proportions of its generators or by dissolving the unbridged 
{(Ph,As),HgBr,] in boiling benzene and cooling, had m. p. 219° (benzene) (Found: C, 32-8; 
H, 2-5. C3,H, .Br,As,Hg, requires C, 32-4; H, 2-25%). When this compound was boiled with 
2 equivs. of the arsine in benzene solution, it crystallised unchanged on cooling; in alcoholic 
solution, however, the unbridged dibromo-compound separated. 

The analogous iodide was not formed when [(Ph,As),HgI,] was boiled with a considerable 
excess of mercuric iodide in alcoholic solution. 

Class C, [{R3P(As)},(HgX_)3], Bisphosphine(or arsine)irismercuric Halides—Compounds of 
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this class were usually prepared by the interaction of the bridged compound of Class B and 
mercuric halide in an organic solvent. 

Phosphine compounds. When hot solutions of the cadmium derivative [(Et,P),(CdBr,),] 
(1-10 g., 1 mol.) and of mercuric bromide (2-1 g., 3 mols.) in alcohol (40 c.c. and 20 c.c.) were 
mixed, the hexabromo-compound [(Et,;P),(HgBr,);] separated as a powder, which crystallised 
when the solution was boiled; m. p. 130° (alcohol or acetone) (Found: C, 10-9; H, 2-3. 
C,,H,,Br,.P,Hg,; requires C, 10-9; H, 2-25%). The hexaiodo-compound, prepared by the action 
of the phosphine (2 mols.) on a cold alcoholic solution of mercuric iodide (3 mols.), formed yellow 
tablets (acetone), m. p. 109—110° (Found: C, 9-0; H, 1-95; I, 47-9. C,,H;,I,.P,Hg, requires 
C, 9-0; H, 1-9; I, 47-8%). “This compound, which is almost insoluble in alcohol, is also formed 
when an alcoholic solution of [(Et,P),(HglI,),] is boiled for some time. 

When hot alcoholic solutions of [(Pr;P),PdCl,] (1 mol.) and mercuric chloride (3 mols.) were 
mixed, crystals of the compound [(Pr*,P),(HgCl,),] separated at first, but were later contaminated 
with orange crystals of [(Pr,P),(PdCl,),]. These were separated by fractional crystallisation 
from alcohol, and the hexachloro-compound then further crystallised from benzene; m. p. 
113—114° (Found: C, 19-3; H, 3-9. C,,H,,Cl,P,Hg, requires C, 19-1; H, 3-7%). The tetra- 
chloropalladium compound had m. p. 187°, alone and when mixed with an authentic sample, 
and the reaction is therefore 2[(R,P),PdCl,] + 3HgCl, = [(R;P),(HgCl,);] + [(R;,P),(PdCl,),). 

When solutions of tri-n-butylphosphine (1-5 g.) and mercuric chloride (4-03 g., 2 mols.) 
in alcohol (50 c.c. and 200 c.c. respectively) were mixed, a small quantity of mercurous chloride 
first separated (Found: Cl, 15-0. Calc. for Hg,Cl,: Cl, 15-0%), followed by large crystals of 
the butyl hexachloro-compound; these, after careful crystallisation from alcohol, had m. p. 
72—74° (Found: C, 23-7; H, 4-4; Cl, 17-7. C,,H,,Cl,P,Hg, requires C, 23-7; H, 4-4; Cl, 
17-56%). This compound, when heated above its m. p., or when vigorously boiled with alcohol, 
gives a white turbidity of mercurous chloride. 

Arsine compounds. When solutions of [(Et,;As),(HglI,),] (1-23 g., 1 mol.) and mercuric 
iodide (0-45 g., 1 mol.) in acetone (20 c.c. and 30 c.c.) were mixed, a yellow colour rapidly 
developed. The mixture, when boiled for 1 min. and cooled, deposited the compound 
[(Et,As),(HgI,),] (VIII) as yellow crystals, m. p. 114—115° (acetone) (Found: C, 8-7; H, 1-9; 
I, 45-4. C,,H;9l,As,Hg, requires C, 8-5; H, 1-8; I, 45-1%). The tetraiodo-compound, when 
boiled with much alcohol, loses free arsine and gives this compound. 

Prepared by the interaction of the arsine (1 mol.) and excess mercuric chloride (3 mols.) 
in aqueous solution, the hexachloro-compound [(Pr*,As),(HgCl,);] has m. p. 105° (alcohol) 
(Found: C, 17-9; H, 3-5. C,sH,,Cl,As,Hg, requires C, 17-7; H, 3-5%). The corresponding 
bromide and iodide could not be prepared, only the tetrahalogen compounds of Class B being 
obtained. 

The hexabromo-compound [(Bu*,As),(HgBr,),], prepared by the interaction of warm alcoholic 
solutions of [(Bu,As),(HgBr,),] (1 mol.) and mercuric bromide (2 mols.), had m. p. 62—64° 
(alcohol) (Found: C, 18-5; H, 3-4. C,,H,;,Br,As,Hg, requires C, 18-3; H, 35%). Even 
when a large excess of mercuric bromide was used, the same product was obtained. 

The butyl hexaiodo-compound crystallised from the alcoholic mother-liquor obtained from the 
interaction of the arsine (1 mol.) and mercuric iodide (1 mol.); it was also prepared by the 
interaction of the sesqui-compound, [(Bu,As),(HglI,),1, and mercuric iodide (4 mols.) in warm 
alcoholic solution. It separated as bright yellow crystals when an acetone solution was diluted 
with alcohol and set aside; m. p. 63—65° (Found: C, 15-4; H, 2-9; Hg, 32-8. C,,H,,I,As,Hg, 
requires C, 15-5; H, 2-9; Hg, 32-4%); it slowly decomposes with liberation of mercuric iodide 
on long standing, or more rapidly in benzene solution at room temperature. 

Class D, [({R,P(As)},(HgX,),], Bisphosphine(or arsine)tetrakismercuric Halides.—lodo- 
compounds of this class do not appear to be formed. 

Phosphine compounds. The bistriethylphosphine octachloro-compound was obtained indirectly 
by the interaction of solutions of the dichloropalladium compound [(Et,P),PdCl,] (0-41 g., 
1 mol.) and of mercuric chloride (0-27 g., 1 mol.) in warm alcohol (15 c.c. and 10 c.c.); it 
separated as crystals after a few minutes; m. p. 163—164° (alcohol) (Found: C, 10-8; H, 
2-35. C,H ,,Cl,P,Hg, requires C, 10-9; H, 23%). From the mother-liquor, the tetrachloro- 
palladium compound, [(Et,P),(PdCl,),], m. p. 230°, and unchanged [(Et,P),PdCl,] were isolated ; 
the reaction is therefore 2{((Et,P),PdCl,] + 4HgCl, = [(Et,P),(PdCl,),] + [{(Et,P),(HgCl,),). 

The corresponding octabromo-compound was obtained from the alcoholic mother-liquors 
from the preparation of [{(Et,P),(HgBr,),] as large prisms, m. p. 149—151° (Found: C, 8-85; 
H, 2-05. C,,H;,Br,P,Hg, requires C, 8-6; H, 1-8%). 

Arsine compounds. When the compound [(Et,As),(HgCl,),] was dissolved in hot acetone, 
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it lost half the arsine, and the solution on cooling deposited large blunt-ended needles of the 
acetone-addition product of the octachloro-compound; these had d < 3-2 (flotation in ethylene 
dibromide), and m. p. 112—114° to a turbid liquid (Found: C, 12-45; H, 2-7; Cl, 18-3. 
C,,H;,Cl,As,Hg,,COMe, requires C, 12-3; H, 2-5; Cl, 18-6%). The acetone is very tenaciously 
held by these crystals: the loss in weight after 20 hours’ heating at 80° was 0-50% (Calc. for 
1COMe,: 4:12%). The acetone mother-liquors on long standing gave large prisms of the 
acetone-free octachloro-compound; these had d > 3-2 and m. p. 138° to a turbid liquid (Found : 
C, 10-2; H, 2-15. C,,H,,Cl,As,Hg, requires C, 10-6; H, 2-1%). When these crystals were 
dissolved in hot acetone, the solution on cooling deposited the above acetone addition product ; 
when, however, they were boiled with alcohol, they decrepitated to a powder and then gave a 
clear solution, which on cooling gave [(Et,As),(HgCl,),], half the mercuric chloride having been 
lost. 

Class E, [{(RsP(As) }s(HgX4)s], Tetrahalogenotrisphosphine(or arsine)dimercury.—Only iodo- 
compounds of this series appeared to be formed. They were usually obtained by the action of 
excess of phosphine or arsine on a solution of mercuric iodide in aqueous potassium iodide. 

Phosphine compounds. The propyl iodo-compound was prepared indirectly, [Pr,P,AgI], 
(Mann, Purdie, and Wells, J., 1936, 1507) being used as a source of additional phosphine. When 
the compound [(Pr,P),(HglI,),] (1 mol.) and the silver compound (1 mol.) were mixed in warm 
acetone solution, silver iodide was immediately precipitated, and evaporation of the filtrate 
gave the trisphosphine compound, m. p. 124—125° (alcohol) (Found: C, 23-2; H, 4-5; Hg, 
28-7. Cg7H,31,P;Hg, requires C, 23-3; H, 4-6; Hg, 289%). The n-butyl analogue, prepared 
by the action of tri-n-butylphosphine on mercuric iodide dissolved in aqueous potassium iodide, 
separated as prisms, m. p. 102° (alcohol) (Found: C, 29-6; H, 5-6. C;,H,,1,P,;Hg, requires 
C, 29-2; H, 5-5%). On repeated crystallisation or prolonged boiling it dissociates, giving 
[(Bu,P),(FgI,),]. 

Arsine compounds. The wristriethylarsine tetraiodo-compound was obtained by shaking 
triethylarsine (2-5 g., 1-5 mols.) with mercuric iodide (4-5 g., 1 mol.) dissolved in a solution of 
potassium iodide (10 g.) in water (50 c.c.) at ca. 10°. The white precipitate was purified by 
diluting a warm alcoholic solution with acetone, and separated in long needles, m. p. 58—70°, 
free arsine being apparently liberated during fusion (Found: C, 15-7; H, 3-3. C,,H,;I,As,Hg, 
requires C, 15-5; H, 3-2%). 

The n-propyl homologue was obtained as pale yellow (almost white) leaflets, m. p. 84—85-5°, 
when (i) a solution of mercuric iodide in aqueous potassium iodide was shaken with an excess of 
tri-n-propylarsine, and the product recrystallised from alcohol containing free arsine to suppress 
dissociation; or when (ii) a warm alcoholic solution of [(Pr,As),(HglI,),] was treated with free 
arsine and allowed to cool (Found: C, 21-2; H, 4:3; As, 14-7. C,,H,,1,As,Hg, requires 
C, 21-8; H, 4:2; As, 14-4%). When boiled with alcohol it readily dissociates to regenerate 
((PrsAs)(Hgl,).]. 

When tri-n-butylarsine (4-9 g., 1 mol.) was shaken with a solution of mercuric iodide (9-1 g., 
1 mol.) in cold aqueous 5% potassium iodide solution (200 c.c.), the sticky deposit which initially 
formed slowly solidified. Crystallisation from alcohol or cyclohexane gave the n-butyl compound 
[{(Bu,As),(HglI,),] in small plates or massive crystals, according to the speed of crystallisation ; 
m. p. 74—75° (Found: C, 26-4; H, 4:9; Hg, 24-8; M, cryoscopic in 2-565% benzene solution, 
1100; in 1-268% ethylene bromide solution, 1070. C,,H,,I,As,;Hg, requires C, 26-2; H, 4-95; 
Hg, 24.4%; M, 1646). The alcoholic mother-liquor from the above crystallisations on stand- 
ing slowly deposited yellow crystals of the tetraiodo-compound, [(Bu,As),(HgI,),]. 

Solutions of this compound (0-823 g., 1 mol.) and of dipyridyl (0-078 g., 0-5 mol.) in acetone 
(10 c.c, and 5 c.c.) were mixed and set aside for six weeks; no apparent action had then occurred, 
and the unchanged mercury compound was recovered in high yield. 

All attempts to prepare the bromo-compound [(Bu,As),(HgBr,),] by mixing correct 
proportions of the components in alcoholic solution gave the tetrabromo-compound, 
[(Bu;As) ,(HgBr,),]. 

Analytical —Halogen. In the above complex cadmium and mercury compounds halogen 
was estimated by dissolving the compound (0-2—0-3 g.) in pure acetone (10 c.c.), adding an 
approximately 50% excess of 1% aqueous silver nitrate solution, and then boiling the mixture 
gently with 5% aqueous nitric acid (200 c.c.) until the silver halide had coagulated and the 
supernatant liquid was clear. The silver halide was collected and weighed as usual. 

Cadmium. A mixture of the complex compound with excess fuming nitric acid was gently 
boiled for a few minutes, then diluted and cooled, and the cadmium estimated as the double 
salt with phenyltrimethylammonium iodide, 





nm wks UR UMUC 


a ce ti ee ae ne oe . A ia, 


[1940] Complex Metallic Salts. Part XI. 1223 


Mercury (except in the presence of chlorine). A mixture of the compound (0:-4—0-7 g.), 
fuming nitric acid (5 c.c.), and concentrated sulphuric acid (10 c.c.) was gently warmed until 
solution was complete. After cooling, water (100 c.c.) was added, and the solution evaporated 
on a hot plate until white fumes of sulphur trioxide were evolved; the nitric acid was thus 
removed first, and then at ca. 200° the mercuric iodate decomposed with evolution of iodine. 
The evaporation was repeated after a further addition of water, the residue diluted with water 
(200 c.c.), and the mercury estimated by titration with standard potassium thiocyanate solution. 

Arsenic. The compound was decomposed as in the estimation of cadmium, and the arsenic 
reduced as usual with sulphur dioxide and finally estimated volumetrically with standard 
iodine solution. 


CRYSTALLOGRAPHIC DATA. 


Cadmium Compounds.—Class 2. The following compounds have been investigated by 
crystallographic, optical, and X-ray examinations: [(Et,P),(CdBr,),], [(Pr*,P),(CdI,),], and 
[(Pr*,As),(CdI,),]. The morphological results are summarised in Table I. The three com- 
pounds are monoclinic and are clearly isomorphous. They must therefore have very similar 
structures, and a detailed X-ray examination was consequently confined to [(Et,P),(CdBr,),] 
(V), which was most suitable for this purpose. This occurs in colourless crystals of very simple 


TABLE I. 
Crystallographic constants by goniometric 
Compound. measurements. Cell dimensions, A. 
((Et,P),(CdBr,),.] @:b:¢ =[1-39]:1: ?; B = 130° a = 17-5, b = 12-2,c = 7-4; 
whence a:b: ¢c = 1-43:1:0-61 
[(PrsP),(CdI,).] a:b:c¢ = 1-421: 1:0-631; B = 132° 42’ Not investigated 
[(Pr,As),(CdI,)] a@:b:c = 1-42:1: [0-6]; B = 131° a = 18-8, b = 13-2, c = 8-6; 
whence a:b: c¢c = 1-42: 1: 0-65 


prismatic habit. Only the forms {110} and {001} were ever observed, so that only the axial 
ratio a : b and the angle 8 could be determined goniometrically. These constants, as well as the 
cell dimensions determined by X-rays, confirmed isomorphism with the following two compounds. 
An optical examination showed a large optic axial angle with the optic axial plane very nearly 
parallel to {001}. The acute bisectrix is [0T0]. The crystals are optically negative and y— 
for sodium light is about 0-01. The crystals show no appreciable cleavage and form irregularly 
shaped fragments when broken. 

The cell dimensions were determined from oscillation photographs about the three axes, 
and Weissenberg photographs about the [010] and [001] axes. For the Weissenberg photographs 
the crystals were selected as nearly cylindrical as possible about the axis of rotation. The 
density was found to be less than that of bromoform (2-85 g./c.c.), whence the number of mole- 
cules of composition [(Et,P),(CdBr,),] per unit cell is < 2-7 and must therefore be 2. The 
calculated density is then 2-13 g./c.c. The photographs showed only the following absent 
reflections: (401) when h is odd; (0k0) when k is odd. The space-group is therefore P2,/a, 
and the crystals belong to the holohedral class 2/m of the monoclinic system. The number 
of equivalent general positions in this space-group is 4, and since there are only 2 molecules in 
the unit cell they must occupy special positions. The only special positions are centres of 
symmetry, and we may therefore conclude that the molecules themselves must be centro- 
symmetrical and possess the trans-symmetric structure (V) and not the structure (III) or (IV). 
The detailed form of the molecule may be assumed to be based on an arrangement of the four 
cadmium valency bonds, which is either planar (as in the analogous dipalladium compounds) 
or tetrahedral. The former of these arrangements, which is intrinsically most unlikely in 
the case of cadmium, is not compatible with the optical properties, for in the monoclinic system 
a molecule containing a planar arrangement of atoms of such high refractivity as bromine 
would necessarily show a large birefringence whatever the orientation of the molecules. 

More direct evidence for a tetrahedral configuration of bonds round the two cadmium atoms 
is provided by the preliminary stages of the detailed structure analysis. Patterson F* projec- 
tions were made on planes perpendicular to [010] and [001] from intensities visually estimated 
on the Weissenberg photographs. These projections showed conspicuous peaks which enabled 
approximate cadmium positions to be determined, and on the basis of these positions an elegant 
structure suggests itself in which the cadmium atoms are tetrahedrally co-ordinated and the 
molecule centred about the point (0, 0, 0) is so disposed that its alkyl groups are directed towards 
the molecules at + ($, 3, 1). Such an arrangement is in conformity with the observed changes 

4m 





Sse reer nea en eee eenaetereneeeeeee tte teens ee 
~ ——————e 


1224 Evans, Mann, Petser, and Purdie: The Constitution of 


in cell dimensions as between the ethyl and the propyl compound, and also explains the general 
features of the F* syntheses; the detailed features of this structure are now being established. 

[(Pr,P),(CdI,),] was available in small colourless crystals of simple prismatic habit. The 
faces were very well developed and enabled accurate goniometric measurements to be made. 
The crystallographic constants (Table I) establish isomorphism with the following compound 
and no X-ray observations were made. 

[(Pr,As),(CdI,),] crystallises in small colourless prisms elongated along [001], the forms 
{110}, {010}, {111}, and {101} being commonly developed. Goniometric measurements estab- 
lished monoclinic symmetry, but few faces were perfect enough to give measurements leading to 
accurate axial ratios. Cell dimensions (Table I) were determined from oscillations photographs 
about the three crystallographic axes. A rough measurement gave the density as 2-3 g./c.c., 
whence the number of molecules of composition [(Pr,As),(CdI,),] in the unit cell is 2, and the 
calculated density is 2-35 g./c.c. 

Class 3. Two compounds of this type were investigated, viz., [(Pr*,P),(CdBr,),] and 
[(Bu*,P),(CdBr,),]. Both substances were found to be orthorhombic, and the results of the 
crystallographic investigation, together with the cell dimensions, are summarised in Table II. 


TABLE II. 
Crystallographic constants by 
Compound. goniometric measurements. Cell dimensions, a. 
[(Pr,P);(CdBr,)4] a:b:c = 0-84:1:1-13 a = 14-0, b = 16-3, c = 18-7; 
whence a4:6:c¢c = 0-86:1: 1-14 
[(Bu,P);(CdBr,).] a:b:c¢ = 0-790: 1: 1-126 a = 14-1, b = 18-0, c = 20-5; 


whence a:6:¢ = 0-78: 1: 1-14 


The similarity in the crystallographic constants and cell dimensions suggests a close similarity 
in the structures of the two compounds, and this is supported by the similarity in the optical 
properties, described below, and especially by the strikingly perfect cleavage parallel to {001} 
shown by both substances. 

[(Pr*,P),(CdBr,),] occurs as colourless crystals of extremely simple habit, square plates 
showing {100}, {010}, and {001} and flattened parallel to {010} being common. Small {110} 
and {011} faces on some crystals enabled the axial ratios to be determined goniometrically, 
but the quality of these faces was poor and the values correspondingly not very accurate. 
Optical examination showed the crystals to be optically positive with very low double refraction. 
The optic axial plane is parallel to {100} and the acute bisectrix to [010]. The optic axial angle 
is very large and shows very marked dispersion. When tested in liquid air the crystals showed 
no signs of pyroelectricity and therefore probably do not belong to the class mm of the 
orthorhombic system. 

Cell dimensions (Table II) were determined from oscillation photographs about the three 
crystallographic axes. The approximate density determined by flotation was 1-53 g./c.c., 
whence the number of molecules of composition [(Pr,P),(CdBr,),] in the unit cell is 4, and the 
calculated density is 1-59 g./c.c. The oscillation photographs showed no absent reflections of 
the general type and the lattice is therefore primitive. 

[(Bu*,P),(CdBr,),] usually crystallised as colourless prisms showing the forms {110} and 
{001}, but occasionally crystals much richer in forms were observed and these enabled fairly 
accurate goniometric measurements of the axial ratios to be made. As with the preceding 
compound, the crystals were optically positive with very low double refraction, had a large 
optic axial angle, and showed marked dispersion. The acute bisectrix is again parallel to 
[010], but the optic axial plane is parallel to {001} instead of to {100} as in [(Pr,P),(CdBr,),]. 
In crystals of such low double refraction, however, such a change in the orientation of the optic 
axial plane could arise from trivial changes in the refractive indices and does not suggest any 
marked structural difference between the two compounds. On the other hand, it is not possible 
to make any positive deductions about the structure from these optical properties. 

Cell dimensions (Table II) were determined from oscillation and Weissenberg photographs 
about the three axes. A rough determination of the density gave 1-36 g./c.c., whence the number 
of molecules of composition [(Bu,P),(CdBr,),] in the unit cell is 4, and the calculated density is 
1-46 g./c.c. The photographs showed only the following absent reflections: (400), (020), and 
(001) when h,k, and/areodd. The space-group is therefore necessarily P 2, 2, 2,,and the crystals 
belong to the bisphenoidal class 222 of the orthorhombic system. In this space-group the 
number of equivalent general positions in the unit cell is 4 and there are no special positions, 
The four molecules in the unit cell must therefore occupy general positions, so that the molecule 
does not necessarily possess any intrinsic symmetry and it is not possible to make any deductions 
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concerning its configuration from the space-group alone. One conclusion which can, however, 
be drawn from the crystallographic evidence is that the compound [(Bu,P),(CdBr,),] cannot be 
regarded as an intimate lattice compound composed of molecules of the unbridged compound 
[(Bu,P),CdBr,] and of [(Bu,P),(CdBr,),], as its method of preparation might suggest. If 
this were the case the four molecules of [(Bu,P),(CdBr,),] in the unit cell would correspond to 
4{(Bu,P),CdBr,] + 2[(Bu,P),(CdBr,),]. As is explained above, however, all equivalent 
positions in the space-group P 2, 2, 2, are necessarily fourfold, and the presence of only two 
molecules of [(Bu,P),(CdBr,),] in the unit cell is therefore an impossibility. A comparison of 
the cell dimensions of the propyl and the butyl compound shows that the a axis is almost 
unaltered, but that thed and c axes increase by roughly the same amount when the propyl group 
is replaced by the butyl group. These observations suggest that the lengths of the alkyl 
groups are roughly parallel to the plane {100} and equally inclined to the [010] and [001) axes. 
A detailed structure analysis of these two compounds has not, however, yet been carried out. 
Mercury Compounds.—Class B. Three compounds of this type have been investigated, 
viz., [(EtgAs),(Hgl,)2], [(Pr*;P).(HgBr,).], and [(Pr*,As),(HgI,),]. The results of the morpho- 
logical and X-ray investigations showed the crystals all to be monoclinic with the crystallographic 
constants and cell dimensions summarised in Table III. These data show that, in contrast to 
the similar group of cadmium compounds (Class 2), the three mercury compounds are morpho- 


TABLE III. 
Crystallographic constants by gonio- 
Compound. metric measurements. Cell dimensions, a. 
[(Et,As),(HglI,)3] a:b:¢ = 1-50: 1: [0-77]; B = 94° 58’ a = 15:3, b = 10-3, c = 8-0; 
whence a@:6:¢ = 1-49: 1:0-775 
[(Pr,P),(HgBr,),] @:b:¢ = 1-93:1:?; B = 116° 10’ @ = 16-75, b = 8-75, c = 11-7; 
whence a:b:¢c = 1-91: 1: 1-34 
[(Pr,As),(HglI3)2] a:b:¢ = 1-47: 1: 0-67; B = 132° I’ a = 19-1, b = 13-3, ¢ = 8-6[5); 


whence a:b: c = 1-43[5]: 1 4.65 


logically distinct. On the other hand, [(Pr,As),(HgI,),] and [(Pr,As),(CdI,),] have very nearly 
identical cell dimensions and are clearly isomorphous, a relationship further emphasised by the 
striking similarity in habit. On the basis of the close chemical resemblance of cadmium and 
mercury and their closely similar atomic radii such isomorphism is to be anticipated. It 
is, however, noteworthy that within the limited number of mercury compounds of Class B 
studied, a greater variety in structures exists than in the similar group of cadmium compounds 
(Class 2), where all three substances are isomorphous. 

[(Et,As),(HglI,).] (VII) forms excellent pale yellow crystals. The following forms occur 
on almost every crystal : {100}, {001}, {110}, {201}, and {111}. The habit varies considerably, 
but crystals elongated along [001] or flattened parallel to (110) are common. The density was 
found to be approximately 3-1 g./c.c., whence there are two molecules per unit cell, corre- 
sponding to a calculated density of 3-25 g./c.c. There were no absent reflections of the general 
type in oscillation photographs, and Weissenberg and oscillation photographs showed (0k0) 
reflections for k even only, and (h0/) reflections for h even only. The space-group is thus P2,/a. 
In this space-group there are four equivalent general positions and the only special positions 
are centresofsymmetry. It follows that the molecules must be at centres of symmetry and from 
the space-group alone it can be at once concluded that the molecule itself must be centro- 
symmetrical. 

Weissenberg photographs were taken about [010] and [001]. Some considerable care was 
taken to cut and roll the specimens used for this purpose into small cylinders whose axes were 
parallel to the crystallographic axes along which the photographs were taken. From the 
intensities of reflections of the Weissenberg photograph about [001] the Patterson synthesis 
shown in Fig. 2 was derived. On the assumption that matter is present only at the approximate 
co-ordinates + (35°, 0°, —) and + (55°, 90°, —) relative to a centre of symmetry, all atomic 
distances within one molecule and between neighbouring molecules can be seen to be repre- 
sented by sharp peaks, and no other conspicuous peaks exist to suggest matter at different 
co-ordinates. 

It is clear that the mercury atoms cannot have the co-ordinates + (55°, 90°, —) because, 
even if they were lying exactly in the plane c = 0, such an arrangement would correspond to 
a Hg—Hg distance of about 5 a., a distance quite inconceivable on the basis of any reasonable 
chemical molecule. Thus the mercury co-ordinates must be approximately + (35°, 0°, —) 
with the iodine and arsenic atoms either at the same co-ordinates or at + (55°, 90°, —). The 
only explanation of these facts would be a tetrahedral co-ordination of iodine and arsenic 
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atoms round each mercury atom, with the bridging iodine atoms vertically above or below the 
mercury atoms, and the terminal iodine and arsenic atoms at (55°, 90°, —) and (55°, — 90°, —). 
In the resulting crystal structure the mercury atoms are roughly octahedrally surrounded by 
iodine atoms, and the terminal alkyl groups envelop neighbouring molecules. Exact interatomic 
distances have not yet been determined. 

[(Pr*,;P).(HgBr,),] forms fine crystals of very simple habit elongated along [001] and showing 
only the forms {110} and {001}. Its density is less than that of bromoform (2-85 g./c.c.), whence 
the number of molecules per unit cell is less than 2-5, and therefore must be 2. 

Oscillation photographs failed to show absent reflections of the general type, and Weissen- 
berg photographs taken about the [100] and [010] axes showed systematic halving of the (00) 
reflections (always absent when k is odd) and of the (A0/) reflections (always absent when h is 
odd). Therefore the space-group is P2,/a, and by the same argument as for the previous 
compound, it follows that the molecule must be centro-symmetrical. 
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[(Et,As),(HglI,).]. Patterson synthesis perpendicular to [001]. The pattern repeats by 
reflection across all the edges of the diagram. 





[(Pr*,As),(HglI,),] forms soft crystals with poor faces, which made‘accurate goniometric 
measurements difficult. The crystals are commonly elongated along [001] with prominent 
prism faces {110}, and are occasionally terminated by {111} faces. 

An oscillation photograph about [001] and a Weissenberg photograph about the same axis 
gave the cell dimensions which were identified with the help of the morphological axial ratios. 
Both the (00) and (00) reflections are absent for h and k odd respectively, limiting the possible 
space-groups to P2,/a or P2,/n. The density of the crystals is 2-66 g./c.c., whence the number 
of molecules per unit cell is 2, and the calculated density is 2-70 g./c.c. The molecules are there- 
fore again in special positions, whichever is the correct space group, and so must be centro- 
symmetrical. On the basis of its isomorphism with the cadmium compounds of Class 2, the 
structure must be analogous to that discussed for [(Et,P).(CdBr,),], and for this reason no further 
investigations were carried out on this substance. 

Class C. Of this group of compounds [(Et;As),(HglI,),], [(Pr*,As).(HgCl,);], and 
[(Bu*,As),(HgBr,);] were selected for more detailed crystallographic investigation and structure 
analysis. Morphological data from goniometric measurements and cell dimensions are sum- 
marised in Table IV. The constants for the last two compounds, which are both monoclinic, 
correspond closely, suggesting isomorphism and therefore a similar structural arrangement, a 
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suggestion confirmed both by the identity in crystal habit and by the results of the more 
detailed X-ray investigations described below. The first compound, on the other hand, is 
orthorhombic with cell dimensions widely different from those of the other two compounds. 


TABLE IV. 
Crystallographic constants by 
Compound. goniometric measurements. Cell dimensions, A. 

{(PrsAs).(HgCl,)5] a:b:c=1-11:1: ?; B = 94° [0] a = 14-6, b = 13-4, c = 8-5; 
whence a:b: c¢c = 1-09: 1: 0-63[4] 

[(Bu,As),.(HgBr,)] a:b:¢ =1-14:1: ?; B = 94° 50’ a = 15-4, b = 14-4, c = 88; 
whence a@:b;¢c = 1-07: 1: 0-61[0) 

[(Et,As).(HgI,)5] a:b:¢ = 1-48: 1: 0-63 a = 21-5, b = 14-9, c = 9-4; 
whence 4:6:¢ = 1-44: 1: 0-63 

[(Pr*,As),(HgCl,),] crystallises in soft, rather imperfect, colourless crystals without any 
marked cleavage. Most crystals appear to be twinned, but on being touched with a needle they 
tend to break into single crystals of remarkably constant habit, namely, plates parallel to {010}, 
elongated along [001], showing the forms {010}, very prominent, {110}, small, and {001}, very 
small. Although a large number of crystals were measured on a goniometer, no other faces 
were found. The poor character of the faces made accurate measurements impossible. 

Optical investigation showed the crystals to be optically negative with low double refraction 
and large optic axial angle. 

Oscillation photographs about [100], [010], and [001], and Weissenberg photographs of 
crystals carefully cut and rolled into cylindrical shape about [100] and [010] gave the cell 
dimensions and showed only the following absent reflections: (h0l) when ’ is odd and (0h0) 
when k is odd. The space-group is therefore P2,/a. The density was found to be 2:5 g./c.c., 
whence the number of molecules of composition [(Pr,As),(HgCl,),] per unit cell is 2, and the 
calculated density is 2-44 g./c.c. If molecules of this composition exist in the structure they 
must therefore occupy the special positions at the symmetry centres and so themselves be 
centro-symmetrical. The space-group evidence is thus sufficient to exclude the possibility of 
_ a molecule of structure (VIII) based on a tetrahedral distribution of bonds roufnd the mercury 
atoms, since such an arrangement would necessarily lack a centre of symmetry. Only if the 
co-ordination round the central mercury atom were planar could a centro-symmetrical molecule 
exist. It was, however, possible to deduce the distribution of atoms in the unit cell without 
any preconceived assumptions concerning the molecular configuration. 

From the intensities of the reflection visually estimated on the Weissenberg photographs 
Patterson F? syntheses were constructed. The most conspicuous peaks in these syntheses 
must clearly be interpreted as Hg—Hg vectors, and lead immediately to the co-ordinates (0, 0, 0) 
and approximately + (42°, 0°, 138°) for the mercury atoms. This arrangement of these atoms 
on planes through the symmetry centres parallel to (010) receives strong support from the very 
marked pseudo-halving of the (hk) reflections, which on the average are conspicuously stronger 
for (h + &) even than for (4 + k) odd. A comparatively weak (040) reflection, however, 
indicates that the greater part of the remaining scattering matter must lie close to the planes 
y = b/8. From the known positions of the mercury atoms the signs of the F values of a con- 
siderable fraction of the observed reflections could be deduced and, only the terms of 
unquestionable sign being used, rough Fourier projections were constructed perpendicular to 
[010] and [001]. Apart from the mercury peaks these projections showed only one other 
conspicuous peak, which must represent the arsenic atom, at the approximate co-ordinates 
+ (90°, 50°, 180°). 

Although smaller peaks in these Fourier diagrams were later found to have some significance, 
it was felt at this stage that the scattering power of the chlorine atoms was too small compared 
with that of mercury and arsenic to make it possible to locate these atoms with certainty. 
For the following stages of the structure analysis the following isomorphous compound was 
therefore considered more suitable. 

[(Bu*,As),(HgBr,),] occurs in colourless plate-like crystals almost indistinguishable morpho- 
logically from crystals of {(Pr,As),(HgCl,),]. They are optically negative with moderately 
low double refraction and large optic axial angle. The acute bisectrix is [010] and the optic 
picture shows very marked crossed dispersion. _ 

Oscillation and Weissenberg photographs about the axes [100], [010], and [001] gave the cell 
dimensions (Table IV) and established the space-group as P2,/a with 2 molecules per unit cell. 
Patterson F* projections showed conspicuous peaks which enabled the mercury atoms to be 
approximately located in positions very little different from those found in [(Pr,As),(HgCl,),]. 
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From the known positions of the mercury atoms it was possible to deduce the signs of a consider- 
able number of the F values, and from these values Fourier syntheses were constructed which 
gave approximate co-ordinates for the bromine and arsenic atoms. By a series of successive 
approximations the signs of almost all the F values were determined, and a structure was 
achieved which gave good agreement between observed and calculated intensities for all three 
directions. From the final Fourier syntheses the following atomic co-ordinates were deduced : 
Hg!, (0, 0, 0); Hg?, + (40°, 3°, 143°); Brt, + (37°, 45°, 15°); Br?, + (43°, — 50°, 91°); 
Br’, + (— 17°, 26°, 114°); As, + (73°, 46°, 184°), together with the equivalent positions 
demanded by the space-group symmetry. 

A comparison of observed and calculated F values, expressed in arbitrary units and arranged 
in order of increasing 6 up to § = 1, based on these co-ordinates is shown in Table V. Higher- 
order reflections up to —-values of about 1-5 were included in the Fourier syntheses. In the 
calculated structure factors no account has been taken of the contribution from the butyl 
groups since it is not possible to locate matter of such low scattering power with any certainty. 
This contribution will in general be small but in isolated cases may account for relatively large 
differences between observed and calculated values. The extremely high absorption coefficients 
of all crystals of this type make absorption corrections difficult to estimate and very accurate F 
values correspondingly difficult to obtain. 


TABLE V. 
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A plan of part of the structure perpendicular to [010] showing the co-ordination round the 
mercury atoms of the two kinds is given in Fig. 1. The interatomic distances ‘in a.) and bond 
angles for the atoms shown in this plan are : 


Hg! —Br! = 2-25 Hg**—Br™ = 2-25 

Hg! —Br? = 3-2 Hg*“—As* = 2-25 

Hg? —Br* = 3-1 Hg**—Br*4 = 2-6 

Hg! —Hg™ = 3-8 Hg**—Br® = 2-9 
Hg*“—Hg”™ = 4-0 ; 

As4 —Hg*“—Br™ = 135° Br'?—Hg'!—Br*™ = 98° 
Br*4_Hg*4_Br*4 — 102° Br4—Hg—_Br4 = 72° 
Br4—Hg4 Br3 — 87° Br'4_Hg1—Br™ = 85° 
As —Hg**—Br® = 94° 
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From these figures it will be seen that the two Hg* atoms may be regarded as forming part 
of a bridged molecule [(Bu,As),(HgBr,),] of Class B, in which the molecule is strictly centro- 
symmetrical with a considerably distorted tetrahedral distribution of the mercury valency 
bonds. The atom Hg? lies at a symmetry centre and is surrounded by a much distorted octa- 
hedron of six bromine atoms. Of these, four, which are very much more remote, belong to the 
bridged molecule, whereas the other two at the close distance of 2-25 a. are directly bound only 
to the Hg! atoms. The structure may therefore be qualitatively described as composed of 
bridged molecules, [(Bu,As),(HgBr,),], and of linear mercuric bromide molecules. There is no 
evidence for the existence of a single independent bridged molecule of composition 
[(Bu,As).(HgBr,),] and of structure as (VIII). 

[(Et,As),(HgI,),] forms yellow crystals which are optically positive and of fairly high double 
refraction [A),, = 0-025]. Goniometric measurements established orthorhombic symmetry and 
suggested membership of the class mm, crystals bounded by {111} and {211} being a common 
habit. Assignation to this class was confirmed by tests in liquid air which revealed marked 
pyroelectricity. X-Ray observations have so far been confined to measurements of the cell 
dimensions (Table IV). The density is not much greater than 3-3 g./c.c., whence the number of 
molecules per unit cell is 4, and the calculated density 3-70 g./c.c. The structural arrangement 
is clearly entirely distinct from the monoclinic structures of [(Pr,As),(HgCl,),) and 
[(Bu,As),(HgBr,),], and, in particular, the crystal class, lacking a centre of symmetry, admits 
the possibility of a non-céntro-symmetrical molecule such as would occur in a single bridged 
molecule of three mercury atoms each tetrahedrally co-ordinated (VIII). 

Class D. Only preliminary investigations of compounds in this group have so far been 
carried out, the compounds studied being [(Et,P),(HgBr,),], [(Et,;As),(HgCl,),], and the acetone 
addition product of the latter, all three compounds being monoclinic. The results of morpho- 
logical investigations and the cell dimensions are summarised in Table VI. 


TABLE VI. 


Morphological data by goniometric 
Compound. measurements. Cell dimensions, A. 
[(Et,P),(HgBr,),] a:b:¢ =0-95:1:1-17; B =99-5° a = 10-65, b = 11-25, c = 13-26; 
whence a:b:¢c = 0-95: 1:1-18 
[(Et,As),(HgCl,),] a:b:c¢ = 1-19:1:0-95; B = 99° 20’ a = 12-9, b = 10-8, c = 10-5; 


whence a:6:c = 1-19: 1: 0-97 
((Et,As),(HgCl,),],;COMe, a:b:¢=2-0:1: ?; B = 118° a = 21-8,b = 11-4,c = 8-6; 
whence a4:b:c¢ = 1-92: 1: 0-755 


{(Et,P).(HgBr,),] forms colourless crystals of simple habit elongated along [001] showing the 
forms {100}, {110}, {010}, {001} and {011}. Oscillation photographs about the three axes gave 
the cell dimensions. The density was found to be ca. 3-7 g./c.c., whence the number of mole- 
cules per unit cell is 2, and the calculated density 3-54 g./c.c. The lattice is therefore necessarily 
primitive. 

A Weissenberg photograph about [001] showed systematically absent reflections only of the 
type (0k0) for k odd. The space-group is therefore P2,/c or P2,/m. From the intensities of 
the reflections on this Weissenberg photograph, a Patterson F* synthesis was constructed. If 
the structure were composed of discrete molecules of structure (IX), consisting of four tetra- 
hedrally co-ordinated mercury atoms in a straight line, this synthesis would be expected to show 
a row of seven conspicuous peaks, three on each side of the origin, corresponding to Hg—Hg 
distances within the molecule. The fact that no such peaks were found is in itself strong 
evidence against such a molecular arrangement. 

[(Et,As),(HgCl,),] forms colourless, tabular crystals showing the forms {110} prominent, 
{011} small, and {001} very small. The faces are of very poor quality, making accurate gonio- 
metric measurements impossible. The crystals are almost invariably twinned, but break up 
into single crystals on touching with a needle. They are soft and brittle without showing 
any regular cleavage. Furthermore, they are optically positive with fairly high double refrac- 
tion, y — § for Na light being 0-15. The density was found to be somewhat greater than that of 
bromoform (2-85 g./c.c.), whence the number of molecules per unit cell is 2, and the calculated 
density 3-22 g./c.c. 

The acetone addition product of this compound (p. 1222) forms crystals which are elongated 
in habit showing even poorer faces of the forms {100}, {120}, and {001}. A comparison of the cell 
dimensions with those of the acetone-free crystals suggests no immediate relationship between 
the two structures. 
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229. The Constitution of Complex Metallic Salts. Part XII. 
Bridged Compounds containing Two Different Metallic Atoms. 


By FREDERICK G. MANN and DONALD PURDIE. 


The bridged cadmium mercury compound [(Pr,°P),CdHglI,], in which each metallic 
complex has the tetrahedral configuration, can readily be prepared by the interaction 
of (a) [(Pr,;P),CdI,] and mercuric iodide, (b) [(Pr,P),(CdI,),] and [(Pr,P),(Hgl,)]. 
The second method of preparation indicates that the parent bridged dicadmium and 
dimercury compounds must exist in solution partly as the free radicals Pr,P->CdI, 
and Pr,P->Hgl, respectively. Bridged cadmium mercury compounds having mixed 
halogen and mixed phosphine arsine residues, such as [(Pr,P),CdHgBr,I,] and 
[(PrsP)(Pr,;As)CdHglI,], have also been isolated. The bridged palladium mercury 
compound [(Pr,As),PdHgBr,], containing a uniplanar and a tetrahedral metallic 
complex, has been prepared. The properties of these compounds are discussed. 


In the preceding paper it was shown that tertiary phosphines and arsines react readily 
with cadmium and mercuric halides to give “‘ bridged ”’ derivatives containing two metallic 
atoms per molecule, and that when, e¢.g., di-iodobis(tri-n-propylphosphine)cadmium (I) is 
boiled in alcoholic solution with 1 mol. of cadmium iodide, the bridged di-iodobis(tri- 
propylphosphine)-u-di-iododicadmium (II) is readily formed. In both these compounds 
each 4-covalent cadmium complex has the tetrahedral configuration, and moreover, the 
compound (II) possesses a centre of symmetry since it has the trans-symmetric* structure. 
It was of interest therefore to investigate whether similar bridged compounds could be 
prepared having two different metallic atoms in the molecule. It has been found that in 
certain cases such compounds can be readily obtained. For instance, when the un- 
bridged cadmium compound (I) is similarly treated with 1 mol. of mercuric iodide, the 
highly crystalline dt-todobis(tripropylphosphine)-p-di-iodocadmium-mercury (III) is readily 
formed. The same compound can also be prepared by boiling the bridged dicadmium 
compound (II) with 1 equiv. of di-iodobis(tripropylphosphine)-p-di-iododimercury (IV) ; 
in these circumstances there is an exchange of metallic atoms, with the sole formation of 
the cadmium mercury compound (III). Since the ¢vans-symmetric structures of both the 
compounds (II) and (IV) are known beyond reasonable doubt, their interaction to give 
(III) indicates that they must dissociate to a certain extent in hdt alcoholic solution 
Pr3P I Pr3P I . 
to give the free radicals Ca” and He” respectively; as the mixed solution 
I I 


cools, these unlike radicals unite in pairs to give the cadmium mercury derivative (III), 
since the last is less soluble than either of the parent compounds (II) and (IV). Given this 
solubility factor, the formation of the compound (III) is not unexpected, in view of the 
close chemical relations between the two metals and the fact that the 4-covalent compounds 
of both metals have the tetrahedral configuration. The term “ free radical’’ can be 
correctly applied to both the above groups, since in each group the metallic atom has two 
electrons less than in its normal 4-covalent complexes, and the groups show therefore some 
of the normal properties of free radicals, e.g., ready reassociation in pairs. 


* The term “‘ ¢vans-symmetric ’’ is used here (as in previous papers) to indicate the relative positions 
of the unbridged phosphine (or arsine) residues and the unbridged halogen atoms (cf. Chatt and Mann, 
J., 1939, 1622). 








YS — SCL, 
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It is noteworthy, however, that when the unbridged cadmium compound (I) is 
boiled in alcoholic solution with an excess of mercuric iodide, bridging occurs but 


() —-[(Pr,P)gCdI,] ————> _[(PrgP)ICdI,Cdl(PPr,)] (11). 
ee ei, ((Pr,P),(Hgl,)4) (IV. 


[(PrsP)s(Cal).) 
(v.) [(Pr,P)IHgI,Hgl(PPr,)} z —> [(PrsP)ICdI,Hgl(PPr5)] (111) 
Hg 








the cadmium is entirely replaced by mercury, with the formation of di-iodobis(tripropyl- 
phosphine)-y-di-iododimercury (IV); the latter compound is also formed when the 
bridged cadmium mercury compound (III) is similarly treated with an excess of mercuric 
iodide. The formation of the dimercury compound (IV) in these circumstances, although 
favoured by the excess of mercury iodide, is probably due primarily to the greater co- 
ordinating power of the mercuric atom compared with that of the cadmium atom. 

It is highly probable that the cadmium mercury compound (III) has the tvans-symmetric 
structure (II1A)* similar to that of all bridged 4-covalent compounds whose structure has 

I I PP been determined by X-ray analysis. Crystallographic analysis of 
\ca/ See Ts | the compound (III) has not been carried out owing to inherent 
Pr.p7 *1% NN difficulties: it should be noted that in any case the centre 
. f symmetry present in all previous bridged compounds is now 
(IITa.) be nny & - P wp team ae 
destroyed in (IIIa) by the presence of the mixed metals. 

It has also been possible to prepare bridged cadmium mercury compounds containing 
two different halogens and also containing both a co-ordinated phosphine and a 
co-ordinated arsine residue. Thus when dibromobis(tripropylphosphine)cadmium 
(V) was boiled in alcoholic solution with 1 mol. of mercuric bromide, the dibromobis(tri- 
propylphosphine)-u-dibromocadmium-mercury (V1) was formed; when, however, 1 equiv. 
of mercuric iodide was used, the dibromodi-iodocadmium-mercury compound (VII) was 
formed. It is impossible to assign a systematic name or a structure to this compound, 
as it is not known whether the bridging halogen atoms are both bromine or both iodine 
atoms; it is unlikely for reasons of stability and symmetry that they consist of one bromine 
and one iodine atom. 


yes 
[(PrsP),CdBrg] og 
(V.) 


[(Pr,P)BrCdBr,HgBr(PPr,)] (vI.) 


Her, 
[(Pr,P),CdHgBr,I,] (VII.) 
[(PrsP)2(CdI3)2] + [(PrsAs)o(Hgl,)9] 
(I1.) (Va5L.) ™ [(Pr,P)(PrsAs)CdHgl,] 
[(PrgAs)q(Cal,)q] + [(Pr5P)a(Hela)e] ~ gp 
(X.) (IV.) 


To prepare a bridged compound having both a phosphine and an arsine residue, equi- 
molecular quantities of di-iodobis(propylphosphine)-p-di-iododicadmium (II) and di- 
iodobis(propylarsine)-u-di-iododimercury (VIII) were boiled in alcoholic solution; the 
di-todo( propylphosphine) (propylarsine)-y-di-iodocadmium-mercury (IX) was readily ob- 
tained. The same compound (IX) was similarly prepared by the interaction of bridged 
propylarsinecadmium iodide (X) and the bridged propylphosphinemercury iodide (IV). 
Here again, it is impossible to give a precise structure to the compound (IX), as it is not 
known which metallic atom is co-ordinated to the phosphine residue and which to the 
arsine residue. 


* In these structural formulz, bonds in normal type are in the plane of the paper, whilst those in 
heavy type project above, and those in dotted type project below, this plane. 
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In view of the ease with which the bis(phosphine)cadmium-mercury compound (III) 
and the phosphine-arsine compound (IX) were prepared, it is noteworthy that all 
attempts to prepare a bis(arsine)cadmium-mercury compound, [(Pr,As)ICdI,HgI(Pr,As)], 
failed. This failure is the more remarkable because the potential parent compounds 

[(PrsAs)2(CdI,).] and [(Pr3As).(HglI,).] are isomorphous. It is possible, however, that the 
required compound is in this case more soluble than one or both of the parent compounds 
and hence would not be formed from the free radicals to which they give rise in solution. 

Attempts have also been made to prepare a bridged compound containing two different 
metals, one of which should have a planar, and the other a tetrahedral, distribution of its 
valencies. For this purpose palladium and mercury compounds were investigated, as 
previous work in this series has shown that their bridged derivatives are readily formed 
and have in both cases the ¢vans-symmetric structure in the crystalline state, and that 
moreover the 4-covalent palladium complex is planar and the mercuric complex is tetra- 
hedral. A compound of the required type was finally obtained by boiling equivalent 
quantities of dibromobis(tri-n-propylarsine)palladium and mercury bromide in alcoholic 
solution, whereby orange crystals of dibromobis(tripropylarsine)-y-dibromopalladium- 
mercury (XI) were obtained. This compound is stable in the solid state and can be readily 
recrystallised from alcohol. Cryoscopic molecular-weight determinations showed con- 
siderable dissociation in both benzene and ethylene dibromide; the compound slowly 
decomposes in benzene, but can be recovered unchanged from the ethylene dibromide 
solution. If in this compound the arsine residues are (as usual) linked to different metallic 
atoms (XI), it will follow that the palladium and mercury atoms, the bridged bromine atoms, 
and the unbridged bromine and arsenic atoms linked to the palladium are all in the plane of 
the paper, whilst the unbridged bromine and arsenic atoms linked to the mercury atoms 
must be respectively above and below this me The compound thus eaepts molecular 


Pr, rT  AsPrs R,As, yds As. As 
ip SPdg SH *) | Scuf Cuk "| a pcux “cue a 
BY’ “Br “Br RA” “ci “cl of et. Say 
(XI) 


(XIIa.) (XIIB.) 


dissymmetry. The general type of molecule (as distinct from the nature and linkage of 
the constituent groups) is similar to that of the two isomeric compounds of formula 
[(PhMe,As),Cu,Cl,] isolated by Mellor, Burrows, and Morris (Nature, 1938, 141, 414), in 
which each form has a tetrahedral 4-covalent cuprous and a planar 4-covalent cupric 
complex bridged though chlorine atoms (XII a and B). 

The formation of a bridged mixed-metal compound such as (XI) must be dependent to 
a certain extent on the valency lengths and the intervalency angles of each of the con- 
stituent 4-covalent metallic complexes. It is also dependent to a surprising extent on the 
nature of the specific groups linked to the two metals. For instance, the compound (XI) 
was the only bridged palladium mercury compound that could be isolated, although the 
preparation of several others was attempted. The results obtained in these experiments 
showed remarkable variation. Thus, in striking contrast to the previous experiment, no 
reaction occurred in hot alcoholic solution between the unbridged [(Bu,P),PdI,] and 
mercuric iodide. When, however, equimolecular quantities of the unbridged [(Pr,P),PdCl,] 
and mercuric chloride were similarly treated, the bridged dipalladium compound 
[(Pr3P),(PdCl,),] and the bis(propylphosphine)tris(mercuric chloride)[(Pr,P).(HgCl,),] 
were isolated, so that in spite of the relative amounts of reactants present, the reaction 
was evidently 


2[(PrsP),PdCl,] + 3HgCl, = [(PrsP),(PdCl,)2] + [(PrsP).(HgCl,)5] 
Further, when equimolecular quantities of the unbridged [(Et,P),PdCl,] and mercuric 
chloride were employed, the bridged dipalladium compound [(Et,P),(PdCl,),] and the 


bis(ethylphosphine)tetrakis(mercuric chloride) [(Et,P),(HgCl,),] were obtained, so the 
reaction was now 


2[(EtsP),PdCl,] + 4HgCl, = [(EtsP)_(PdCl,),] + [(EtsP)a(HgCl,),] 
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Finally, when the two bridged butylphosphinepalladium iodide and butylphosphinemercury 
iodide compounds were used, the mercury was completely evicted from the complex, with 
the formation of the unbridged palladium compound : 


[(BugP)9(Pdl,),] + [(BusP)(Hgl,)2] = 2[(Bu,P),PdI,) + 2Hegl, 


It is clear from these results that the specific nature of the palladium and mercury atoms 
themselves determines to only a limited extent the formation of the mixed bridged com- 
pounds. Furthermore, it should be noted that no bridged palladium cadmium compounds 
could be prepared; this is also surprising, in view of the ease with which mercury and 
cadmium can be exchanged in their bridged derivatives. 

The interaction of mercuric iodide with various members of the tetrakis{iodotrialkyl- 
phosphine(or arsine)copper} series and the corresponding argentous series, [R,P(As),Cul], 
and [R,P(As),AgI], (Mann, Purdie, and Wells, J., 1936, 1503) has been studied in the hope 


of preparing bridged cuprous mercuric or argentous mercuric compounds such as (XIII) or 
(XIV). 


R,As I J = I I 
Xn \He’ XAo% Be” 
(XIII.) Cu Hg g Hg (XIV.) 
os, » f Kn, Rp? 1" "Spr, 
Such compounds would be closely similar to those of Mellor, Burrows, and Morris (/oc. cit.), 
but would differ in that all the metallic complexes present (cuprous, argentous, and 


mercuric) would have the tetrahedral configurations. Various derivatives of mercury 
were obtained, but the desired compounds could not be prepared. 


EXPERIMENTAL. 


The solvent used for recrystallisation is named in parentheses after the substance concerned. 
The solubility of the mixed cadmium mercury derivatives in organic solvents was in each case 
lower than that of the corresponding dicadmium or dimercury compounds: the tetrabromo- 
cadmium-mercury compounds were also less soluble than the corresponding tetraiodo-cadmium- 
mercury compounds. 

Preparation of Di-iodobis(tri-n-propylphosphine)-u-di-iodocadmium-mercury (III).—{a) Solu- 
tions of [(Pr,P),CdI,] (1;1-15 g., 1 mol.) and mercuric iodide (0-76 g., 1 mol.) in hot alcohol (10 
and 20 c.c.) were mixed; the solution became yellow and then colourless, and crystals of the 
cadmium-mercury compound (III) began to separate. After 3 hours these were collected 
(1-8 g.), and obtained as fine white needles (alcohol), m. p. 141° (Found: C, 18-6; H, 3-7 ; 
I, 44:3. C,,H,.1,P,CdHg requires C, 18-9; H, 3-9; I, 44:5%). The compound is slightly 
soluble in alcohol, readily soluble in acetone. The mother-liquor in the original preparation 
contained solely a small amount of the same material. 

(b) Solutions of the tetraiododicadmium compound (II; 0-52 g., 1 mol.) and the tetraiodo- 
dimercury compound (IV; 0-61 g., 1 mol.) in hot alcohol (15 and 35 c.c.) were mixed, and on 
cooling the cadmium-mercury compound (III) (0-9 g.) separated, m. p. 141° (alcohol) unchanged 
when mixed with the product from the above experiment. 

When solutions of [(Pr,P),CdI,] (I; 3-4 g., 1 mol.) and mercuric iodide (4-4 g., 2 mols.) in 
hot alcohol (25 and 75 c.c.) were mixed, the mixture became yellow and deposited pale yellow 
crystals, which gave white needles from alcohol, m. p. 112—113° identified as the tetraiodo- 
dimercury compound (IV). 

When acetone solutions of the cadmium mercury compound (III; 1-14 g., 1 mol.) and of 
aa’-dipyridyl (0-156 g., 1 mol.) were mixed, a white precipitate of di-iododipyridylcadmium, 
[dipyCdI,], rapidly separated in almost theoretical yield; the filtrate appeared to contain a 
mixture of [(Pr,P).(HgI,),] and [(Pr,P),(HglI,),]. This result is undoubtedly determined by the 
lower solubility of [dipyCdI,] than of (dipyHgl],]. 

Di-iodobis(tri-n-butylphosphine)-u-di-iodocadmium-mercury (as III).—Similarly prepared 
from equimolecular quantities of [(Bu,P),(CdI,),] and [(Bu,P),(Hgl,),], this compound was 
obtained as white leaflets, m. p. 140—141° (alcohol) (Found: C, 23-6; H, 45; Hg, 16-1. 
C,,H;,1,P,CdHg requires C, 23-5; H, 4-4; Hg, 16-4%). 

Di-iodotri-n-propylphosphinetri-n-amylphosphine-p-di-iodocadmium-mercury (as III).—This 
compound, isomeric with the above, was prepared by the interaction of [(Pr,P),(CdI,),] and 
{(Am,P),(Hgl,),] in cold benzene solution; the residue obtained by spontaneous evaporation of 
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the solvent gave, after rapid crystallisation from alcohol, white crystals, m. p. 91—93° (Found : 
C, 23:1; H, 4-4. C,,H,,1,P,CdHg requires C, 23-5; H, 44%). 

Dibromobis(ivipropylphosphine)-up-dibromocadmium-mercury (VI1).—Similarly prepared by 
mixing solutions of [(Pr;P),CdBr,] (V; 1-97 g., 1 mol.) and mercuric bromide (1-20 g., 1 mol.) 
in hot alcohol (25 and 25 c.c.), this was formed as an immediate white precipitate, which became 
crystalline when the mixture was boiled. The compound (VI) was obtained as white crystals 
(acetone), m. p. 179°, almost insoluble in hot alcohol and benzene, readily soluble in acetone 
(Found: C, 22-6; H, 4-5; Br, 33-8. C,,H,,Br,P,CdHg requires C, 22-7; H, 4-4; Br, 33-5%). 
Cadmium and mercury were detected in the mother-liquors obtained in the halogen estimation. 
The same compound was obtained when alcoholic solutions of equimolecular quantities of 
[(PrsP),(CdBr,),] and [(Pr;P),(HgBr,)] were mixed. 

Dibromodi-iodobis(propylphosphine)cadmium-mercury (VII).—Similarly obtained from 
{(PrsP),CdBr,] (V; 1-50 g., 1 mol.) and mercuric iodide (1-15 g., 1 mol.) in hot alcohol (15 and 
25 c.c.), the compound (VII) separated on cooling in white needles (2-5 g.), m. p. 138° (acetore), 
moderately soluble in hot alcohol and benzene, readily soluble in acetone (Found: C, 20-6; 
H, 4:1. C,,H,,Br,I,P,CdHg requires C, 20-6; H, 40%). 

Di-iodotripropylphosphinetripropylarsine-p-di-iodocadmium-mercury (IX).—(a) Solutions of 
[(PrsP).(CdI,),] (II; 0-53 g., 1 mol.) and [(Pr,As),(HgI,),] (VIII; 0-66 g., 1 mol.) in hot alcohol 
were mixed, and on cooling gave white crystals of the compound (IX), m. p. 121—123° with 
slight softening at 115° (Found: C, 18-2; H, 3-9. C,,H,,I,AsPCdHg requires C, 18-2; 
H, 3:6%). 

(b) Precisely similar results were obtained by the interaction of [(Pr,As),(CdI,),] (X; 0-57 g., 
1 mol.) and [(Pr3P).(HglI,).] (IV; 0-61 g., 1 mol.). 

All attempts to prepare the mixed compound of formula [(Pr,As)ICdI,HgI(AsPr,)] by the 
action of the bridged cadmium compound [(Pr,As),(CdI,),] on mercuric iodide or on 
[(PrsAs),(Hgl,),] failed. 

Dibromobis(iri-n-propylarsine)-u-dibromopalladium-mercury (XI).—When solutions of 
[(Pr,As),PdBr4] (1:34 g., 1 mol.) and mercuric bromide (0-72 g., 1 mol.) in hot alcohol (20 and 
25 c.c.) were mixed, no colour change occurred, but after several hours orange crystals of the 
compound (XI) separated; these had m. p. 89—90° (alcohol) (Found: C, 20-9; H, 4:2; M, 
cryoscopic in 1-850% benzene solution, 676; in 0-829% ethylene dibromide solution, 510; 
in 2-071% solution, 566; in 3-019% solution, 579. C,,H,,Br,As,HgPd requires C, 20-9; 
H, 4:1%; M, 1031). The compound is readily soluble in alcohol, ether, and acetone, but 
when warmed in benzene solution it dissociates into its original constituents, mercuric bromide 
being precipitated. 

When alcoholic solutions of [(Pr,P),PdCl,] (0-50 g., 1 mol.) and mercuric chloride (0-27 g., 1 
mol.) were mixed and set aside, fine colourless crystals of [(Pr3P).(HgCl,),], m. p. 114° (benzene), 
separated, and the filtrate later deposited orange crystals of [(Pr,P),(PdCl,),], m. p. 187° 
(alcohol); each compound was identified by analysis or mixed m. p. determination with an 
authentic sample. 

When alcoholic solutions of [(Et,;P),PdCl,] (0-41 g., 1 mol.) and mercuric chloride (0-27 g., 
1 mol.) were similarly treated, colourless crystals of [(Et,P),(HgCl,),], m. p. 162—164°, were 
first obtained, and later orange crystals of [(Et,P),(PdCl,),], m. p. 230°, each compound being 
identified as above. é 

When alcoholic solutions of [(Bu,P),(PdI,),] (0-56 g., 1 mol.) and [(Bu,P),(HglI,),.] (0°66 g., 
1 mol.) were similarly treated, the dark brown colour of the mixed solution faded at once to a 
deep orange colour, and on slow evaporation orange crystals of [(Bu,P),PdI,] (0-6 g.), m. p. 
63—64° (alcohol), were obtained, and free mercuric iodide was also isolated. 

In an attempt to prepare a compound of type (XIV), tri-n-propylphosphine (3-6 g., 3 mols.) 
was added to silver iodide (1-76 g., 1 mol.) and mercuric iodide (3-40 g., 1 mol.) dissolved together 
in excess of aqueous potassium iodide solution. Vigorous shaking rapidly gave a white precipi- 
tate, which when collected, washed, drained, and rapidly recrystallised from alcohol gave white 
needles of di-iodobis(iripropylphosphine)mercury, [(PrsP),HglI,], (5 g.) m. p. 117—119° (Found : 
C, 26-4; H, 5-25; I,32°8. C,,H,,I,P,Hg requires C, 27-9; H, 5-4; I, 32-7%). The compound is 
unstable, and liberates propylphosphine slowly on standing, rapidly on heating in organic 
solvents. Further recrystallisation therefore gives a product having a m. p. over a wider 
range. 

When solutions of tetrakis(iodopropylphosphinesilver), [Pr,P,AgI], (0-79 g., 1 mol.), and 
the bridged mercury compound [(Pr;P),(HgI,),] (2-46 g., 4 mols.), each in acetone (25 c.c.), 
were mixed, silver iodide (0-41 g.) was at once precipitated, and the filtrate gave on evaporation 
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solely tris(propylphosphine)bis(mercury iodide), [(Pr,P),(HgI,),], m. p. 124—125°. The reaction 
is therefore 


[PrsP,AgI], + 4[{(Pr3P).(Hgl,).] = 4Agl + 4[(Pr,P),(Hgl,) 2] 


When hot alcoholic solutions of tetrakis(iodobutylarsine-copper), [Bu,As,CuI],, and of the 
bridged mercury compound [(Bu,As),(HglI,),] were mixed, no reaction could be detected. 
When however solutions of the cuprous compound (1-75 g., 1 mol.) and of mercuric iodide 
(1-82 g., 4 mols.) in hot alcohol (25 c.c. and 50 c.c.) were mixed, cuprous iodide (0-7 g.) was 
precipitated, and the solution gave solely [(Bu,As),(HglI,),], m. p. 55—56° (alcohol). The 
reaction is therefore 


[Bu,As,Cul], + 4HgI, = 4Cul + 2[(Bu,As),(Hgl,),] 


When only 2 mols. of mercuric iodide were employed in this reaction, the cuprous iodide was 
again almost entirely precipitated, but the excess of phosphine then gave [(Bu,As),(HglI,),] in 
addition to the above mercuric derivative. 


THE UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE, [Received, March 18th, 1940.] 





230. The Constitution of Complex Metallic Salis. Part XIII. 
The Stability of the 4-Covalent Auric Complex. 


By FREDERICK G. MANN and DONALD PURDIE. 


2-Covalent aurous compounds such as [Et,P--AuBr] combine readily with a 
further molecule of halogen to give 4-covalent auric compounds such as 
[Et,P-AuBr,], which should have the uniplanar configuration. If the two halogen 
atoms enter the /vans-position in the linear aurous molecule, two isomeric forms of a 
compound such as [Et,P+AuBrI,] should be obtained by (a) the addition of iodine 
to [Et,P>AuBr], (6) the addition of iodine monobromide to [Et,P-Aul]. 
Several such dual preparations have been made; but each pair gave only one compound. 
It is concluded that the groups around the 4-covalent gold have considerable mobility, 
and only the more stable isomeride occurs; in this respect the 4-covalent auric complex 
resembles the 4-covalent palladous complex. 


EvIDENCE for the configuration of the gold complexes in all the known valency states 
of the metal has been obtained during recent years. The 2-covalent aurous complex 
is linear: considerable (although not decisive) evidence for this configuration in 
[Et,P> AuX] and [Et,As>AuX], where X = Cl and I, was obtained by Mann, Wells, 
and Purdie (J., 1937, 1828). The 4-covalent aurous complex, present in the ««’-dipyridyl 
and the phenanthroline compound, K[Au(CN),dipy] and K[{Au(CN),,C,,H,N,], has been 
shown by Dothie, Llewellyn, Wardlaw, and Welch (J., 1939, 426) to be uniplanar. The 
4-covalent auric complex, present in the bridged compound [Et,AuBr,AuEt,], has also 
been shown to be uniplanar by Burawoy, Gibson, Hampson, and Powell (J., 1937, 1690). 
Confirmation of the above results for the 2-covalent aurous and the 4-covalent auric 
complexes has been obtained by Elliott and Pauling (J. Amer. Chem. Soc., 1938, 60, 1846) 
by an investigation of the black crystals of cesium aurous auric chloride, Cs,Au,Cl,, which 
consists essentially of molecules of Cs[AuCl,] and Cs[AuCl,], in which the complex ions 
have the linear and the planar configuration respectively. 

All the above results were obtained by X-ray crystal analysis. We have now 
attempted to obtain chemical evidence for the uniplanar configuration of the 4-covalent 
auric complex. It is known that phosphine compounds such as [Et,P-AuBr] are 
extremely stable and can be distilled at low pressures (Mann, Wells, and Purdie, loc. cit.) ; 
we now find that these compounds readily combine with halogens at room temper- 
ature to form the corresponding auric derivatives, ¢.g., tribromo(triethylphosphine)gold, 
[Et,P- AuBr,]. These compounds crystallise excellently, have sharp m. p.’s, and are 
soluble in many organic solvents, in which their molecular weights, so far as they have 
been determined, are normal. Some of them possess great stability (see later). 
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The aurous compounds also combine readily with mixed halogens, such as iodine 
monochloride and monobromide, and it will be seen that, if the additional halogen atoms 
enter the trans-position in the linear aurous complex, cis-trans-isomeric forms of the 
resulting auric derivative should arise. For instance, if 1 mol. of iodine is added to 
[Et,P-> AuBr], the bromo-trans-di-iodo(triethylphosphine)gold (I) should result; if, how- 
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ever, iodine monobromide is added to [Et,P-> Aul], the cis-isomer (II) should be formed. 
We find, however, that the products from these two reactions are identical. The following 
mixed halogen derivatives have also been prepared in two ways : 


[Et,P-> AuClI,] from (a) [Et,P- AuCl] + I, and (6) [Et,P>AulI] + ICl 
[Et,P+> AuICl,] from (a) [Et,P+>AulI] + Cl, and (6) [Et,P+AuCl] + IC 
[Et,P-> AulBr,] from (a) [Et,P>AulI] + Br, and (6) [Et,PAuBr] + IBr 


Again, each pair of reactions gave identical products. We have also prepared the 
chlorobromotodo-compound (III) from (a) [Et,P- AuCl] and BrI and (b) [Et,P->AuBr] 
and ICl: this compound could theoretically exist in three isomeric forms, but only one 
was obtained. As cyanogen bromide would not combine with the aurous compounds, 
the possibility of isomeric compounds of type [Et,P-AuBr,(CN)] could not be 
investigated. 

This apparent non-existence of cis-trans-isomerides of type (I) and (II) may be due 
to one of two causes. These trihalide compounds may have the tetrahedral configuration 
and thus be quite distinct from the auric compound investigated by Gibson and his co- 
workers (loc. cit.). It is, however, very unlikely that such a radical difference should exist, 
and an X-ray investigation of these phosphine compounds will be made to decide their 
configuration when circumstances permit. Alternatively, it is more probable that, whilst 
the auric complex maintains a uniplanar configuration, the groups joined to the metal 
have a certain mobility and thus adopt the most stable orientation around the metallic 
atom.* In this case, the less stable of the cis-trans-isomerides, if formed at all, would 
rapidly pass over into the more stable form. A precisely similar position occurs with the 
4-covalent palladium complex, where compounds of the type [a,Pd b,] exist almost in- 
variably only in the more stable trans-form. Even when two forms can be isolated, as 
in [(NH,),Pd(NO,).] (Mann, Crowfoot, Gattiker, and Wooster, J., 1935, 1642), one form 
readily passes over into the other—an apparently irreversible change. Ifthe non-existence 
of two forms of, ¢.g., the bromodi-iodo-compound is due to the ready conversion of the less 
into the more stable form, it is probable that the latter is the symmetric form (I). We 
have sought chemical evidence for this by treating the compound with sodium oxalate 
(1 mol.); if two cis-halogen atoms had been replaced by the oxalate group (a common 
reaction with complex palladium and platinum compounds), the compound (I) could give 
only one derivative, the iodo-oxalate, whereas (II) could give two derivatives, the bromo- 
and the iodo-oxalate. These experiments failed, however, as sodium oxalate did not 
react at room temperature and caused considerable reduction at higher temperatures. 

It is clear, however, that interconversion of the two possible isomerides might be 
considerably suppressed by the use of a suitable chelate group. We have therefore treated 
tribromo(triethylphosphine)gold with 1 mol. of the disodium salt of toluene-3 : 4-dithiol, 


Et.P Et,P->Au— 
av) OO 7 Me ww.) 
Br Et,P->Au—S’ 
in order to prepare the compound (IV), which should also exist in cis-trans-forms. The 


product proved, however, to be amorphous and insoluble in all the usual solvents. In 


* It should be emphasised, moreover, that in this case only one compound would ultimately be 
formed, irrespective of the mode of addition of the halogen molecule to the aurous complex. 
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these properties it is in marked contrast to the colourless crystalline aurous compound, 
toluene-3 : 4-bis(thiotriethylphosphinegold) (V), readily prepared by the action of the sodium 
salt of the dithiol on 2 mols. of the compound [Et,P-+AuCl], and which was readily 
soluble in several solvents. In view of the difficulty in preparing suitable chelated auric 
derivatives of type (IV), however, work on these lines has been temporarily abandoned. 
The above trihalogeno(triethylphosphine)gold compounds form a complete and unique 
series of fusible non-ionic complex compounds and their properties are therefore sum- 
marised in the following table, in which R represents the co-ordinated Et,P molecule. 


M. p. Colour. 
PRAM)  cccccecccccevccscesccscccoeece 121° Pale yellow needles 
FRAUCI, Br] ........esecceescessesesees LI9—120 Golden needles 
TFRAUCIBr,] ........-ceeeeecceseeeeeeee 128—129 Dark orange needles 
PRATER a) 00000 seeces sovcegpeeccoccezes 129 Deep red needles 
PRAUCI I] .......s.cceceeseeeeeeeeeeeeee 105—106 Purple-brown plates 
FRAUCIBrI] .......:.sesseeeeeeeeeeeeee 1O7—108 Black needles 
[RRMMREDN) — cocacsoceccs coc csbacncedese 109 Brownish-black needles 
PRAUCII] .n.cccccccscccccssccccaccccses 04-95 Black needles and plates 
) [RAUBrIg]  ...-eeeeeeeeeeseeereeeeeee 90—91 Black needles and plates 
[PREa) cee cosccesceccnsencncssonenees 77 Black needles 





The comparative stability of the above compounds is of great interest. The érichloro- 
compound (1) decomposes within a few days on standing at room temperature, even if 
kept in the dark, with deposition of gold; the dichloro-compounds (2) and (5) also decom- 
pose on standing, but not so rapidly. The ¢ri-todo-compound (10) decomposes to a black 
liquid mass within a few weeks if kept at room temperature in the dark, and the di-iodo- 
compounds (8) and (9) similarly decompose on standing for a few months. All the 
remaining compounds are stable indefinitely under these conditions. It is noteworthy that 
the gold content of all these auric compounds can be accurately determined by direct 
ignition; this proves that the first stage of thermal decomposition is not loss of two halogen 
atoms with formation of the corresponding aurous compound, since the latter would then 
undergo considerable volatilisation and a low value for gold would result, The auric 
compounds can, however, be reduced smoothly to the corresponding aurous compounds 
by passing sulphur dioxide into their alcoholic solutions even at room temperature. In 
these circumstances, the compound (4) gave [RAuBr], and the compound (5) gave [RAulI]. 
Similarly, the compound (6) on treatment with cold acetone was reduced also to [RAulI]. 
These results indicate that the more electronegative halogen atoms are preferentially 
removed from the complex by both reducing agents. 

The introduction of acid radicals other than halides into the auric molecule has proved 
very difficult. Attempts to prepare the compound [Et,P-+>AuBr,NO,] by the action 
of aqueous-alcoholic sodium nitrite on the tribromo-compound failed, as reduction to 
metallic gold readily ensued. Indirect attempts to prepare this compound by the formation 
of [Et,P- AuNO,] and subsequent addition of bromine also failed, as the aurous com- 
pounds, ¢.g., [Et,P-+AuBr], proved surprisingly resistant to the action of sodium 
nitrite, and prolonged heating ultimately gave only reduction to gold. 


EXPERIMENTAL. 


The names of solvents used for recrystallisation are given in parentheses after the 
compounds concerned. All molecular weights were determined cryoscopically in ethylene 
dibromide solution. 

The following two aurous compounds are new: Monobromo(irimethylphosphine)gold. An 
aqueous solution of chloroauric acid was diluted with a saturated solution of potassium bromide 
(6 mols.) and the mixture cooled in ice-water and diluted with a few c.c. of alcohol. A stream 
of trimethylphosphine, generated by the thermal decomposition of [Me,P,AgI],, was passed 
into the cooled and gently shaken mixture until the latter had developed a pale reddish-brown 
colour, The mixture was set aside overnight, and the colour had then disappeared and the white 
monobromo-compound separated. It was collected, washed with water, dried, and obtained as 
fine crystals (acetone), m. p. 225° (partial decomp.) (Found: C, 10:3; H, 2-7. C,H,BrPAu 
requires C, 10-2; H, 2-55%). The compound can be recrystallised from a large volume of 
boiling alcohol. 
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Monobromo(triethylphosphine)gold. Similarly prepared from an alcoholic solution of tri- 
ethylphosphine, the reaction being complete after ca. 1 hour’s standing, this compound can be 
recrystallised from alcohol, or by diluting a hot solution in benzene with cyclohexane and allow- 
ing the mixture to cool slowly; colourless crystals, m. p. 87° (Found: C, 18-2; H, 3-8. 
C,H,,BrPAu requires C, 18-2; H, 3-4%). (The m. p. of [Ets,P-AuCl], previously given as 
78°, has now been found to be 84—85°.) 

The Auric Compounds.—These were all prepared in the same way, and a general description 
suffices for all. A cold solution of the corresponding aurous compound in chloroform was 
treated with a solution of the requisite halogen, simple or mixed (1 mol.), dissolved in chloro- 
form or carbon tetrachloride. Combination to form the auric compound was rapid. If only 
chloroform had been used, the auric compound remained at first in solution, and, on spontaneous 
evaporation of the solvent, separated ultimately in large crystals. If, however, much carbon 
tetrachloride had been used, the auric compound crystallised rapidly from the mixed solvents, 
and the initial separation of the crystals was thus dependent on the relative proportion of 
solvents used. 

Tribromo(tvimethylphosphine)gold. This compound was much less soluble than the following 
ethyl compounds and separated rapidly even from pure chloroform solutions; beautiful orange- 
red crystals (chloroform or benzene), m. p. 162° (Found: C, 7:05; H, 1-6. C,H,Br,PAu 
requires C, 7-0; H, 1-75%). 

Trichloro(tviethylphosphine)gold, pale yellow needles (alcohol), m. p. 121° (Found: H, 3-5; 
Au, 46°9. C,H,,Cl,PAu requires H, 3-6; Au, 46-8%. Low and variable carbon values were 
always obtained), is easily soluble in acetone and chloroform, and sparingly soluble in alcohol 
and carbon tetrachloride. The dichlorobromo-compound, golden needles (alcohol), m. p. 119— 
120° (Found: C, 15-15; H, 3-3; Au, 42-2. C,H,,Cl,BrPAu requires C, 15-45; H, 3-2; Au, 
42-3%). The chlorodibromo-compound, dark orange needles (alcohol), m. p. 128—129° (Found : 
C, 14:3; H, 3-1; Au, 38-5. C,H,,ClBr,PAu requires C, 14:1; H, 3-0; Au, 38-6%). The 
tvibromo-compound, deep red needles (alcohol or benzene), m. p. 129° (Found: C, 13-05; 
H, 2-5; M, in 0-628% solution, 594; in 1-000% solution, 613. C,H,,Br,;PAu requires C, 13-0; 
H, 2:7%; M, 555). 

The dichloroiodo-compound formed dark purple-brown plates (alcohol), m. p. 105—106° 
(Found: H, 2-8, 3-1; Au, 38-4, 38-5. C,H,,Cl,I[PAu requires H, 2-9; Au, 38-4%. Con- 
sistent carbon values could not be obtained, but the duplicate analyses identify the compound). 
Alternative methods of preparation are given: (a2) A 1% (wt./vol.) solution of chlorine in 
carbon tetrachloride (7-0 c.c.; i.¢., 1 mol. of Cl,) was added to a solution of (Et;P+AulI] 
(0-44 g.) in chloroform (5 c.c.), the mixture immediately becoming dark brown and all odour 
of chlorine disappearing. Crystals of the dichloroiodo-compound separated and were purified 
as indicated above. (b) A 5% (wt./vol.) solution of iodine monochloride in carbon tetra- 
chloride (6-44 c.c.; 1 mol. of ICI) was added to a solution of [Et,P--AuCl] (0-70 g.) in 
chloroform (5 c.c.). The solution behaved precisely as in (a), and the crystals had the same 
m. p., either alone or when mixed with the (a) crystals. In all these dual preparations, the 
m. p. of the initial crystals which separated spontaneously at room temperature from the 
mother-liquor was always determined before and after recrystallisation, and was seldom changed 
by this process. No question of an undetected conversion of a less into a more stable isomeride 
during recrystallisation could therefore arise. 

The chlorobromoiodo-compound, obtained by two methods, formed black needles (alcohol), 
m. p. 107—108° (Found: C, 12-6; H, 2-8; Au, 35-4; M, in 0-782% solution, 543. 
C,H,,CIBrIPAu requires C, 12-9; H, 2-8; Au, 35-3%; M, 557-5). The dibromoiodo-compound, 
brownish-black needles (alcohol), m. p. 109° (Found: C, 12-1; H, 2-7; Au, 32-8; M, in 0-764% 
solution, 631. C,H,,Br,IPAu requires C, 12-0; H, 2-5; Au, 32-8%; M, 602). The chlorodi- 
iodo-compound, obtained by two methods, black needles or plates having a green surface 
reflection (alcohol), m. p. 94—95° (Found: C, 12-0; H, 2-7; Au, 32-9. C,H,,ClI,PAu requires 
C, 11-9; H, 2-5; Au, 32-6%). The bromodi-iodo-compound, obtained by two methods, black 
needles (alcohol), m. p. 90—91° (Found: C, 10-9; H, 2-1; Au, 30-0. C,H,,BrI,PAu requires 
C, 11-1; H, 2-3; Au, 30-4%). The tri-todo-compound, black needles (alcohol), m. p. 77° 
(Found: C, 10-05; H, 1-9. C,H,,I,PAu requires C, 10-35; H, 2-15%). 

Chlorodibromo(tri-n-propylphosphine)gold, similarly prepared by the addition of bromine to 
[Pr,P->AuCl], formed deep orange leaflets (alcohol), m. p. 145° (Found: C, 19-6; H, 3-9; 
Au, 35-8; M, in 0°697% solution, 588. C,H,,CiBr,PAu requires C, 19-5; H, 3-8; Au, 35-7%; 
M, 5653). 

Toluene-3 : 4-bis(thiotviethylphosphinegold) (V). A solution of [Et,;P--AuCl] (0-582 g., 
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2 mols.) in warm alcohol (15 c.c,) was added rapidly to a solution of the dithiol (0-129 g., 1 mol.) 
in alcohol (10 c.c.) to which a standard alcoholic solution of sodium ethoxide (2 mols.) had 
been added. The mixture was boiled gently for 1 minute, cooled, a small precipitate removed, 
and the filtrate taken to dryness in a desiccator. Large colourless plates formed as the evapor- 
ation proceeded. These were collected, washed with water, and twice recrystallised from alcohol. 
The above compound was thus obtained as colourless crystals, m. p. 124—125° (Found: C, 
28-4; H, 4-4; Au, 50-8. C, .H,;,S,P,Au, requires C, 29-0; H, 4-6; Au, 50-3%). 

When the tribromo-auric compound was similarly treated with the disodium salt of the 
dithiol (1 mol.), both in cold alcoholic solution, the mixture became turbid, and a yellowish- 
green amorphous precipitate was formed. This was collected and washed with alcohol and 
water, but could not be purified owing to its minute solubility in all solvents tried. 

Reduction.—(1) With sulphur dioxide. (a) An aqueous solution of sulphur dioxide was 
added with shaking to a solution of the tribromo-compound (0-5 g.) in warm alcohol (25 c.c.) 
until the mixture was colourless. On cooling, or on dilution with water, white needles of the 
monobromoaurous compound, m. p. 87°, separated. (b) A suspension of the dichloroiodo- 
compound (0-3 g.) in alcohol (25 c.c.) was similarly treated at room temperature until the solu- 
tion was colourless. Dilution with water gave the monoiodo-aurous compound, m. p. 67—69°. 

(2) With acetone. A solution of the chlorobromoiodo-compound (0-2 g.) in acetone (5 c.c.) 
was set aside for 24 hours, and had then become almost colourless. It was poured into water, 
and the precipitated monoiodo-aurous compound, when collected and recrystallised (alcohol), 
had m. p. 67—69°. 
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231. The Interaction of B-Ionone with Halides in the Presence of 
Lithium, and a Synthesis of 1: 6-Dimethylnaphthalene. 
By F. B. Kippine and F. WILb. 


The interaction of B-ionone and methyl iodide in the presence of lithium is shown 
to give a tertiary alcohol (by simple addition to the carbonyl group), which has been 
dehydrated to a tviene; the structure of these compounds is proved by chemical 
and physical evidence. Bromobenzene reacts in a similar manner. A new un- 
ambiguous synthesis of 1 : 6-dimethylnaphthalene is described. 


KARRER, SALOMON, Morr, and WALKER (Helv. Chim. Acta, 1932, 15, 878) found that the 
reaction between allylmagnesium bromide and £-ionone gave a compound which was not 
the expected tertiary alcohol. We have found that in the cases of methyl- and phenyl- 
magnesium halides no carbinols were present in the complex reaction mixture (Zerewitinoff), 
the constituents of which were unidentified. 

The normal compounds have been obtained from 6-ionone and halides, lithium replacing 
magnesium in the reaction. A typical example is that between methyl-lithium and 6- 
ionone; instead of preparing the metal alkyl in the usual manner, a mixture of the ketone 
and methyl iodide in dry ether was slowly added to lithium clippings in anhydrous ether 
containing a trace of methyl-lithium. The product contained a hydroxyl group, and 
from its ozonolysis products geronic acid was isolated as the semicarbazone. This com- 
pound, 8-2 : 6 : 6-trimethyl-A1-cyclohexenyl-8-methyl-A’-buten-B-ol (I), on elimination of 
water yielded the triene (II). Chromic acid oxidation of the triene produced acetic acid, 


Me, Me, Me, 


\CH:CH>CMe,°OH CH:CH-CMe:CH, CH°:CH-CPhMe-OH 
Me Me Me 


(I.) (II.) (III.) 


and after titration this was isolated as the sodium salt and characterised by the formation 

of the p-nitrobenzyl ester. Ozonolysis of (II) produced geronic acid, which shows the 

presence of the f-ionone nucleus, and a Diels-Alder reaction between (II) and maleic 

anhydride established that two double bonds are in conjugation. Additional evidence in 
4N 
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favour of structure (II) was provided by the formation of 1 : 6-dimethylnaphthalene by 
treatment with selenium, and from spectroscopic evidence, which gave absorption bands 
in the expected region. 

A similar reaction was carried out with bromobenzene, and the tertiary alcohol (III) 
obtained in good yield. 

The reaction with allyl iodide produced a very small amount of distillable substance, 
which contained no hydroxyl group and was identified as the compound isolated by 
Karrer. The residue on treatment with methylmagnesium iodide liberated methane, 
indicating the presence of hydroxyl groups; as distillation was found to be impossible, 
dehydration of the crude residue was carried out, but no pure compound could be isolated. 

As an unambiguous synthesis of 1 : 6-dimethylnaphthalene has never been described, 
the following was devised: 8-0-Tolylethyl alcohol, obtained from magnesium, o-bromo- 
toluene, and ethylene oxide (cf. McQuillin and Robinson, J., 1938, 1099), was converted 
by the action of phosphorus tribromide (modification of Shoesmith and Connor, J., 1927, 
1771) into the corresponding bromide, which was condensed with ethyl methylmalonate, 
and the product hydrolysed to methyl-B-o0-tolylethylmalonic-acid (IV); on heating, this was 


Me CH, Me CH, Me 


CH, 
Otten, Oto OG 
CMe(CO,H), CHMe-CO,H /CHMe 
co 


(IV.) (V.) (VI.) 


converted into the substituted butyric acid (V), cyclisation of which yielded 1 : 6-dimethyl- 
tetralone (VI); reduction gave 1 : 6-dimethyl-5 : 6:7: 8-tetrahydronaphthalene (VII) 
(Mayer and Schultze, Ber., 1922, 55, 2164), and 1: 6-dimethylnaphthalene was then 
obtained in good yield by a selenium dehydrogenation, 


EXPERIMENTAL. 

8-2 : 6 : 6-Tvimethyl-A}-cyclohexenyl-B-methyl-A’-buten-B-ol (I).—A mixture of B-ionone (10 
g-) and methyl iodide (8 g.) in absolute ether (50 c.c.) was added to lithium clippings (1 g.) 
and dry ether (20 c.c.), containing a trace of methyl-lithium, at such a rate that the ether was 
kept gently refluxing. The mixture was then refluxed for 15 minutes and kept overnight. 
Isolation of the product was carried out in the usual manner; distillation then gave 6—8 g. 
(56—73%) of (I), b. p. 89—90°/0-2 mm. (Found: C, 80-7; H, 11-4. C,,H,,O requires C, 80-75; 
H, 11-5%). Estimation of hydroxyl group (Zerewitinoff), 1-05. Estimation of double bonds 
by catalytic reduction, 1-94. 

Ozonolysis of (1) (cf. Heilbron, Johnson, and Jones, J., 1939, 1563).—A solution of (I) 
(1-5 g.) in dry carbon tetrachloride (40 c.c.) was ozonised during 12 hours, the solid which was 
deposited dissolved by the addition of glacial acetic acid (40 c.c.), and ozonisation continued 
during a further 12 hours. Water (150 c.c.) was added, and the mixture refluxed (1 hour) ; 
after evaporation to dryness the residue was refluxed with water (150 c.c.) during 1 hour. An 
ethereal extract was shaken with small amounts of saturated sodium bicarbonate solution, and 
the alkaline layer neutralised with phosphoric acid and extracted with ether. The residue after 
the removal of ether was boiled with water (10 c.c.), and to the filtered solution, semicarbazide 
hydrochloride (0-5 g.) and sodium acetate (1 g.) in water (5 c.c.) were added. Geronic acid 
semicarbazone was precipitated immediately; after recrystallisation from alcohol and ethyl 
acetate it had m. p. and mixed m. p. with an authentic specimen 163° (Found: N, 18-0. Calc. 
for C19H,,O,N,: N, 18-3%). 

8-2 : 6 : 6-Trimethyl-A}-cyclohexenyl-B-methyl-A%-butadiene (II).—The carbinol (I) (5 g.) 
and fused potassium hydrogen sulphate (2-7 g.) were heated (oil-bath at 135°) during } hour in 
an atmosphere of nitrogen. The temperature was gradually increased (170—180°), the pressure 
gradually reduced, finally to 15 mm., and a mixture of the ‘viene and water collected. The 
triene was washed with water, dried over calcium chloride, and fractionated in a vacuum; 
yield, 1-:9—2-7 g. (44—60%), b. p. 113—115°/15 mm. (Found: C, 87-5; H, 11:3. C,,Ho. 
requires C, 88-4; H, 11-6%). 

Maleic anhydride (0-8 g.) in dry benzene (15 c.c.) was added to (II) (1-5 g.) in dry benzene 
(5 c.c.); the solution immediately became bright yellow. After being kept for 2 days at room 
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temperature, the benzene was removed under reduced pressure, and the thick oil washed with 
warm water for 5 minutes. The gum solidified after a short time, but recrystallisation was im- 
possible owing to polymerisation taking place at about 50° (cf. Farmer and Warren, J., 1931, 
3234). Them. p. of the crude material was 155° (decomp.), and a mixed m. p. with maleic acid 
showed a depression (125°). 

Ozonolysis of (II) was carried out in a similar manner to that of (I). Geronic acid was 
isolated as the semicarbazone, m. p. and mixed m. p. 163° (Found: N, 18-5. Calc. : N, 18-3%). 

Chromic acid (7 g. in 100 c.c. of water and 30 c.c. of 10% sulphuric acid) and (II) (2-2 g.) were 
refluxed for 3 hours, and the volatile product removed in steam. Titration of the distillate with 
sodium hydroxide showed the presence of 1 mol. of acetic acid, which was characterised by the 
preparation of the p-nitrobenzyl ester, m. p. and mixed m. p. with an authentic specimen 78° 
(Found: N, 7-1. Calc. for CH,O,N: N, 7-2%). 

The triene (1-5 g.) and selenium (1-5 g.) were heated in a sealed tube at 320—350° during 
40 hours. The product was extracted with ether, the solution filtered, the ether removed, and 
the residue distilled over sodium. The fraction obtained above 200° was added to a warm 
saturated solution of picric acid in alcohol; an immediate darkening of colour took place and 
after a short time 1 : 6-dimethylnaphthalene picrate was deposited. Crystallised from alcohol, 
it had m. p. and mixed m. p. with a synthetic specimen and a specimen obtained by the de- 
hydrogenation of ionene 112—113° (Found: N, 10-8. Calc. for C,,H,,0O,N,: N, 10-9%). 
The triene showed absorption bands in the ultra-violet at 2770 a. (Ej%,, = 345) and 2200 a. 
(E}{%,. = 400). With antimony trichloride in anhydrous chloroform a brown colour developed, 
which became deep blue on standing. 

8-2 : 6 : 6-Trvimethyl-A)-cyclohexenyl-8-phenyl-A’-buten-B-ol (III).—A mixture of §-ionone 
(10 g.) and bromobenzene (10 g.) in absolute ether (50 c.c.) was added to lithium clippings 
(0-8 g.) in dry ether (30 c.c.), containing a trace of phenyl-lithium, at such a rate that the ether 
was kept gently refluxing. The mixture was kept overnight, and the product isolated in the usual 
manner; 7-5 g. (563%), b. p. 147—150°/0-1 mm. (Found: C, 84:3; H, 9-9. C,H,,O requires 
C, 84:4; H, 96%). Estimation of hydroxyl group (Zerewitinoff), 1-05. 

Ozonolysis of (III) was carried out in the usual way; the geronic acid formed was isolated as 
the semicarbazone, m. p. and mixed m. p. 163° (Found: N, 18-3. Calc.: N, 18-3%). 

The above experiment was repeated with allyl iodide and B-ionone: a small fraction was 
collected (12%) which contained no hydroxyl group (Zerewitinoff); b. p. 139°/12 mm. (Found : 
C, 81-8; H, 11-0. Calc. for C,,H,,0: C, 82-0; H, 11-1%) (cf. Karrer, Salomon, Morf, and 
Walker, loc. cit.). A qualitative estimation of the undistillable residue (8 g.) showed the presence 
of a hydroxyl group (Zerewitinoff), but dehydration by fused potassium hydrogen sulphate 
could not be satisfactorily accomplished. 

B-0-Tolylethyl Alcohol (cf. McQuillin and Robinson, loc. cit.).—Gaseous ethylene oxide (36 
g.) was passed into a well-stirred solution of the Grignard reagent prepared from o-bromotoluene 
(120 g.) in ether (250 c.c.) at O—10°. After standing overnight, the mixture was poured into ice 
and sulphuric acid, and the product isolated in the usual manner; 63 g. (66%), b. p. 124—125°/14 
mm. (Found: C, 79-2; H, 8-8. Calc. for C,H,,0: C, 79-4; H, 88%). The alcohol (0-5 g.) 
and phenyl isocyanate (0-5 c.c.) gave the phenylurethane, which was filtered off and recrystallised 
a number of times from light petroleum (b. p. 80—100°) and then from alcohol; m. p. 82-5° 
(cf. Grignard, Compt. rend., 1905, 141, 45) (Found: C, 75-35; H, 6-6; N, 5-8. Cale. for 
C,,H,,0O,.N: C, 75-3; H, 6-7; N, 5:5%). 

8-0-Tolylethyl Bromide (cf. Shoesmith and Connor, J., 1927, 1771).—Phosphorus tribromide 
(46 g.) was slowly added to ice cold o-tolylethyl alcohol (62 g.). After standing overnight in 
ice, the mixture was heated on a water-bath for 4 hour and poured on ice. Ether extracted the 
bromide, which was fractionated under reduced pressure ; b. p. 110°/15 mm., yield, 66 g. (71-5%). 

Ethyl Methyl-B-0-tolylethylmalonate.—Ethyl methylmalonate (51 g.) was gradually added to 
a cooled solution of sodium ethoxide (from sodium, 6-75 g., and alcohol, 110 c.c.), followed by 
o-tolylethyl bromide (65 .g.) in 5 g. lots; the reaction was completed by heating on a water-bath 
until the solution was no longer alkaline, and the product was obtained in the usual manner; 
30 g. (33-3%), b. p. 184°/10 mm. 

Methyl-8-0-tolylethylmalonic Acid (IV).—A mixture of the above ester (30 g.) and 20% 
alcoholic potash (150 c.c.) was heated under reflux during 4 hours. The residue obtained after 
evaporation to dryness on a water-bath was acidified (Congo-red) ; an oil separated which solidi- 
fied on standing. Recrystallisation from benzene gave the acid in small needles, m. p. 138°; 
yield, 21 g. (87%) (Found: C, 65-9; H, 6-5; equiv., by back titration, 118-4. C,,H,,O, 
requires C, 66-1; H, 6-8%; equiv., 118). The p-nitrobenzyl ester, prepared from the sodium salt 
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in the usual manner, had m. p. 86° (from alcohol) (Found : C, 63-7; H, 5-4; N,5-7. C,,H,,0O,N, 
requires C, 64:0; H, 5-15; N, 5-5%). 

y-0-Tolyl-a-methylbutyric Acid (V).—The crude product from the previous experiment (17 
g.) was heated (oil-bath temperature gradually raised from 160° to 200°) until all the carbon di- 
oxide was removed. Attempts to crystallise the dark viscous oily product failed, and it was 
distilled under reduced pressure, yielding 7:5 g. (54%), b. p. 157°/0-12 mm. (with slight 
decomp.) (Found: equiv., by back titration, 193-5. Calc.: equiv., 192). 

1 : 6-Dimethyltetralone (V1).—The acid (V) (7-5 g.) was heated in a water-bath (kept at 
75—80°) during 4 hour with concentrated sulphuric acid. The mixture was cooled and poured 
on ice (150 g.); the solid which separated was filtered off and recrystallised from dilute ethyl 
alcohol, the ketone being obtained in long, colourless, slender needles, m. p. 47°; yield, 4-5 g. 
(66-2%). The 2: 4-dinitrophenylhydrazone, crystallised from alcohol, had m. p. 219° (decomp.) 
(Found: N, 15-75. C,,H,,0,N, requires N, 15-8%). 

1 : 6-Dimethyl-5 : 6 : 7 : 8-tetrahydronaphthalene (V1I1).—A mixture of 1 : 6-dimethyltetralone 
(3 g.), granulated zinc (25 g.), and 15% hydrochloric acid (60 c.c.) was heated under reflux 
during 9 hours; at intervals of 14 hours 10 c.c. of concentrated hydrochloric acid were added. 
The liquid was allowed to cool, the oily upper layer removed, and the aqueous layer extracted 
with ether ; after removal of the ether the residue was fractionated under reduced pressure, yield- 
ing 1-9 g. (64-5%), b. p. 115°/14 mm. (cf. Mayer and Schultze, loc. cit.) (Found: C, 90-3; H, 
10-25. Calc. for C,,H,,: C, 90-0; H, 10-0%). 

1 : 6-Dimethylnaphthalene.—1 : 6-Dimethyltetrahydronaphthalene (1-7 g.) and selenium were 
heated in a sealed tube during 42 hours at 320—350°. The cooled product was extracted with 
boiling ether, the ether removed, and the residue fractionated from sodium. 1 : 6-Dimethy]l- 
naphthalene was collected between 262° and 263°; yield, 0-92 g. (50%). The recorded b. p. 
is 262—263°. 

A saturated alcoholic solution of picric acid was added to a warm specimen of the oil. After 
a few minutes the picrate was deposited ; it was filtered off and recrystallised several times from 
alcohol; m. p. 113° (lit., m. p. 110—113°), not depressed by a specimen prepared from the 
dehydrogenation product of ionene (Found: N, 10-8. Calc.: N, 10-9%). 


We wish to thank Prof. Heilbron, F.R.S., for the spectroscopic examination of (II), and 
one of us (F. W.) is indebted to the Department of Scientific and Industrial Research for a 
maintenance grant. 
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232. Free Radicals and Radical Stability. Part XI. 
Methyltriphenylmethyls. 


By SypNEy T. BowpDEN and TREvorR L. THomas. 


The influence of methyl substituents in triphenylmethyl and its homopolar and 
ionised derivatives has been studied. The group increases the basicity of the carbinol 
and the halochromism of the salts, but in lesser degree than methoxyl. Solutions 
of the sulphates containing methyltriphenylmethyl cations are photosensitive. The 
rate of thermal decomposition of the methyltriphenylmethy] formates is lower than that 
of the corresponding methoxyl derivatives, and the reduction of the carbinols to the 
corresponding methanes is best effected by zinc and acetic acid. The methyl group 
increases the electrical conductivity of triphenylmethyl chloride in liquid sulphur 
dioxide and more effectively in the o- and p-positions than in the m-position. 

The internal changes suffered by the free radical systems have been examined by 
methods involving photoelectric and tintometric detection of colour changes, as well 
as by oxygen-absorption methods. The tendency to isomerise decreases in the follow- 
ing sequence: diphenyl-p-tolyl-, diphenyl-m-tolyl-, 2 : 5-dimethyltriphenyl-, diphenyl- 
o-tolyl-, triphenyl-methyl. 

The new radicals diphenyl-m-tolyl- and 2 : 5-dimethyltriphenyl-methyl are orange- 
yellow, and rapidly absorb nearly the theoretical amount of oxygen with formation 
of crystalline peroxides and isomeric oxidation products. Solutions of the radicals 
in benzene, rapidly absorb iodine, but the iodides thus formed are dissociated to a 
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greater extent than triphenylmethyl iodide. The radical systems are decolorised in 
direct sunlight. Molecular-weight determinations show that the methyl substituent 
increases the unimolecular stability of triphenylmethyl in accordance with the wave- 
mechanical theory of radical stability. 


IN continuation of the study of the influence of the methyl substituent in triarylmethyls, 
we have now examined the behaviour of the three isomeric diphenyltolylmethyls and 2 : 5- 
dimethyltriphenylmethyl. Motwurf (Ber., 1903, 37, 3153) had noted that tri-p-tolyl- 
carbinol is more basic than triphenylcarbinol and that the three methyl groups are roughly 
equivalent to one p-methoxy]l in enhancing the basicity. The results of the present work 
are included in Table I. It is evident that the methyl group in the m-position has nearly 
the same effect as methoxyl, whereas in the p-position it is much less effective in enhancing 
the basicity of the hypothetical base corresponding to the carbonium salts. Moreover, 
the methyl substituent does not induce such strong halochromism in these derivatives. 


TABLE I. 


Basicity and halochromism. Thermal stability of formate. 
Basicity of Colour of Decompn. Time (mins.) for 20% 
carbinol. sulphate. ; decompn. at 77°. 

Triphenylmethyl ..... par yers . Yellow 

o- Methoxytriphenylmethyl . janes . Deep red 

m- Methoxytriphenylmethy) ... ove ° Orange red 

p-Methoxytriphenylmethyl ............ ° Deep red 

o-Methyltriphenylmethyl ............... . Orange 

m-Methyltriphenylmethyl............... ° Orange 

e Methyltri ee oa yl ° Orange 

: 5-Dimethyltriphenylmethyl ° Deep orange 


Lifschitz and Joffe (Z. phystkal. Chem., 1921, 97, 426) found that colourless solutions of 
certain triphenylmethane derivatives and especially the leuco-cyanides become coloured 
on exposure to near ultra-violet light. Since the generation of colour is accompanied by 
an increase in the electrical conductivity of the solutions, these authors advanced the 
hypothesis that irradiation induces ionisation of the homopolar derivatives. We find 
in a similar way that the polar triarylmethyl sulphates are photosensitive and slowly 
change colour on exposure to direct sunlight. The colour deepens in those solutions con- 
taining the triarylmethyl cation, and the change is therefore fundamentally different from 
that involved in the decolorisation of solutions of the corresponding neutral radicals on 
irradiation. 

In accordance with the behaviour of the majority of simple triarylmethyl formates, 
the methyl-substituted derivatives decompose on heating with evolution of carbon dioxide 
and formation of the triarylmethane. As shown in Table I, the methyl substituent 
induces a much slower decomposition than the methoxyl group, and as may be expected 
on electronic grounds, there is a marked difference in the effect of these two groups in the 
o- and in the #-position. It is evident, accordingly, that the preparation of methyltri- 
phenylmethanes by heating the carbinols with formic acid is not so efficacious as the process 
involving the use of zinc and acetic acid. The methyltriphenylmethy] chlorides dissolve 
in ordinary organic solvents to produce colourless systems, but their solutions in liquid 
sulphur dioxide are deep orange and exhibit a high electrical conductivity. Measurements 
at — 10° show that the methyl substituent increases the molecular conductivity in the 
sequence p > 0 > Mm. 

For the purpose of ascertaining whether the solutions of the neutral radicals suffer 
internal changes such as isomerisation or disproportionation, we have employed photo- 
electric and tintometric methods for recording slight changes in the colour of the systems. 
These methods reveal that isomerisation is slow in triphenyl-, diphenyl-o-tolyl-, and 
2 : 5-dimethyltriphenyl-methyl, but more rapid with diphenyl-m-tolylmethyl. In com- 
parison with these radicals, however, diphenyl--tolylmethyl is much more susceptible to 
internal changes of this kind. The orange solutions of diphenyl-m-tolyl- and 2 : 5-dimethyl- 
triphenyl-methyl are extremely reactive and are decolorised in air with the formation 
of colourless peroxides, which are precipitated in the crystalline ‘condition if the oxidation 
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is conducted in ethereal solution. Although the amount of oxygen absorbed by the 
freshly prepared free radical is nearly quantitative, the yield of peroxide is well below this 
value owing to the formation of an isomeric oxidation product, which may be isolated as a 
yellowish-red oil after ‘the oxidation process. This behaviour is also exhibited by 
triphenylmethyl, which gives a 70% yield of the peroxide together with a yellow oil of 
unknown constitution. The methyltriphenylmethyls combine with iodine in benzene 
solution to form equilibrium mixtures of the radical system and triarylmethyl iodide. 
A comparison of these equilibria with that found in the case of triphenylmethyl shows 
that the dissociation of the triarylmethyl iodide is slightly increased by the presence of 
methyl] substituents. 

The action of direct sunlight on triphenylmethy] leads to decolorisation of the solution 
and the formation of diphenylbisdiphenylene-ethane and triphenylmethane through 
autoxidation and reduction (Schmidlin and Garcia-Bants, Ber., 1912, 45, 1344; Bowden 
and Jones, J., 1928, 1149). The methyl-substituted radicals undergo a similar reaction 
and the photosensitivity decreases in the following sequence : diphenyl-f-tolyl-, triphenyl-, 
diphenyl-m-tolyl-, diphenyl-o-tolyl-, 2 : 5-dimethyltriphenyl-methy]. 

Cryoscopic determinations of the molecular weight of diphenyl-m-tolylmethyl and 
2 : 5-dimethyltriphenylmethyl in benzene show that the dissociation of the corresponding 
ethanes is greater than that of hexaphenylethane. Although the measured degree of 
dissociation is higher than might have been expected, there is little doubt that the presence 
of methyl substituents serves to increase the unimolecular stability of the radical. As 
pointed out in Part X (this vol., p. 883), this is in harmony with the wave-mechanical 
theory of radical stability. 

EXPERIMENTAL. 


Methyliriphenylcarbinols and Halochromic Salts. 


Diphenyl-m-tolylcarbinol.—The following modifications of previous methods (Acree, Bex., 
1904, 37, 998) were employed. (a) The filtered solution of m-tolylmagnesium bromide [from 
m-bromotoluene (20 g.), magnesium (3-5 g.), and ether] was slowly treated with an ethereal 
solution of benzophenone (12 g.), and the mixture heated gently for 4 hours. After decom- 
position of the triarylmethoxymagnesium bromide with ice and sulphuric acid, the dried ethereal 
solution was evaporated, and the residue distilled under reduced pressure. The carbinol was 
obtained as a yellow viscous oil, b. p. 219—223°/2 mm. (b) Methyl m-toluate (35 g.) was 
added in small portions to a filtered solution of phenylmagnesium bromide [from bromobenzene 
(80 g.), magnesium (17 g.), and ether (270 c.c.)], the mixture being vigorously shaken after each 
addition. After 3 hours’ heating on an electric lamp, the reaction mixture was hydrolysed in 
the usual way. The carbinol was obtained on removal of the ether; it distilled at 220— 
229°/5 mm. and solidified on standing; recrystallised from ligroin, it was obtained in small 
colourless crystals, m. p. 65°. This method of preparation is superior to the preceding one with 
respect to both yield and ease of isolation. 

Acree (loc. cit.) stated that diphenyl-m-tolylcarbinol is hygroscopic. Since there seemed to 
be no reason why this compound should differ in this respect from other triarylcarbinols, we 
have compared its behaviour with that of triphenylcarbinol, known weights of the two carbinols 
(subjected to identical powdering processes) being exposed to an atmosphere saturated with 
aqueous vapour, and the increase in weight observed at intervals. The gain in weight, in g. 
per mol. of carbinol, at room temperature is given below : 


Diphenyl-m-tolylcarbinol. Triphenylcarbinol. 








Time (days). Wt. of carbinol, g. Increase, g. per mol. Wt. ofcarbinol,g. Increase, g. per mol. 


0-9060 0 0-6830 0 
0-9068 0-2543 0-6840 0-3807 
0-9081 0-6676 0-6864 1-2940 
0-9095 1-112 0-6892 2-741 
0-9109 1-558 0-6931 4-226 
0-9116 1-780 0-6935 4-378 
0-9150 2-861 0-6935 4-378 


It is evident from these results that the m-tolyl derivative is actually less hygroscopic than 
triphenylcarbinol. 
Diphenyl-p-tolycarbinol:—The carbinol, prepared from the magnesium derivative of p-bromo- 
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toluene and benzophenone by the method described above, was isolated by allowing it to 
separate slowly from ethereal solution or by direct distillation under reduced pressure (Acree, 
loc. cit.). Recrystallised from ligroin, it melted at 73—74°. 

2 : 5-Dimethyliriphenylcarbinol.—2 : 5-Dimethylbenzophenone was obtained by a modific- 
ation of the method of Elbs (J. pr. Chem., 1887, 35, 472). Dry, freshly distilled p-xylene (58 g.), 
benzoyl chloride (39 c.c.), and carbon disulphide (80 c.c., purified by standing over aluminium 
chloride) were treated with small quantities of powdered aluminium chloride (81 g.). The 
mixture was kept for a day and then heated over a lamp heater for 8 hours. The carbon 
disulphide was removed by distillation, and the well-cooled mass treated with ice and hydro- 
chloric acid. Steam was passed through the mixture for 2 hours to effect complete hydrolysis 
of the dichloride, and the ethereal extract was dried for a short time over calcium chloride. 
After removal of the solvent the ketone distilled at 193—196°/20 mm.; yield 55%. 

An ethereal solution of the ketone (63 g.) was added to the filtered Grignard reagent prepared 
from bromobenzene (51 g.) and magnesium (10-7 g.). When the initially vigorous reaction had 
subsided, the solution was heated on a steam-bath for 4 hours. The mixture was decomposed 
with ice and sulphuric acid, and the well-washed ethereal solution dried and concentrated. 
The carbinol separated in perfectly white crystals, m. p. 108-5° after recrystallisation from 
alcohol; yield 60% (Found: C, 87-5; H, 6-8. C,,H,,O requires C, 87-5; H, 6-95%). 

Halochromic Properties of Methyliriphenylmethyl Derivatives.—The basicity values of the 
true bases corresponding to the cations of the triarylmethyl salts were determined by Baeyer’s 
method, and the results are listed in Table I. The slight increase of basicity produced by the 
methyl substituent is seen by comparing the basicity values with those of the corresponding 
methoxy-substituted derivatives. In both series, however, the substituent in the m-position 
exerts the minimum influence, and the greatest difference is apparent in the p-position. 

For the purpose of furnishing a simple numerical measure of the halochromism exhibited 
by carbonium salts, we have specified the colour of the sulphate in terms of Lovibond units. 
The colour value of a concentrated sulphuric acid solution containing 10 g. of the carbinol per 
c.c. was determined tintometrically in a cell (1 x 1 cm.) closed with a lightly greased cover-slip 
to prevent ingress of moisture. The Lovibond units of the sulphates were as follows : triphenyl- 
methyl, 10-5 yellow; diphenyl-o-tolylmethyl, 23 yellow; diphenyl-m-tolylmethyl, 19-5 yellow ; 
diphenyl-p-tolylmethyl, 16 yellow, 0-1 blue; 2: 5-dimethyltriphenylmethyl, 23 yellow, 3 red, 
0-1 neutral. These values show that the methyl group in the m-position is. less effective in 
enhancing the halochromism than in the o- and -positions. This influence of orientation, 
however, is still more pronounced in the case of methoxyl substituents. 

In view of the fact that colourless solutions of certain triphenylmethane derivatives become 
coloured on exposure to near ultra-violet radiation (Lifschitz and Joffe, loc. cit.), the behaviour 
of the polar sulphates is of interest. For the purpose of ascertaining whether these derivatives 
are photosensitive, 0-00005m-solutions of the carbinols in concentrated sulphuric acid were 
exposed to direct sunlight in sealed tubes, and the colour values observed at intervals by means 
of a tintometer. The colour change in Lovibond units is given in the following table. Control 


Colour Change in Triarylmethyl Sulphates on Irradiation. 


Triphenylmethyl sulphate. 
Time (hours) ............... 0-75 1-5 2-0 4-0 10 
Colour change ............. 1 yellow 3 yellow 4yellow 4yellow,0-5 red 6 yellow, 1 red 


Diphenyl-o-tolylmethyl sulphate. 
Time (hours) ...........+0+ 0-75 1-5 10 17 
Colour change ............ 0-7 red 0-8 yellow, 1-1 red 0-8 yellow, 1-6 red —9 yellow, 1-7 red 


Diphenyl-m-tolylmethyl sulphate. 
Time (hours) .........-+0+0s 0-75 1-5 2 10 17 
Colour change 0-2 red 0-8 red 1 red 1-5 red 2 red 


Diphenyl-p-tolylmethyl sulphate. 
Time (hours) .........+++.+ 0-75 2 10 17 
Colour change ............ 3-1 yellow 3-1 yellow, 0-4red 3:1 yellow, 1-5red 5-4 yellow, 2-4 red 


2 : 5-Dimethyltriphenylmethyl sulphate. 
Time (hours) ..........+.++ 10 17 
Colour change ............ 0-9 red 1-2 red 
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solutions preserved in the dark exhibited little change of colour, and it is evident therefore that 
these solutions containing triarylmethy] cations are photosensitive. This photochemical effect 
may account in some measure for the divergences apparent in the recorded absorption spectra 
of these derivatives. 

In this connexion we have examined the photosensitivity of solutions containing the neutral 
radicals. Freshly prepared 0-5% solutions of the free radicals in benzene were exposed in 
sealed tubes to direct sunlight. Diphenyl-p-tolylmethyl was decolorised in 0-5 min., triphenyl- 
methyl in 2-5 mins., and diphenyl-m-tolylmethyl in 4-5 mins. Although solutions of diphenyl- 
o-tolylmethyl and 2 : 5-dimethyltriphenylmethyl lost much of their colour, they were not com- 
pletely decolorised after 5 hours’ irradiation. There appears to be no simple connexion between 
the photosensitivity of the cation and of the neutral radical. 

Reduction of Carbinols.—The reduction of the carbinols by formic acid, which involves the 
thermal decomposition of the coloured triarylmethyl formate, was examined by the procedure 
described in Part VIII (this vol., p. 879), and the results are summarised in Table I. Actually, 
the methyl group has comparatively little effect on the rate of reduction in the early stages of 
the reaction; ¢.g., the rate of evolution of carbon dioxide from a formic acid solution of 2 : 5-di- 
methyltriphenylmethyl formate at 77° is low and only 35% of the theoretical amount is evolved 
in one hour. Accordingly, the method is not a suitable one for the preparation of the 
corresponding methane. 

2 : 5-Dimethyliriphenylmethane was prepared by boiling the red solution of the carbinol in 
glacial acetic acid with zinc dust. After 3 hours the colour was discharged, and the filtered 
solution deposited crystals of the methane on cooling, m. p. 91° after recrystallisation from 
alcohol; yield, 70% (Found: C, 91-9; H, 7-2. C,,Hy» requires C, 92-65; H, 7°35%). 


Methyltriphenylmethyl Chlorides. 

Diphenyl-m-tolylmethyl Chloride.—(a) A solution of diphenyl-m-tolylcarbinol (10 g.) in dry 
ether (10 c.c.) was saturated with hydrogen chloride at 0°. For the purpose of absorbing the 
water generated in the reaction, a small perforated glass basket containing a few lumps of 
anhydrous calcium chloride was suspended in the solution. After standing overnight in the 
stoppered flask, the calcium chloride container was withdrawn, and the solution filtered in a 
stream of dry air. Recrystallised from light petroleum, the hard, white crystals melted at 71° 
(Found: Cl, 12-3. C,,H,,Cl requires Cl, 12-1%). (6) The finely powdered carbinol (2 g.) was 
suspended in dry light petroleum (2—3 c.c.) and treated with acetyl chloride (2 c.c.); the 
mixture was maintained near the b. p. for 15—20 mins. After standing for several days, the 
triarylmethyl chloride was deposited, and was purified as described above. The first method 
is more convenient for preparation of the pure material. 

2 : 5-Dimethyliriphenylmethyl Chloride.—A solution of the carbinol (5 g.) in 25 c.c. of dry ether 
was saturated with hydrogen chloride in the presence of calcium chloride as described above. 
The triarylmethyl chloride separated very rapidly, and was obtained perfectly white after 
recrystallisation from ether—benzene; m. p. 128-5° (Found: Cl, 11-5. C,,;H,,Cl requires Cl, 
11-6%). This chloride forms addition compounds with zinc chloride and ferric chloride, and 
the halochromism is more pronounced than in the corresponding derivatives of diphenyl-m-tolyl- 
methyl chloride. 

In the following experiments, the triarylmethyl chlorides were always freshly prepared, and 
stored in desiccators charged with sulphuric acid or calcium chloride together with soda—lime 
for the removal of acid vapours and freshly-activated silica gel for the removal of solvent vapours. 

Conductivity in Liquid Sulphur Dioxide.—The fact that triphenylmethyl chloride dissolves 
in liquid sulphur dioxide to form a yellow, conducting solution was reported independently by 
Gomberg (Ber., 1902, 35, 2402) and Walden (ibid., p. 2018). Although further measurements 
have been made by Gomberg and his collaborators (ibid., 1903, 36, 3928; J. Amer. Chem. Soc., 
1922, 44, 1818; 1923, 45, 206) and by Straus and Dutzmann (/. pr. Chem., 1921, 103, 66), the 
data are not sufficiently extensive to permit of any systematic correlation of the effects of 
various substituents on the conductivity of triarylmethyl chlorides. We have therefore 
measured the conductivity of the methyltriphenylmethy] chlorides in order to trace the influence 
of orientation. 

The conductivity vessel consisted of a stout, graduated cylinder provided with a stopper 
through which passed glass tubes holding the electrodes. The stopper also carried a long inlet 
tube and a short outlet tube with stopcocks for charging the vessel with sulphur dioxide. The 
platinum electrodes (2 cm. in diameter) were separated by a distance of 5 mm., and the cell 
constant was determined with 0-02N-potassium chloride. 
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The cell was charged with solvent by immersing it in a freezing mixture at — 15° and leading 
into the vessel a slow stream of sulphur dioxide dried by passage through a 70-cm. column of 
fresh phosphoric oxide. After condensation of the requisite volume of liquid, the cell was 
immersed in a Dewar flask charged with liquid sulphur dioxide at the b. p. (— 10°). The 
measurements were carried out with a standard conductivity bridge and a shielded valve oscil- 
lator (Cambridge Instrument Co.). The results are appended in the following table, where v 
is the dilution in litres and A is the equivalent conductivity. 


Triphenylmethyl {5 gocene cee peqece ° 274-6 . 29-20 

chloride Ba cevcccscecee 27-92 ° 10-88 
Diphenyl-o-tolylmethyl { © scschocdantinges : 511-8 , 40-68 

chloride A: ccetednepete , 78-12 ° 47-46 
Diphenyl-m-tolylmethyl 1 eepocecon nesses ° 329-1 . 38-20 

chloride Te. ‘soeasnaguaee ° 45-04 19-37 
Diphenyl-p-tolylmethyl fv ....+....+00++ <! 103-1 . 20-43 

chloride BD.  scviccesesece S 71-25 . 46-61 
2 : 5-Dimethyltriphenyl- f? sterbserpbeepene ° 222-6 ° 30-28 22-76 

methyl chloride A 79-56 . 56-54 54-94 


The orange solutions of these methyltriphenylmethy] derivatives are more conducting than the 
yellow solution of triphenylmethy] chloride, and the influence of orientation may be expressed : 
p>o>m. 


Methyliriphenylmethyls. 

Isomerisation of the Free Radicals.—Solutions of diphenyl-p-tolylmethy] lose their colour on 
standing in the dark (Gomberg, Ber., 1904, 37, 1632) owing to isomerisation of the radical and 
formation of colourless, saturated derivatives. 

In our search for methyl-substituted radicals 
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necessary to have available a method of in- 
vestigating the radical in an isolated system. 
With this end in view we have examined the 
applicability of photoelectric methods of measuring 
slight colour changes in free-radical solutions. 
The apparatus is shown schematically in the 
diagram, where A is a 60-watt Osram lamp, B 
a convex lens, C a metal shutter, D an optically 
polished all-glass cell (2 cm. long) containing a 
standard solution of malachite-green, and E a 
similar cell charged with the free-radical solution 
(0-5% concn.) under study. The photoelectric cell 
F (Westinghouse “ Blue-green ’’ copper-—cuprous 
oxide type) was connected to a sensitive galvano- 
meter G. Since the radicals under investigation 
are yellow or reddish-yellow, light passing through 
the green-blue filter and the yellow radical solution 
produces little output from the photoelectric cell. 
When, however, the radical solution begins to lose 
colour, the solution will pass more green-blue light, 
which produces a corresponding output from the 
cell. Accordingly, the photo-current registered by 
the galvanometer furnishes a measure of the change of colour. Obviously, if the solution of the 

radical is stable, the photo-current will remain constant. This method applied to triphenyl- 

methyl showed that this radical does not undergo appreciable isomerisation in benzene at room 

temperature. The results obtained with diphenyl-p-tolylmethyl are represented graphically 

in the diagram, and it is evident that the methyl group in the p-position induces fairly rapid | 
isomerisation of the radical. 

A simpler and more convenient method of detecting constitutional changes in the radical 
system is furnished by tintometric observations of the colour of the solution. In applying this 
method, the radical solution was prepared by reduction of a benzene solution of the pure 
triarylmethyl chloride by molecular silver in a sintered-glass filter through which a stream of 
oxygen-free nitrogen passed upwards. When reduction was complete, the stream of nitrogen 
was diverted to the top of the filter so that the solution was forced into a constricted tube, which 
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was then sealed in a small blowpipe flame. The solution was kept in the dark until required 
for examination. The colour values in Lovibond units are recorded in the following table. 


Colour of original solution. Colour after 4 days. 








a 


Yellow. Red. 
Triphenylmethy]  .........cscccecesceeeeeceeceeeeeens 
Diphenyl-o-tolylmethyl | Speers ee peo ne 
Diphenyl-m-tolylmethy]  ...........eseeeseceeeeeees 
Diphenyl-p-tolylmethyl ...... 
2: 6-Dimethyltriphenylmethy] 

This method can be used for estimating the rate of isomerisation and for ascertaining whether 
the molecular weight of the radical system can be determined by the application of ordinary 
cryoscopic methods. The results indicate that isomerisation is most rapid in the case of 
diphenyl-p-tolylmethyl; with the exception of the m-derivative, the other radicals isomerise 
relatively slowly. 

Reaction with Oxygen.—The volume of oxygen absorbed by freshly prepared solutions of the 
radicals in bromobenzene was determined at 20° by means of the apparatus described in Part X. 
The results of typical experiments are given below, volumes being corrected to N.T.P. The 


Diphenyl-m-tolylmethyl. 
— of diphenyl-m-tolylmethyl chloride = 0-404 g. 


THO THOCB.) - ccccvcpescraccscscsce §EB 50 70 100 160 240 
O, absorbed, €.c.  .......eeeeeeee 47 8-5 11-3 12-1 12-9 13-1 
Absorption, % .......eeeeeeeeeee B04 55-0 73-1 78-1 83-4 84-7 


2 : 5-Dimethyltriphenylmethyl. 
Weight of 2 : 5-dimethyltriphenylmethyl chloride = 0-497 g. 
THMO (OCB) _ ccccccccsccscnccsooss EB 40 60 120 360 
O, absorbed, C.c.  .........00002. 88 12-7 15-7 17-6 17:7 
Absorption, %  .......0....00000. 48°5 69-9 86-4 96-9 97-5 
rate of absorption is similar to that found for triphenylmethyl, but the total amount absorbed 
is slightly lower. 

Diphenyl-m-tolylmethyl Peroxide——An ethereal solution of the chloride was shaken with 
excess molecular silver in a sealed tube protected from light. When reduction was complete, 
the clear orange solution of the free radical was rapidly siphoned into another vessel, where it 
was oxidised by a current of air. Although the solution was not completely decolorised as in 
the case of triphenylmethyl, the peroxide was deposited in fine white crystals, m. p. 155°; yield 
36% (Found: C, 88-1; H, 6-4. Cy gH,,0, requires C, 87-9; H, 6-2%). 

2 : 5-Dimethyliviphenylmethyl Peroxide.—The solution of the chloride was reduced by excess 
mercury as described above. On oxidation of the radical, the solution was rapidly decolorised, 
and the peroxide was precipitated as a fine powder; purified by rapid recrystallisation from hot 
carbon disulphide, it melted at 157°; yield 78% (Found: C, 87-9; H, 6-6. C,,H;,0, requires 
C, 87-8; H, 6-6%). 

Reaction with Iodine.—Titration of the free-radical solution with a standard solution of 
iodine in benzene under an atmosphere of nitrogen at 19° showed that diphenyl-m-tolylmethyl 
absorbed 40-5% and 2 : 5-dimethyltriphenylmethy] 59-5% of the theoretical value for one atomic 
equivalent. The corresponding absorptions for other radicals are: triphenylmethyl 70%, 
m-methoxytriphenylmethyl 60%, and 2: 5-dimethoxytriphenylmethyl 53%. If, therefore, 
we assume that the rate of isomerisation of the methyl-substituted radicals is not increased by 
the presence of iodine, it follows that the methyltriphenylmethyl iodides are dissociated to a 
greater extent than the iodides of triphenylmethyl and the methoxytriphenylmethyls. 

Unimolecular Stability of the Radicals ——The molecular-weight determinations were carried 
out according to the procedure described in Part X with due regard to the precautions for 
minimising isomerisation. 

Diphenyl-m-tolylmethyl. 
Molecular weight of tetraphenyldi-m-tolylethane = 514. 


per a diphenyl-m-tolylmethyl = 257. 
Benzene, K = 52-5°. 
Weight of Concn. of Unimolecular 
Solvent, g. chloride, g. radical, %. A. : stability, %. 
181 - 0-5306 2-8 0-312° ° 18-6 
_ 0-6754 3-3 0-410 ; 22-4 
18-0 0-5536 2-8 0-342 . 24-6 
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2 : 5-Dimethyltriphenylmethyl. 
Molecular weight of 2: 5: 2’ : 5’’’-tetramethylhexaphenylethane = 542. 
es a 2 : 5-dimethyltriphenylmethyl = 271. 
“Weight of Concn. of Unimolecular 
Solvent, g. chloride, g. radical, %. A. M. stability, %. 
18-0 0-2551 1-3 0-151° 433-2 25-2 
0-4301 ° 0-253 436-0 24-9 
0-5153 ° 0-304 434-7 24-8 
18-1 0-3032 . 0-179 434-5 24-8 
0-4496 Yi 0-257 448-8 20-8 
18-1 0-5696 0-331 441-6 22-8 
0-7954 3- 9 0-471 433-3 25-2 


At the conclusion of the determinations the solution was filtered from silver and silver 
chloride and oxidised by a current of air. The fact that 2: 5-dimethyltriphenylmethyl was 
recovered in the form of peroxide in even higher yield (average 77%) than triphenylmethyl 
under similar conditions indicates that the radical does not suffer appreciable isomerisation 
during the period required for the cryoscopic measurements. As expected from the preliminary 
experiments, the results for diphenyl-m-tolylmethyl were more variable and the yield of peroxide 
was lower. 

Isolation of the Associated Radicals.—The bright yellow solution of diphenyl-m-tolylmethyl 
in benzene was transferred to the isolation apparatus described in Part II (J., 1939, 33), and 
evaporated to small bulk at 40° under reduced pressure in a slow stream of carbon dioxide. 
The concentrated solution showed no tendency to crystallise on cooling, and the radical remained 
as a yellow oil on removal of the solvent. The oil dissolved readily in warm acetone, ether, and 
light petroleum, but the solutions did not crystallise even after prolonged application of the 
devices normally employed for inducing crystallisation of radical solutions. The ethereal 
solution was finally treated with oxygen in order to obtain the peroxide. In similar experi- 
ments with 2 : 5-dimethyltriphenylmethyl, the radical was isolated as a light red oil, which gave 
the peroxide on oxidation. 

The fact that the radicals showed little tendency to crystallise is reminiscent of the behaviour 
of certain methoxytriphenylmethyls which, though isolated only as oils, are chemically stable 
and may be investigated in solution by the usual physicochemical methods. 


We are indebted to Professor C. K. Ingold, F.R.S., for much helpful discussion of the wave 
mechanical aspects of substitution in the triarylmethyls (Part X and XI). 


TATEM LABORATORIES, UNIVERSITY COLLEGE, CARDIFF. [Received, June 29th, 1940.] 





233. Free Radicals and Radical Stability. Part XII. Fluorotriphenyl- 
methyl and the Reactivity of Halogen Substituents in Free Radicals. 


By Sypney T. BowpEn and THomas F. WATKINS. 


A study has been made of the reactivity of fluorine in triphenylmethy] fluoride and 
fluorotriphenylmethyl for the purpose of comparing the aliphatic and aromatic C-F 
linkages and of ascertaining the influence of the free electron. 

p-Fluorine increases the basicity of triphenylcarbinol and enhances the halochromism 
of the salts. It also raises the decomposition temperature of triphenylmethyl formate 
by about 30°. Measurements of the rate of decomposition of p-fluorotriphenylmethyl 
formate at 90° show that the reaction proceeds in normal manner to produce a good yield 
of the corresponding methane. 

Fluorotriphenylmethyl has been isolated in the solid state. The reaction of the 
radical with oxygen has been examined, and the primary peroxide isolated. Tintometric 
measurements show that solutions of the radical change colour on standing in the dark. 
The amount of oxygen absorbed also decreases with the age of the radical system. This 
is shown to be due to isomerisation. 

Agitation of the freshly prepared primary radical with molecular silver leads to 
the partial removal of fluorine and the formation of a secondary radical. This proves 
that the halogen atom in the aromatic C-F linkage of the free radical is more reactive 
than in the aliphatic C-F linkage of triphenylmethy] fluoride, whereas the opposite is true 
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for the corresponding C—Br linkages. This behaviour is discussed from the standpoint 
of the quinonoid hypothesis, and an explanation based on the free-electron effect is pro- 
posed. Nuclear fluorine may also be replaced by sulphate on shaking nitrobenzene 
solutions of fluorotriphenylmethy] chloride with silver sulphate, and this is interpreted 
in terms of an ionic mechanism. 

Rough estimates of the molecular weight of the radical:system in benzene at the 
freezing point show that p-fluorine increases the unimolecular stability. 


FREE radicals containing chlorine, bromine, or iodine in one or more of the phenyl groups of 
triphenylmethyl were obtained by Gomberg and his co-workers (Ber., 1904, 37, 1633; 
1906, 39, 3278; J. Amer. Chem. Soc., 1923, 45, 1765), but owing’to their peculiar properties 
the radicals could not be isolated from solution nor could their molecular weights be deter- 
mined by the customary indirect cryoscopic methods. 

When a solution of -bromotriphenylmethyl] chloride is shaken with excess molecular 
silver, the metal effects rapid removal of all the chlorine and slow removal of part of the 
nuclear bromine. This reactivity of nuclear bromine is remarkable inasmuch as no bromine 
is removed from compounds of the type C,H,Br-CPh,X, where X = H, OH, or OCHs. 
Still more remarkable, perhaps, is the fact that only one-half of the total amount of nuclear 
bromine is removed when X = Clor Br. To account for this behaviour Gomberg postulated 
the tautomerisation of the primary radical to.a quinonoid form, which then combined with 

the benzenoid radical to produce a bimolecular com- 

= yee pound (I) from which one only of the two bromine atoms 

CPhi-€ *< is removed by metals. According to Gomberg, the 

_ CPhy-< "Br bromine atom* simulates an aliphatically combined 

(I.) atom and must therefore differ in function from the 

‘aromatic bromine.” The latter atom resists attack by 

silver while the former is removed to produce a secondary radical. Although the 

secondary radical cannot be isolated, its presence is proved by the fact that it forms a 

characteristic peroxide. The theory finds further confirmation in the behaviour of 

p-bromodiphenyl-l-naphthylmethyl and diphenyl-4-bromo-l-naphthylmethyl chlorides 

which lose half the nuclear bromine, and in the behaviour of di-p-bromo- and tri-p-bromo- 
derivatives of triphenylmethyl which lose ? and { of the bromine, respectively. 

The reactivity of the fluorine atom in triarylmethane derivatives was first examined by 
Blicke (J. Amer. Chem. Soc., 1924, 36, 1515), who found that triphenylmethyl fluoride, 
unlike the corresponding chloride and bromide, is a remarkably stable compound from 
which not a trace of fluorine is removed even on prolonged boiling of the benzene solution 
with molecular silver. Since, moreover, the fluoride shows little tendency to hydrolyse, it 
is evident that the simple aliphatic C-F linkage is extremely strong in these derivatives. 
The fact that the fluorine atom is not removed by silver makes it reasonable to suppose 
that it would be still less subject to attack when present as a nuclear substituent. In other 
words, #-fluorotriphenylmethyl should be stable towards silver and no secondary radical 
would be produced. If such is actually the case, it should be possible to determine the 
molecular weight of the system and thus ascertain the influence of the halogen on the 
unimolecular stability of the radical. 

The basicity of p-fluorotriphenylcarbinol, as measured by Baeyer’s method, is nearly 
twice that of triphenylcarbinol. The presence of halogen substituents also enhances the 
halochromic properties, and the salts derived from the fluoro-derivative are reddish-yellow, 
whereas those corresponding to the bromo-substituted carbinol are yellowish-red. The 
behaviour of heated solutions of p-fluorotriphenylmethyl formate indicates that the fluorine 
atom increases the thermal stability of the salt. Whereas triphenylmethyl formate evolves 
46% of the theoretical amount of carbon dioxide in 30 mins. at 77°, not a trace of the gas 
is evolved from the fluoro-derivative under these conditions. At 100°, however, the 
decomposition of the latter takes place rapidly, and a high yield of fluorotriphenylmethane 
may be isolated when the solution is nearly decolorised. 

Certain substituents promote internal instability of radical systems and increase the 
tendency to isomerisation or disproportionation with the formation of colourless saturated 
derivatives. Owing to these phenomena and the destruction of the free radical during the 
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concentration of the solution, it is generally impossible to isolate the corresponding hexa- 
arylethane in the solid state. In the case of the halogenotriphenylmethyls hitherto 
examined, there is the further complication arising from the reactivity of the nuclear sub- 
stituent towards silver and the formation of a secondary radical with a unimolecular stability 
entirely different from that of the original free radical. A priori considerations would 
suggest that these complications would be much less evident in the fluoro-substituted 
radical owing to the lower polarisability of the fluorine atom and its low reactivity in 
triphenylmethy] fluoride. 

p-Fluorotriphenylmethyl may be prepared by the reduction of the corresponding 
chloride by means of silver or mercury, and the solutions are bright yellow. The influence 
of substituents on the colour of the free radical in 2% benzene solution is shown in the 
following table. In the halogenotriphenylmethyls, it is evident that the colour is displaced 


Radical. Colour. Radical. Colour. 
Triphenylmethyl .. see Yellow p-lodotriphenylmethyl ......... Orange 
p- -Fluorotriphenylmethyl _ smmngh Bright yellow p-Methyltriphenylmethy] ...... Yellow 
p-Chlorotriphenylmethyl ...... Bright yellow p-Methoxytriphenylmethyl ... Orange-yellow 
p-Bromotriphenylmethyl ...... Orange 


towards the red with increasing polarisability of the substituent. Actually, the colour 
differences are more pronounced in more concentrated solutions. 
































0 3 Time, days. 6 9 


Freshly prepared solutions of p-fluorotriphenylmethy]l in organic solvents react rapidly 
with oxygen, and the colour is largely but not completely discharged during the process. 
Nearly 1 mol. of oxygen is absorbed in a few minutes, and the normal peroxide 
CPh,(C,H,F)-O-O-CPh,(C,H,F) can be isolated as a white crystalline solid. In the presence 
of silver, however, the reddish-yellow solution of fluorotriphenylmethyl becomes pale yellow 


after standing for several days in the dark. The colour change, which can be followed by - 


tintometric observations, is due to an inherent isomerisation process or to the formation of 
a secondary radical through the removal of fluorine by the metal. 

The effect of shaking solutions of the radical with excess molecular silver was examined 
by measuring the amount of oxygen absorbed by the systems and by estimating the amount 
of silver fluoride produced. As shown by the dotted curves in the diagram, Gomberg and 
Blicke (J. Amer. Chem. Soc., 1923, 45, 1768) found that approximately 50% of the nuclear 
bromine is removed from p-bromotriphenylmethyl when it is shaken with silver for several 
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days, and that the amount of oxygen absorbed falls to correspond finally with that required 
for the oxidation of the secondary radical. Fluorine is also removed by similar treatment 
of p-fluorotriphenylmethyl, and if we adopt the quinonoid hypothesis, the reactions may be 
represented by the scheme : 


se, as eet 
a . x ~~ x. % F 
— "a it. 
(Vv.) 


The reduction of the chloride (II) yields the benzenoid form of the primary radical (III) and 
the corresponding quinonoid modification (IV). The two forms of the radical unite to 
produce the bimolecular derivative (V), from which the fluorine atom attached to the 
quinonoid ring is removed by the action of silver. This leads to the formation of the 
secondary radical (VI) and the corresponding benzenoid modification (VII). The explan- 
ation of the behaviour of #-bromotriphenylmethyl is based on the assumption that the 
bromine atom in the bimolecular compound analogous to (V) should function as though it 
were linked to “ an aliphatic rather than an aromatic carbon atom and should therefore be 
removable by silver.’ This is in harmony with the fact that the reactivity of the halogen 
in triphenylmethyl bromide is greater than in bromotriphenylmethyl. However, for 
compounds containing fluorine, this interpretation is untenable, since the reactivity of 
fluorine is greater in fluorotriphenylmethyl] than in triphenylmethy] fluoride. 

The reactivity of free radicals, as exemplified in dimerisation, oxidation, and other 
addition processes, is generally referred to the tendency of the tervalent carbon atom to 
complete its octet by direct sharing with external atoms. The behaviour of the halogeno- 
triphenylmethyls, however, raises the question of the reactivity of the other atoms of the 
complex which are functioning with their normal valency. In view of the fact that the 
halogen atom X in the free radical -CPh,°C,H,X is removed by silver while the saturated 
compounds CHPh,°C,H,X, CPh,(OH)-C,H,X, and CPh,F-C,H,X are unattacked, it is clear 
that the presence of the free electron on the methyl carbon atom leads to (a) a redistribution 
of.the electron density, so that certain other atoms of the radical exhibit enhanced reactivity, 
or (b) the formation of some kind of bimolecular compound in which the reactivity of certain 
atoms is greater than normal owing to some other cause. Since the bimolecular compound 
must perforce be a saturated compound, and since the explanations hitherto proposed 
cannot be applied to derivatives containing fluorine, we favour the hypothesis based on the 
free-electron effect and the enhancement of reactivity through the redistribution of electron 
density. The reaction may proceed through unimolecular quinonoid. forms but may for 
simplicity be represented : 


Ph Ph h h 
KOE tt KOE > KOOL 
Ph NY Ph Ph 


Ph 


This interpretation covers equally well the behaviour of all bromo-substituted triarylmethyls 
and accounts for the maximum percentage of halogen actually removed by silver. In- 
cidentally, the free-electron effect is doubtless responsible for the intramolecular changes 
(isomerisation, disproportionation, and photodecomposition) which are characteristic of 
many triarylmethyl systems. Several of the reactions involved in the pyrolysis of aliphatic 
derivatives likewise indicate that this effect is operative in short-lived radicals. The effect 
is therefore a general one in all neutral polyatomic systems containing an unpaired electron, 
and its significance is further apparent from the wave-mechanical standpoint. 

As shown in the diagram, less than 20% of the halogen is removed from #-fluorotri- 
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phenylmethy] by silver in 10 days. Since the completion of the present work, Bacon and 
Gardner (J. Org. Chem., 1938, 3, 281) have reported similar results, and so it might be con- 
cluded that the reactivity of halogen is lower in #-fluorotriphenylmethyl than in p-bromo- 
triphenylmethyl. Actually, however, the present experiments do not allow of a comparison 
of the reactivities. This is clear from the fact that the absorption of oxygen does not corre- 
spond to the amount of fluorine removed and is much lower than would be shown by a 
mixture of the primary and secondary radicals alone. It follows therefore that the system 
also contains isomerisation or disproportionation products which do not react with oxygen. 
Experiments with solutions of -fluorotriphenylmethy] in the absence of silver showed that 
the amount of oxygen absorbed decreases with the age of the system. Since disproportion- 
ation would not be expected to occur at room temperature, it may be concluded that the 
primary radical forms an isomerisation product which is not attacked by silver. 

The polarisability of the halogens increases rapidly in the sequence F<C1<Br<I, and 
this is also the general order of reactivity as exemplified by the thermal and photochemical 
dissociation of the hydrogen halides. In connexion with the general polar effects of halo- 
gens, the behaviour of #-fluorotriphenylmethy] chloride towards silver sulphate is of interest, 
since the bromine in p-bromotriphenylmethy] chloride is wholly replaced by SO, in suitable 
solvent media (Gomberg, Ber., 1907, 40, 1852). We find that fluorine is also replaced in the 
same way on shaking a nitrobenzene solution of p-fluorotriphenylmethy] chloride with silver 
sulphate, and that hydrolysis of the reaction mixture yields p-hydroxytriphenylcarbinol : 


380," ~ 


The reactions may proceed through quinonoid phases, but the ionic mechanism is doubtless 
operative since the triarylmethy] sulphates, unlike the corresponding chlorides, are typical 
halochromic salts. The reactivity of nuclear fluorine in this case is due to the fact that it 
forms part of the triarylmethyl cation. On hydrolysis of the sulphate the colour is 
destroyed with formation of the homopolar carbinol. It is noteworthy that Bacon and 
Gardner (loc. cit.) found that p-fluorotriphenylmethyl chloride undergoes partial rearrange- 
ment in liquid sulphur dioxide, and that prolonged shaking with silver chloride is without 
appreciable effect. 

With regard to the influence of fluorine on the unimolecular stability of the neutral 
radical, it is not easy to predict on wave-mechanical grounds whether #-fluorotriphenyl- 
methyl should have a higher or lower stability than triphenylmethy] itself. Apart from the 
number of factors involved, it is not possible to foretell whether the anomalous behaviour of 
fluorine in saturated derivatives would likewise be observable in the free radical. On the 
experimental side, accurate measurement of the radical stability is not possible owing to 
secondary reactions, but these may be largely avoided by carrying out the cryoscopic 
determinations as rapidly as possible. Rough estimates made in this way show that the 
unimolecular stability is about 20% in 2% benzene solution at the freezing point. The 
causes relating to the stabilising influences of p-fluorine and o-methyl (Part X; this vol., 
p. 883) must of course be different and the agreement in the observed values of the stability 
is fortuitous. 

The radical may be obtained in the solid state by usirig rapid methods of isolation. 


EXPERIMENTAL. 
Halogenotriphenylcarbinols. 


Alkyl p-Fluorobenzoates.—p-Fluorobenzoic acid was prepared in good yield by the method of 
Schiemann and Winkelmiiller (Organic Syntheses, 1933, 13, 52) and was converted into the methyl 
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ester by means of methyl] alcohol and hydrogen chloride (Meyer, Monatsh., 1910, 31, 935). The 
ester, which is readily volatile with the alcohol, was obtained pure by repeated fractionation ; 
b. p. 195—197°. The ethyl ester, similarly prepared, was obtained as an oil solidifying at 26°. 
It was finally purified by steam distillation, followed by fractionation under reduced pressure. 
The pure material had b. p. 140°/12 mm. (Schmidt and Gehren, J. pr. Chem., 1870, 1, 400). 

p-Fluorotriphenylcarbinol.—A filtered solution of phenylmagnesium bromide [from bromo- 
benzene (95 g.) and excess magnesium] was treated with a solution of ethyl p-fluorobenzoate 
(38 g.) in ether (100 c.c.) and then heated on the steam-bath for 5 hours. The mixture was 
decomposed with ice and sulphuric acid, and the ethereal solution washed and dried. After 
removal of the ether, steam was passed through the residual oil until it solidified on cooling. 
After three recrystallisations from ligroin, the carbinol was obtained in perfectly white crystals 
(51 g.), m. p. 121—122° (Found: C, 82-5; H, 5-2. C,,H,,OF requires C, 82-2; H, 5-3%). 
The carbinol was also prepared similarly from methyl fluorobenzoate, but the yield was appre- 
ciably lower. The above method is superior to that described by Bacon and Gardner (loc. cit.), 
who used p-fluorobenzophenone and phenylmagnesium bromide and obtained a low yield of 
impure carbinol for which no m. p. or analysis is given. The basicity of the carbinol as 
estimated by Baeyer’s method (see J., 1939, 36) is 1-9 (triphenylcarbinol = 1). In so far 
as the ~-position is concerned, the influence of substituents on the basicity is in the order 
CH,O>F>CH;3. 

p-Bromotriphenylcarbinol was prepared from ethyl p-bromobenzoate (Cone and Long, 
J. Amer. Chem. Soc., 1906, 28, 519) and purified by conversion into bromotriphenylmethyl 
chloride followed by hydrolysis, as recommended by Gomberg and Blicke (ibid., 1923, 45, 1770) ; 
m. p. 102°, 

For the purpose of comparing the halochromic properties, solutions of the carbinols in pure 
concentrated sulphuric acid were examined tintometrically in a Lovibond cell (1 x 1 cm.) 
provided with a lightly greased cover-slip to exclude atmospheric moisture. The results for 
two dilutions are given below : 


Colour values of triarylmethyl salts. 


10-5 Millimols, per c.c. 10° Millimols. per c.c. 
Triphenylmethy]  ..........s.seeeeeeeeeeeceeeee 2-2 yellow 29 yellow; 0-1 red 
p- uorotriphenylmethyl .. whivewassosoe 1-6 yellow 27-2 yellow; 1-7 red; 3-0 neutral 
p-Bromotriphenylmethy] .. senpeenighnnee 1-7 yellow 29-9 yellow; 4-1 red; 3-1 neutral 


These results reveal that in very dilute solution the halochromism is diminished in the sub- 
stituted derivatives. In.the more concentrated solutions, however, the halochromism is 
markedly increased by the halogen substituents and in the order of their polarisability. 

p-Fluorotriphenylmethyl Chloride.—The dry, finely powdered carbinol (5 g.) was suspended 
in ether, and the mixture saturated with hydrogen chloride. The carbinol dissolved to form a 
yellow solution, and p-fluorotriphenylmethy] chloride was deposited as yellowish-brown crystals. 
The filtrate was kept over a few lumps of anhydrous calcium chloride, and the solution was 
then concentrated to obtain a further quantity of the fluoro-derivative. The compound was 
obtained pure by recrystallisation from light petroleum; the colourless crystals melted at 
91—92°. Bacon and Gardner (loc. cit.) record m. p. 90—91° for material prepared in benzene 
solution (Found: Cl, 11-8. Calc. for C,,H,,FCl: Cl, 11-8%). 

The substance exhibits the normal halochromic properties of triarylmethyl chlorides, and 
on treatment with ethereal solutions of zinc chloride and ferric chloride forms yellowish-red 
addition compounds, which are obtained as oils at ordinary temperature and are readily 
hydrolysed with regeneration of the carbinol. 

Thermal Stability of p-Fluorotriphenylmethyl Formate.—The addition of the carbinol to 
anhydrous formic acid leads to formation of a yellow solution of -fluorotriphenylmethyl 
formate. The thermal stability of the salt was examined by observing the temperature at 
which carbon dioxide was evolved from the system in the apparatus previously described (Part 
VIII, this vol., p. 878). The decomposition temperature was found to be 79°, compared with 
49° for triphenylmethyl formate. The reducibilities of these derivatives were compared by 
measuring the rate of evolution of carbon dioxide at 90°. In the following table the volumes 
refer to N.T.P. 


Triphenylmethyl Formate. 


Wt. of carbinol = 0-8125 g. Theoretical ra of CO, = 70 c.c. 


Time (mins.) 1 2 ae ee Bae 8 10 15 2 30 
CO, evolved (c.c.) ... 78 167 23-7 293 33-4 35:3 at 38-6 403 43-5 45-0 45-0 
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p-Fluorotriphenylmethyl Formate. 
Wt. of carbinol = 0-8662 g. Theoretical evolution of CO, = 70 c.c. 

Time (mins.) 1 2 3 4 5 6 7 8 10 15 20 30 
CO, evolved (c.c.) ... 1:7 12-9 22-9 31:0 36:4 39:7 43:4 447 47-2 50-7 523 53-6 

Although the temperature of incipient decomposition of fluorotriphenylmethyl formate is 
higher than that of the unsubstituted derivative, it is evident that apart from the early stages 
the speed of reduction at 90° is greater for the fluoro-derivative. The figures, however, actually 
indicate the thermal behaviour of formates in the presence of the water produced initially 
through salt-formation and accordingly reflect the effects arising from the different hydro- 
lysability of the two formates. These, however, are the conditions which obtain in the prepar- 
ation of triarylmethanes, and it is evident that the method is a suitable one for the reduction of 
fluorotriphenylcarbinol. 

. The Halogenotriphenylmethyl Radicals. 


Reaction of Primary Radicals with Oxygen.—The absorption of oxygen by the nascent radical 
and by the radical which had stood for various periods was measured in the apparatus previously 
described (Part X). The experiments were carried out at 17-5°, and the system was adequately 
protected from light to avoid photodecomposition. The results of typical experiments are 
recorded below. 

Experiment 1. Reducing metal: mercury, 10 g. Wt. of p-fluorotriphenylmethyl chloride, 
0-3008 g. Materials agitated for 6 hours in sealed tube and allowed to stand for 12 hours, 


TE MEE. _ svectosgnnccctintnenens 5 25 85 120 
O, absorbed, €.c. ...eseeeeeeeeees 49 5-3 5-8 6-1 6-2 
Absorption, % .......ccccseeeeeeees 41-0 46-8 50-8 53-5 54-8 
Similar experiments with triphenylmethy] chloride showed that there is a very rapid absorp- 
tion amounting to 97-4% of the theoretical value corresponding to the formation of the simple 
peroxide. The low value for the fluoro-derivative may be due to the formation of a secondary 
radical in the presence of mercury, or to isomerisation. These alternatives were examined by 
estimating the amount of metal fluoride, as described later. 
Experiment 2. Reducing metal: molecular silver, 3 g. Wt. of p-fluorotriphenylmethyl 
chloride, 0-7665 g. The reduction was carried out in situ in the absorption apparatus, so that 
the primary radical was oxidised as it was produced in the system. 


Re. cnrieaeenei oll 4 6 12 20 30 
O, absorbed, €.C. ceecessseeseeee 141 24-1 26-3 27-5 27-9 28-0 
Absorption, % ......esseseee-e2 48°68 83-1 90-4 95-6 95-9 96-4 


The reduction of fluorotriphenylmethy] chloride is rapid, but the speed is naturally dependent 
on the state of division of the silver and the degree of agitation. The oxygen absorbed corre- 
sponds fairly closely to the theoretical value when the radical is oxidised as soon as it is formed 
in solution. It follows, therefore, that the rate of oxidation is much higher than the rate of 
formation of the secondary radical or the rate of isomerisation. 

Experiment 3. Reducing metal: molecular silver, 3 g. Wt. of p-fluorotriphenylmethyl 
chloride, 0-7545 g. The radical solution was allowed to stand for 30 mins. before the oxygen 
absorption was measured. 


Time, mins, .....ss0.ceesesees 2 3 4 5 10 20 30 
O, absorbed, c.c. 4- 24-6 25-3 25-7 25-8 26-2 26-9 27-4 
Absorption, % ....ccc0c0. 52 86-4 888 902 905 919 944 96-2 


Similar experiments with ~-bromotriphenylmethyl showed that 94:2% of the amount of 
oxygen corresponding to normal peroxide formation is absorbed in 10 mins. The volume of 
oxygen absorbed by freshly prepared halogenotriphenylmethyls is slightly lower than that found 
in the case of triphenylmethyl and the methoxytriphenylmethyls (J., 1939, 36). It is clear, 
however, that reactions involving isomerisation or the removal of nuclear halogen do not proceed 
to any great extent during the periods under consideration. 


p-Fluorotriphenylmethyl Peroxide.—p-Floorotriphenylmethyl chloride (2 g.) in dry ether 
(10 c.c.) was shaken with molecular silver (3 g.) in a stoppered tube for 30 minutes. The reddish- 
yellow solution of the free radical was filtered from silver chloride and unchanged metal, and was 
oxidised by a stream of air. In contrast to the behaviour of triphenylmethyl systems, the 
solution was not completely decolorised during the process, and the peroxide was deposited as 
a pale yellow microcrystalline solid on concentration to half-bulk. The peroxide was obtained 
40 
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free from colour by rapid recrystallisation from carbon disulphide, and melted at 169° (Found : 
C, 82-5; H, 5:1. C,,H,,0O,F, requires C, 82-3; H, 5-1%). The yield was 65%, and the com- 
pound is unusual in that it becomes slightly yellow on standing in a desiccator for some days. 
The freshly prepared peroxide gives a reddish-yellow solution with concentrated sulphuric acid, 
but there appears to be no action with anhydrous formic acid. 

Colour Changes in the Free-vadical Solution.—In order to obtain more precise information as 
to the colour changes in the primary radical—silver system, the solution was examined at intervals 
by means of a tintometer. The following results refer to a 2% benzene solution of p-fluoro- 
triphenylmethyl in the presence of a five-fold excess of molecular silver. The system was kept 
in the dark, and the colour values determined in Lovibond units: 20 mins., 20-1 yellow, 2-2 red, 
0-3 blue; 18 hrs., 20-0 yellow, 1-2 red; 2 days, 20-0 yellow, 0-9 red; 4 days, 20-0 yellow; 12 
days, 18-0 yellow. The change of colour is comparatively slight, and so it may be concluded 
that the process of isomerisation involving the formation of colourless compounds is a slow 
reaction at room temperature. Since, moreover, other experiments reveaf the formation of the 
secondary radical under these conditions, it is evident that the colour of this radical does not 
differ greatly from that of the primary radical. The change of colour appears to be more pro- 
nounced in other systems, and Gomberg and Blicke (loc. cit.) report that in the reduction of 
p-bromodiphenyl-a-naphthylmethyl chloride, the solution of the secondary radical is of indigo 
colour in contrast to the violet solution of the primary radical. 

Removal of Fluorine by Silver.—The action of molecular silver on the primary radical was 
investigated in two series of experiments involving the measurement of oxygen absorption 
and the determination of the amount of silver fluoride formed. In the first series of experiments 
a number of sealed tubes containing a known amount of -fluorotriphenylmethy]l in benzene 
solution and excess molecular silver were agitated in the dark on a rotary shaking machine for 
predetermined periods, and the oxygen absorption then determined for each system. The 
times recorded below are the periods for which the systems were shaken, and the percentage 

Time, hrs. ......scececeeceseee 0°33 1 4 12 24 48 72 

O, absorbed, oy. weacceccccscess |6SOG 91-1 68-6 61-0 35-8 22-0 20-6 
absorption refers to the final maximum value of the oxygen absorbed. The fall in the percentage 
absorption is more rapid and proceeds further than in the corresponding reaction between 
p-bromotriphenylmethy] and silver. 

In a second series of experiments, the presence of silver fluoride was proved by heating the 
mixture with 300 c.c. of water, filtering it from silver chloride and excess silver, and removing 
bromobenzene by steam-distillation. The clear solution thus obtained immediately decolorised 
the zirconium lake of purpurin. The fluoride was estimated by treating the solution with a 
large excess of a saturated solution of lead chloride, allowing the mixture to stand for 12 hours, 
and then filtering off the lead chlorofluoride. The precipitate was washed successively with 
lead chloride solution and water before it was dried at 120° (Starck, Z. anorg. Chem., 1911, 70, 
173). The results are summarised below. 


Thane, BEB. occ ccsvcccccccccseccccscese & 24 48 72 240 
F removed, % sesccccccscccescseese = 2°74 5-69 7-91 9-07 19-67 


It is clear that the fluorine atom is removed from the solution more slowly than the bromine 
atom from p-bromotriphenylmethyl, which suffers a 50% loss of halogen in 7 days. Since, 
however, the decrease in the amount of oxygen absorbed by the -fluorottiphenylmethyl-silver 
systems does not correspond to the amount of fluorine removed, it follows that the primary 
or secondary radical is unstable and undergoes isomerisation or disproportionation to yield 
substances which do not absorb oxygen. 

As a further confirmation, experiments were made with freshly prepared radical solutions 
which had been filtered through a fine sintered-glass filter in a stream of oxygen-free nitrogen. 
These solutions were hermetically sealed and kept in the dark for various periods before the 
oxygen absorption was measured. It was thus found that the total amount of oxygen absorbed 
was lower the longer the solution had been allowed to stand. This shows that it is the primary 
radical which undergoes isomerisation or disproportionation. Since the occurrence of dispropor- 
tionation is unlikely at these low temperatures, we may conclude that p-fluorotriphenylmethy] 
undergoes an independent isomerisation process. 

Replacement of Fluorine by Sulphate.—The effect of shaking’ solutions of p-fluorotripheny]- 
methyl chloride with silver sulphate was investigated according to Gomberg and Blicke’s pro- 
cedure"(/oc. cit.) for the bromo-derivative. Sealed tubes containing nitrobenzene solutions of 
the halide and powdered silver sulphate were shaken for different periods in a thermostat at 
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50°. After the specified period of shaking, each tube was opened, and the dark nitrobenzene 
solution filtered. The solid material was treated with water to dissolve the silver fluoride, and 
the latter was estimated as lead chlorofluoride. The results for four experiments were as follows : 


Period of agitation, hrs, .............. 24 48 72 80 ° 

F removed, %  c.ccccccssrseecsceceeeeeeee 28°02 §2-71 64-71 70-30 
The behaviour is thus similar to that of p-bromotriphenylmethy] chloride which loses 74% of the 
nuclear bromine under these conditions. 

The nitrobenzene solutions were extracted with 3% sodium hydroxide, and the extract 
neutralised with dilute acetic acid. The yellow solid which separated was identified as impure 
p-hydroxytriphenylcarbinol. 

Degree of Dissociation of Difluorohexaphenylethane.—The indirect method of molecular-weight 
determination (J., 1939, 37) cannot be applied in the ordinary manner owing to the occurrence 
of isomerisation and the formation of a secondary radical. However, a rough estimate of the 
dissociation was obtained by carrying out the reduction and the cryoscopic measurements as 
rapidly as possible. For this purpose sodium-dried benzene, pure p-fluorotriphenylmethyl 
chloride, and excess molecular silver were shaken under nitrogen in the cryoscopic vessel for 
15 minutes at room temperature and for the period necessary to cool the solution to the freezing 
point. The stirring was continued after each determination until two or three fairly concordant 
values for the depression were obtained. The results of a typical experiment are recorded 
below. 

Dissociation of Difiuorohexaphenylethane. 
Wt. of p-fluorotriphenylmethyl] chloride, 0-5196 g.; wt. of benzene, 18-1 g.; K for benzene, 
52-5°. 

Molecular weight of difluorohexaphenylethane, 522. 

pt »» »» Muorotriphenylmethyl, 261. 
Depression ...... esseccccses, “OSES” 0-328° 0-326° 0-323° 


Apparent molecular weight . ° 425-9 428-5 432-5 
Dissociation, % ......... pedccecceces ° 22-5 21-8 20-7 


Inasmuch as the determinations were completed within 2 hours, the amount of secondary 
radical produced in the solution was very small. Moreover, the occurrence of isomerisation 
(which would lead to a decrease in the measured dissociation) and of disproportionation (which 
would lead to a higher value for the observed dissociation) was slight, since these processes take 
place slowly under the present experimental conditions. The colour of the final solution was 
yellowish-red. 

Isolation of the Radical_—The general method of isolating radicals in the solid state (Part 
II, loc. cit., p. 33) was adopted, but in view of the changes suffered by the radical, special 
precautions were taken in order to carry out the various operations as rapidly as possible. 

The deep yellowish-red solution of the radical (prepared from a benzene solution of the 
chloride in 15 mins.) was filtered, and the solvent removed at 45° under reduced pressure in a 
stream of carbon dioxide. The residual dark red oil was dissolved in the minimum amount of 
acetone and kept at —16° for 30 mins. Since the solution did not crystallise, the acetone was 
removed at 35°, and the oil taken up in light petroleum. On cooling to —16°, the associated 
radical separated as a pale yellow crystalline mass. The mother-liquor was decanted, and the 
solid carefully washed with small amounts of cold light petroleum. It was dried at 35° and then 
at 50° under reduced pressure in a slow stream of carbon dioxide. During these operations, the 
solid became yellowish-brown, and more rigorous drying processes could not be applied. The 
m. p. of the substance in an evacuated capillary tube was not sharp; it liquefied, but not com- 
pletely, in the range 115—124°. It is evident therefore that the radical isolated in these experi- 
ments was contaminated with other products. That the radical was actually present, however, 
was proved by its conversion into the peroxide. 

Gomberg and Blicke (Joc. cit.) made several attempts to isolate p-bromotriphenylmethyl and 
p-bromodiphenyl-«-naphthylmethyl, but obtained oils which failed to crystallise. The isolation 
of p-fluorotriphenylmethyl as described above leads us to believe that the m-fluoro-derivative, 
being less prone to isomerise, may be prepared in the pure state by this method. 


We wish to record our great indebtedness to Professor W. J. Jones, through whose good 
offices the work reported in this series (Parts I—XII) has been made possible. 


TATEM LABORATORIES, UNIVERSITY COLLEGE, CARDIFF. [Received, June 29th, 1940.} 
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234. Qualitative Semimicro-analysis with Reference to Noyes and 
Bray's System: The Tantalum and the Tungsten Group. 


By CuHRIsTINA C. MILLER and ARTHUR J. LOWE. 


The elements composing the tantalum and the tungsten group of Noyes and Bray’s 
system have been divided into two groups differing slightly from those of Noyes and 
Bray. For mixtures containing not more than 50 mg. referred to the cations, satisfac- 
tory methods have been evolved for the detection and approximate estimation of 
0-25—50 mg. of antimony, tin, and phosphate, 0-25—10 mg. of molybdenum, tellurium, 
titanium, tungsten, and zirconium, 0-5—10 mg. of tantalum and niobium, and minor 
amounts of vanadium (0-25—2 mg.) and bismuth (0-25—0-5 mg.). 


In 1927 Noyes and Bray (“ A System of Qualitative Analysis for the Rare Elements ”’) 
published a precise scheme of separations for nearly all the elements occurring as cations. 
It refers to the analysis of 1 g. of a non-metallic material or 500 mg. of an alloy, containing 
a maximum of 500 mg. of any one common element or 100—200 mg. of any one rarer 
element, and a minimum of 1—3 mg. of any element. 

The introduction within recent years of many sensitive and selective organic and 
inorganic reagents has led to considerable changes in the methods of qualitative analysis, 
é.g., a reduction in the amount of material taken for an analysis, and the simplification 
of the separation processes that ordinarily precede the final confirmation of the presence 
of a metal. Numerous books on semimicro-qualitative analysis have been published. 
Most refer to the systematic detection of the common elements, but Nieuwenburg and 
Dulfer (‘‘ A Short Manual of Systematic Qualitative Analysis,” 1938) also include several 
less common elements; 20—100 mg. of material may be taken for such analyses. On 
the micro-scale, Benedetti-Pichler and Spikes (‘‘ Introduction to the Microtechnique of 
Inorganic Qualitative Analysis,” 1935) have given a scheme of analysis for very varied 
proportions of the common metals in 1 mg. of material, and with their co-workers are 
gradually extending their methods to include all the metals, using as a basis Noyes and 
Bray’s scheme (see Mikrochem., 1935—38; Ind. Eng. Chem., Anal., 1937—39). There has 
been no corresponding development on the semimicro-scale, despite the greater simplicity 
of the technique. Fischer, Dietz, Briinger, and Grieneisen (Angew. Chem., 1936, 49, 719) 
published a scheme of analysis for the ammonium sulphide group of Noyes and Bray’s 
system, using a maximum of 200 mg. of material, which is rather in excess of the semimicro- 
limit, and appear not to have continued their investigations. 

It was accordingly proposed to develop semimicro-methods for mixtures containing a 
maximum of 50 mg. of metal ions, common and uncommon. The methods adopted by 
Noyes and Bray for preparing solutions and grouping the elements were assumed to be 
applicable, with relatively the same results as in the original scheme. For the first 
investigation the tantalum and the tungsten group were selected. The elements composing 
these groups, which are separated together in a solution 5N in hydrofluoric acid, are 
tantalum, niobium, titanium, zirconium, antimony, bismuth, tin, tellurium, tungsten, 
molybdenum, vanadium, lead, and phosphorus, all, except tellurium and vanadium, which 
are in the quadrivalent form, being in their highest state of oxidation. A few are found only 
in association with certain others; ¢.g., the occurrence of zirconium, tellurium, or bismuth 
depends on the presence of phosphorus, tin, or antimony, respectively. Of some, only a 
fraction of the total amount in the original mixture may be present. In approximate 
accordance with Noyes and Bray’s findings (0. cit., pp. 18, 19, 47, 50, 71), and on the basis 
throughout of the reduction of all their quantities to one-tenth, consideration was given to 
the detection and approximate estimation in the combined groups of a maximum of 50 mg. 
of tin, antimony, or phosphate (PO,), 10 mg. of tantalum, niobium, titanium, zirconium, 
tungsten, molybdenum, or tellurium, about 2 mg. of vanadium, and 0-5 mg. of bismuth. 
Lead did not require to be tested for, but the influence on tests for the other elements 
of 1—2 mg. had to be known. The minimum amount of any element considered was 
0-25 mg. 
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EXPERIMENTAL. 


Preliminary Separation of the Elements composing the Tantalum and the Tungsten Group.— 
The mixture containing these elements was first evaporated nearly to dryness, in a 6 ml. platinum 
crucible, with a few drops of sulphuric acid to remove hydrogen fluoride. Instead of Noyes 
and Bray’s procedure, in which the mixture is now made alkaline with ammonia and digested 
with aqueous ammonium sulphide, the residue was boiled and stirred for several mins. with 1 ml. 
of 7x-sodium hydroxide, giving an insoluble and a soluble portion, which were separated by 
centrifuging. These contained: Insoluble portion, tantalum, niobium, zirconium, titanium, 
bismuth, and antimony (part) mainly as oxides or hydroxides, and elementary tellurium (part) ; 
very occasionally tin was present. Soluble portion, sodium tungstate, molybdate, tellurite (part), 
hypovanadate, and phosphate, and complex salts of antimony (part), tin, lead, and occasionally 
a little niobium and tantalum. 

The first, designated the ‘‘ tantalum group,”’ differed from that of Noyes and Bray’s scheme 
in that it contained part of the antimony and tellurium, and no phosphate or vanadate. The 
second, designated the ‘“‘ tungsten group,” contained the same elements as Noyes and Bray’s 
corresponding group, and, in addition, a small amount of earth acids which was recovered and 
included in the tantalum group (see p. 1260). 

Analysis of the Groups.—The methods of separation devised by Schoeller (‘“‘ The Analytical 
Chemistry of Tantalum and Niobium,’’ 1937) for the analysis of materials containing tantalum 
and niobium were utilised in the analysis of the tantalum group (see tabulated scheme). The 
three modes of treatment of the residue constituting this group facilitated the detection of small 
amounts of all the group components. 


Tantalum Group. 





Residue. Wash twice with 1% aq. NH,NO, to remove Na’, and suspend in water. Divide into three equal parts (1). 





(6), Respenie te Stones ta 5 aie anehie. Fuse with 10 times the bulk of KHSQ,, cool, and extract with 3—4 ml. of hot, 
10% aq. tartaric acid. Keep warm and stir, and saturate with H,S (2). 





Precipitate. Sulphides of Te, Sb, Bi, and Sn. Digest with hot 1:1 HCl. 





Dissolve ——.- If the — precipitate was quite small] (<1 mg.), eva 
O,. Evapor- Test part with rhodamine-B. A red ——— 
ate with HCl and —— another part with dithiol in the + of 
wa tied oo ON, sarternneeromty or stewed 
calcium 
hite to form black | If the cant precipitate was not small, dilute and reprecipitate the sulphides with 
. Assess (3). re —- and digest with warm, 2n-yellow ammonium sulphide. 





=~ —~ Solution. Reprecipitate the sulphides . oi Sb 
in te, dissolve in HCl, reduce 
He,t Test a, Bi add solid oxalic and saturate with Hs (7). 
with dithiol 


assess. ya 





Precipitate. S,. If , esti- 














(6) Fuse with KHSO, (cf. (a)}. Tabs op in 10 mi. of 13 tannin in 10% H,SO, 
red tannin of Ta and Nb. Separate, wash with 20 1,80, dsshve in 
than 0-5 of Ti has been found repeat the whole 

tannin tate. Fuse the residue with KHSO,, 

tannin precipitate. "Fuse the residue with KHSOy disave in 10 mi 





(c) If Ta and Nb are absent, eva te, fuse with KHSO,, take up in a few drops of 4n- and test with p-hydroxyphen: 

arsonic acid in the presence of of HCl and and H,O,. A wi hite precipitate iano bolting eshution hogs tie Senpand ot ee dened. 
if Ta and Nb are present, evaporate, fase ina Platinum crucible over a bowpipe with 04 of KyCOy, and Ttake in 1 ml. 

of hot 2n-KOH. Separate and wash the residue, and repeat the treatment. absence of Ta and (10). 











In the tungsten group (see tabulated scheme) the presence of phosphate complicated 
the analysis, and made it necessary to test in two places for tungsten and tin. The 
figures in parentheses in the two schemes are referred to in ‘‘ Notes on Methods and Tests ” 
(p. 1260). 
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Tungsten Group. 





Solution (containing NaOH). Add HCl until the acidity is 2n. Dissolve SbO,Cl and digest in boiling water. 





Solution. Add 10% aq } Se nt oe thioglycollic acid. A red colour shows Mo; a black pre- 
cipitate, Te. Extract the former ay and separate the precipitate, ester, and aqueous 
layers, comparing the first two waa ~ 





Aqueous layer. Adjust the acidity to 0-3n, warm and saturate with H,S (13). 





Precipitate. Sulphides of Sn, Sb, Pb, Solution. Contains vanadyl -salt, phosphoric and phospho- 
Te — Digest with th hot en See 8 eee ps some’ Sn. ‘Test 5% for ¥ with 





the drops 
\e of 40% HE HF and an excess of cupferron. Extract with butyl 
Selution. If aii me poet podiene {i4). pi y! 








cess, redi 
Hcl, add oxalic acid 
and pass H,S (7). 











Solution. Expel (bd) ig aes 
H,S. Add ini est for W with di 
dithiol to all 


or part and 
and estimate §n 
part for Sb with (6). 
mg oy 
(c) If more than 0-5 mg. 
not be tested add slowly to the boili 
for (see p. 1258) acidity of 0-3n, excess of 5% aq. Zr0Cl, 
make ammoniacal and heat. Separa 
the precipitate and fuse with 5 times the 
bulk of Na,CO,. Extract with 2n-NaOH. 
To all or of the extract add conc. 
O, and an excess of 10% aq. 
Heat at 502, 





























Notes on Methods and Tests. 


For separating precipitates and solutions a centrifuge with tubes ranging in capacity from 
0-5 to 15 ml. was employed. Precipitates were in general washed twice with volumes of wash 
liquid suited to their bulk, the second washing being rejected. The volumes of liquid taken 
to dissolve precipitates, or for digestion processes, were commonly twice the bulk of the pre- 
cipitate. Fora description of suitable pipettes, stirrers and various devices, see, e.g., Benedetti- 
Pichler and Spikes (op. cit.). 

Note 1. Excess of sodium ions was washed out in order to prevent any subsequent separa- 
tion of insoluble sodium tantalate or niobate. A solution of ammonium nitrate prevented 
peptisation. 

Note 2. This procedure was based on that of Schoeller (op. cit., pp. 38, 39). 

Note 3. By the reduction of tellurous acid with hypophosphite (Feigl, ‘‘ Qualitative Analyse 
mit Hilfe von Tiipfelreaktionen,”’ 1938, 346), in a solution 2n in hydrochloric acid, 10y of tellur- 
ium were easily detected in 0-05 ml. Large excesses of antimony, bismuth, and tin were without 
effect, and tellurium was separated from them only because it interfered with the tests used for 
bismuth and tin. A small amount of molybdenum did not interfere. The precipitate was 
compared with a standard for the estimation of quantity. 

Note 4. The selectivity of Eegriwe’s test for antimony with rhodamine-B (Z. anal. Chem., 
1927, 70, 400) was increased by making it in a solution ~3n in hydrochloric acid with a 1% 
solution of the reagent in 3n-hydrochloric acid. If to 0-5 ml. of a solution containing 50y of 
antimony, a drop of saturated, aqueous potassium nitrite and a drop of the reagent were added, 
it soon became red-purple and then blue in transmitted light. A finely-divided red precipitate 
separated on centrifuging. As little as 5y of antimony was detectable. If the supernatant 
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liquid was not pink, more reagent was added until it was (one drop of reagent precipitated 
~25y of antimony), and the precipitate was compared with a standard. Of solutions containing 
much antimony only a small portion was examined. Large excesses of tin, bismuth, lead, 
tellurite, molybdate, and many other radicals, tartaric acid and phosphoric acid did not 
interfere. Molybdate gave a deep-red colour but no precipitate. 

Note 5. For the detection of bismuthin solutions upto ~2n in hydrochloricacid, toluene-3: 4- 
dithiol (‘‘ dithiol ’’) was excellent (cf. Clark, Analyst, 1936, 61, 242). The reagent was made up 
fresh, 0-2% in 0-25n-sodium hydroxide, one drop corresponding to 25—50y bismuth. Bismuth 
formed a brown complex, 10y being detectable in 0-5 ml. of solution. The complex dissolved 
readily in butyl acetate with a reduction in the intensity of the colour. Small amounts of bis- 
muth were detected and directly assessed on a spotting tile. A little hydrofluoric acid did not 
influence the test and permitted the detection of 10—50y of bismuth im the cold in the presence of 
500y of tin. Although bismuth could be detected in the presence of a 50-fold excess of antimony, 
which gave a pale yellow complex, reasonable assessment of a small amount was possible only 
if the excess was much less (5-fold). Tellurite interfered by giving a buff precipitate that 
deposited tellurium on heating. 

Note 6. With dithiol, tin gave under similar conditions to bismuth, but preferably with heat- 
ing (Clark, Joc. cit.), a scarlet precipitate which dissolved in butyl acetate to form a pale yellow 
solution: 5y were readily detected in 1 ml. of aqueous solution. Moderate amounts were 
estimated from the bulk of precipitates formed with a minimum excess of the reagent. Owing 
to the sensitivity of the test only portions of solutions containing much tin were examined. The 
complex dissolved in hot, 6n-hydrochloric acid. 20-, 4-, 10-, and 100-Fold excesses of antimony, 
bismuth, tellurium and lead respectively did not prevent the detection of tin, but the first three, 
except in much smaller excesses, interfered with its estimation. Molybdate, which gave a 
dark-green complex, interfered badly. Large amounts of phosphoric, oxalic, and tartaric acids 
were without influence. The presence of the last in an unheated solution prevented interference 
from tungsten (~1 mg. per ml.), which formed an emerald-green complex (see note 11). 

Note7. Oxalic acid converted stannic tin into a complex ion which did not react with 

hydrogen sulphide in slightly acid solutions. 
Note 8. The centrifugate from the sulphide precipitate contained titanium, zirconium, 
tantalum, niobium, tartaric acid and potassium hydrogen sulphate. With perhydrol even 10y 
of titanium gave a definite pale yellow colour in a volume of several ml. Assessment was made 
by comparison with a standard containing similar amounts of tartaric acid and sulphate, which 
slightly bleached the yellow colour. None of the other constituents of the tantalum group 
interfered. 

Note 9. The bisulphate—tannin treatment was based on Schoeller’s method (op. cit., p. 118) : 
100y of tantalum and niobium gave a distinct precipitate. Titanium alone gave no precipitate, 
but in association with tantalum or niobium it was partly precipitated, colouring the precipitate 
red, and sometimes masking tantalum or falsely suggesting the presence of niobium. Repetition 
of the treatment greatly reduced its influence. The assessment of tantalum plus niobium was 
best made on the bisulphate—tannin precipitate. They were apportioned by adapting as follows 
Schoeller’s quantitative separation process based on the differential stability of oxalotantalic and 
oxaloniobic acids in the presence of tannin (op. cit., pp. 123 et seg.). To the ammonium oxalate 
solution a 2% solution of tannin was added dropwise in 0-5 ml. portions, and after each addition 
the mixture was boiled and any precipitate removed. If none appeared, a little solid ammonium 
chloride and a few drops of 2N-ammonia were added in order to bring it down, and it was 
removed. The addition of tannin was continued until precipitate formation ceased. 

In the absence of titanium, yellow tantalum precipitates separated first, without the addition 
of ammonia and ammonium chloride; then came mixed tantalum and niobium precipitates, 
orange in colour, and, finally, red niobium precipitates, all requiring the addition of ammonium 
chloride and ammonia. A very small amount of tantalum might be indicated by only a yellow 
solution, and a very small amount of niobium by a final ‘‘ mixed ’’ precipitate. Only with 
practice was it possible from an examination of a set of such precipitates to detect 0-15 mg. of 
tantalum or niobium in 3 mg. of their mixture. If a little titanium was present, it complicated 
the detection of a small amount of tantalum by depositing as a red complex, after the first 
addition of tannin from a solution containing »o ammonum chloride and ammonia. If sub- 
sequent additions of tannin failed to produce yellow tantalum complexes it was necessary to 
destroy the first red complex and try to detect tantalum by the original bisulphate—tannin 
treatment. Minimal amounts of tantalum were not satisfactorily found. 

Note 10. Tests for zirconium required the absence of other than a minor amount of tantalum, 
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which was most effectively removed by the treatment cited. The residue containing all the 
zirconium, some or all of the titanium, bismuth, and antimony, and not more than traces of 
tantalum and perhaps niobium, was readily fused with potassium hydrogen sulphate and dis- 
solved in sulphuric acid. 1—3 Drops of a 4% aqueous solution of p-hydroxyphenylarsonic acid 
(see Simpson and Chandlee, Ind. Eng. Chem., Anal., 1938, 10, 642) added to such a solution, 
containing 40y of zirconium, readily yielded on boiling a colourless precipitate that could be 
compared in bulk with a standard. The presence of a drop of 2n-hydrochloric acid in boiling 
solutions prevented precipitate formation by even 3 mg. of antimony or bismuth, and a drop of 
perhydrol prevented the reactions of niobium and titanium. Towards tantalum the reagent was 
not very sensitive, 400y, an amount unlikely to be present, giving the same result as 40y of 
zirconium. 

Note 11. The presence of phosphate prevented the separation on acidification of part or all © 
of the tungsten as tungstic acid. In its absence a small amount of tungsten might also fail to 
be precipitated. Tantalic and niobic acids escaping from the tantalum group were precipitated 
in the acid solution, and did not dissolve in 2N-sodium hydroxide, which readily dissolved tung- 
sticacid. For the detection and estimation of tungsten in this solution, dithicl was most success- 
fully used for some time before the publication of Hamence’s paper (Analyst, 1940, 65, 152). 
The conditions under which the emerald-green complex was formed were critical; e.g., its 
quantitative production by adding the reagent to acid solutions was slow and uncertain. The 
following method was satisfactory. To a solution of tungstate in 2n-sodium hydroxide (1 ml. 
or more), containing an excess of a fresh 0-5—1% solution of dithiol in 0-5n-sodium hydroxide, 
2—4n-phosphoric acid was added dropwise slowly with constant shaking until a turbidity just 
appeared. Iftungsten was absent, or present in only a minute amount, the turbidity was white ; 
with much tungsten it was violet, and further small additions of acid produced a buff and then 
a blue-green suspension. Whenever the latter appeared, time was given for full colour develop- 
ment before another drop of acid was added. When no further change occurred a little more 
acid was added (an excess did no harm), and the mixture was heated in boiling water for several 
minutes. The green complex was readily and completely extracted with butyl acetate and 
compared with a similar standard : 5y of tungsten were easily found. For colour comparison 
it was undesirable to have more than 40y of tungsten per ml. of solvent. 

If hydrochloric acid replaced phosphoric acid, more careful control of the addition was 
required, and with larger amounts of tungsten the separation of tungstic acid complicated matters. 
After the formation of the complex in phosphoric acid solutions, however, the addition of con- 
centrated hydrochloric acid, even up to 6Nn, had no adverse effect, and, in a hot solution, it 
served to eliminate interference from at least a 20-fold excess of tin (cf. note 6). Molybdenum 
interfered by forming an olive-green complex of similar intensity of colour. Vanadium hindered 
the formation of the tungsten complex. 

Note 12. Before dithiol could be utilised for the confirmation of tin, and tungsten escaping 
the initial separation, it was essential to remove molybdenum almost completely. This was 
accomplished by converting it into its complex thiocyanate, Mo(OH),(SCN), (Noyes and Bray, 
op. cit., p. 346), and extracting it with butyl acetate. For the reduction, thioglycollic acid was 
an excellent substitute for zinc. To the solution, ~2n in hydrochloric acid, a few drops of a 
10% aqueous solution of potassium thiocyanate were added, followed by a few drops of a 10% 
solution of thioglycollic acid. If a pink colour developed, the addition of the reagents was 
continued until it was certain that conversion of the molybdenum was complete. Butyl acetate 
readily extracted the complex. Even in mixtures containing much phosphate the separation 
was very effective, and if a trace of molybdenum escaped, it was caught in the subsequent sulph- 
ide precipitation. The thiocyanate reaction was sufficiently sensitive for the detection of a 
minimum amount of molybdenum, and the butyl acetate extract served for a colorimetric 
estimation. 

Note 13. The acidity was adjusted by adding 2n-sodium hydroxide until a drop of the 
solution spotted on paper impregnated with methyl-violet gave a green colour. In the presence 
of much phosphate a little tin escaped precipitation as sulphide, and had to be detected later. 

Note 14. As vanadium interfered with the detection of tungsten with dithiol, and with the 
precipitation of phosphate as ammonium phosphomolybdate, its removal was necessary, cup- 
ferron in the presence of hydrofluoric acid being a suitable precipitant (Clarke, Analyst, 1927, 
52, 466, 527). Butyl acetate was employed to remove the complex and most of the excess 
cupferron. As these steps could be omitted in the absence of vanadium, the latter was first 
tested for in a small portion of the solution with a 5% aqueous solution of tannin, one drop of 
which, followed by ammonium acetate to reduce acidity, gave with 10y of vanadium in 1 ml. 
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of solution a blue colour. Larger amounts of vanadium gave blue-black precipitates. Only 
small amounts could be satisfactorily estimated. Interference from an excess of tungstate, 
which gave a brown precipitate, was counteracted by the addition of tartrate. 

Note. 15. The cupferron complex of vanadium gave a brown ester layer. Although the 
colour faded rapidly, a colorimetric estimation was possible. 

Note 16. The separation of phosphate with zirconium oxychloride was based on the method 
of Curtman, Margulies, and Plechner (Chem. News, 1924, 129, 299). The presence of phosphate 
was usually indicated by the appearance of a precipitate in the acid solution, but tungstic acid 
might also separate. Ammonia added in excess dissolved the latter, completed the precipitation 
of phosphorus as zirconium phosphate, and brought down the residual zirconium as hydroxide. 
Fusion of the precipitate with sodium carbonate separated the phosphate from the zirconium, 
which retards its precipitation as ammonium phosphomolybdate. 50y of phosphate were 
satisfactorily detected and estimated in 1 ml. of a solution containing a 100-fold excess of 
tungsten. 

Analysis of Mixtures ——Mixtures of unknown composition containing components of the 
tantalum and tungsten groups were supplied to the junior author, and analysed substantially 
according to the methods prescribed, with the results recorded below. The figures indicate the 
weight in mg. of each element and of phosphate. 
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The most satisfactory feature of these analyses is that no element was erroneously reported 
as present in the mixtures. On three occasions small quantities were not detected. 0-5 Mg. of 
niobium was missed in No. 1, the maximum amount of tantalum making detection difficult 
(see note 9); 5 mg. of tantalum did not prevent detection (No. 3). The failure to find the 
minimum amount of tungsten in No. 3 was probably attributable to a faulty method of applying 
the dithiol test, the correct conditions of application of which were found afterwards (note 11). 
There was no obvious reason for the non-detection of tellurium in No. 6. Its presence in the 
tantalum group was suspected, but the confirmatory test failed. Estimations of quantity were 
essentially of the correct order of magnitude. The schemes therefore satisfy the conditions 
proposed on p. 1258, except for tantalum and niobium. Of these, the detection of 0-25 mg. is 
doubtful, and neither can be detected with certainty in the presence of more than a ten-fold 
excess of the other. 


THe UNIVERSITY, EDINBURGH, 9. [Received, July 5th, 1940.) 





235. Qualitative Semimicro-analysis with Reference to Noyes and 
Bray’s System: The Gold Group. 


By Cristina C. MILLER and ArTHuR J. Lowe. 


A satisfactory scheme of analysis has been evolved for the detection and approxi- 
mate estimation of 0-25—50 mg. of mercury, 0-25—10 mg. of gold, palladium, and 
platinum, and 0-25—2 mg. of iridium and rhodium in mixtures containing not more 
than 50 mg. of the combined metals. 


In continuance of work outlined in the preceding paper, the gold group has been analysed. 
It is composed of the elements mercury, gold, platinum, palladium, rhodium, and iridium, 
which are precipitated with the tantalum and the tungsten group and certain insoluble 
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salts, and afterwards separated and obtained as complex chlorides in a hydrochloric-nitric 
acid solution. The maximum amount of material under consideration was 50 mg. referred 
to the cations, and the amounts of the various elements to be tested for were: mercury, 
0-25—50 mg.; gold, platinum, and palladium, 0-25—10 mg.; iridium and rhodium, 
0-25—2 mg. Only a portion of the rhodium and iridium in the original mixture appears 
in this grouping (see Noyes and Bray, “ A System of Qualitative Analysis for the Rare 
Elements,” pp. 19—21, 43—53). 
| EXPERIMENTAL. 


The following tabulated scheme of analysis incorporates Noyes and Bray’s method for the 
initial separation together of gold and mercury, and Gilchrist and Wichers’s important method 
(J. Amer. Chem. Soc., 1935, 57, 2565) for the separation of platinum from palladium, rhodium, 
and iridium, by precipitating the last three as their hydrated dioxides. Thereafter various 
modern reagents are utilised. 

The figures in parentheses are referred to in ‘‘ Notes on Methods and Tests ”’ (see below). 
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This scheme was applied with the following results to six mixtures submitted as ‘‘ unknowns ” 
to the junior author. All quantities are expressed in mg. 
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As with the tantalum and tungsten groups (see preceding paper) a very satisfactory feature 
is that no metal absent from the mixtures was reported. The failure to report iridium in No. 1 
was due to the employment of the leuco-malachite-green test instead of the much more reliable 
reaction with sulphuric and nitric acids (see note 9). The assessments of quantity were reason- 
ably satisfactory. 


Notes on Methods and Tests. 


The experimental technique was the same as that of the preceding paper. 
Note 1. This process which is essentially that of Noyes and Bray (op. cit., pp. 52, 113), 
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reduced to about one-tenth of their scale, required careful control. It was important to use 
alcohol-free ethyl acetate, prepared by refluxing it over phosphoric oxide and fractionating it. 
The passage of gold into the ester layer, and the retention of palladium, in particular, in the 
aqueous layer were very effective. A small fraction of the mercury remained in the aqueous 
layer and was afterwards associated with the platinum. 

Note 2. For the confirmation of gold a 1% solution of rhodamine-B in 3n-hydrochloric 
acid was successfully employed in the same manner as for antimony (see preceding paper), 
except that nitrite was omitted. Reddish-purple precipitates were obtained with amounts of 
gold exceeding 5y in 0-5 ml. and ly in 0-05 ml. of 3Nn-hydrochloric acid. At least a 500-fold 
excess of bivalent mercury could be present. The reduction of acidity diminished the permissible 
excess. 1000y of platinum, 300y of palladium, and 50y of rhodium or iridium did not prevent 
the detection of 5y of gold in a drop of 3n-hydrochloric acid. 0-5n-Nitric acid halved the 
sensitivity. Gold could be estimated from the bulk of its complex. As one drop of the reagent 
corresponded to 25y of gold, only a part of the test solution was usually taken. 

Note 3. For confirming and estimating mercury a saturated alcoholic solution of diphenyl- 
carbazone was employed (Hopkin and Williams, ‘“‘ Organic Reagents for Metals,’’ 1938, 53). 
The adjustment of pg was made by adding a drop of phenol-red indicator (0-02% alcoholic) 
and a dilute sodium hydroxide solution until the solution just assumed a pink tinge. Sodium 
acetate assisted the coagulation of the precipitate. One drop of the diphenylcarbazone reagent 
(0-02 ml. = ca. 100y of mercury) added to 0-5 ml. of solution containing 50y of mercury gave 
a deep purple colour, and a purple precipitate on centrifuging : 5y of mercury were detectable. 
The bulk of a centrifuged precipitate could be used for estimating 50—5000y of mercury. 
Palladium reacted similarly to mercury and had to be absent. Gold gave a black precipitate, 
much less bulky than that of mercury, and, unless present in minor quantity, was better removed. 
Platinum, rhodium, and iridium (500+/0-5 ml.) gave no reaction. 

Note 4. This procedure was essentially that of Gilchrist and Wichers (loc. cit.) reduced to 
about one-tenth of the scale. Bromocresol-purple and cresol-red test-papers were spotted with 
tiny drops of the solution in the adjustments of pg. 

Note 5. The centrifugate from the hydrated dioxides was liable to contain traces of rhodium 
and iridium and sometimes 0-5 mg. of mercury (cf. note 1). The destruction of bromate was 
more effectively carried out with hydrobromic than with hydrochloric acid, as used by Gilchrist 
and Wichers. Precipitation with hydrogen sulphide concentrated the elements, which were 
finally obtained in a small volume of 4n-hydrochloric acid. For the detection of platinum in 
the presence of the above contaminants the most reliable reagent was phenylbenzyldimethyl- 
ammonium chloride (Maynard, Barber, and Sneed, J. Chem. Educ., 1939, 16, 77). A few drops 
of a 10% aqueous solution, added to the same amount of a solution 4n in hydrochloric acid 
containing platinum, gave a distinct buff precipitate with 25y. 25y of palladium, 250y of 
mercury, 250y of rhodium, 500y of gold, and 125y of iridium gave light brown, white, pale 
violet, yellow and red-brown precipitates, respectively, similar in bulk to those formed with 
25y of platinum. Heating in boiling water dissolved the first three, decomposed the fourth, 
greatly reduced the bulk of the fifth, and only slightly affected the platinum complex. Hence 
there was no difficulty in ascertaining the presence of platinum in the mixture under consider- 
ation. At most, iridium discoloured the platinum complex without affecting its bulk, which 
was compared with a standard. 

Note 6. One precipitation of palladium with dimethylglyoxime, according to the method 
of Gilchrist and Wichers (Joc. cit.), gave an almost complete separation from rhodium and iridium. 

Note 7. Generally the formation of the yellow dimethylglyoxime complex was sufficient 
proof of the presence of palladium. It could be compared with a standard for an estimation 
of quantity, provided that the precipitates were centrifuged for 10 mins. to render them compact. 
For the confirmation of a small precipitate, after the destruction of organic matter, a 0-5% 
solution in 0-5n-sodium hydroxide of toluene-3 : 4-dithiol (“ dithiol ’’) was an excellent reagent 
(see Hopkin and Williams, op. cit., p. 138). It gave in acid solutions (~2n) a dark brown 
complex with palladium, and no outstanding reaction with any other metal of the gold group. 
The former was readily soluble in butyl acetate to a brown solution. Even 5y of palladium 
were easily detected in 0-5 ml. of an aqueous solution. Comparisons with standards were best 
made in butyl acetate extracts. ; 

Note 8. The reduction of rhodium chloride by means of titanous chloride was used by 
Gilchrist and Wichers (loc. cit.), and the bulk of the precipitated rhodium served for the assess- 


ment of quantity. Iridium did not interfere, but gold, platinum, and palladium had to be absent 
from the solution. 
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Note 9. This test, which was used by Maynard, Barber, and Sneed (loc. cit.), was very 
satisfactory, and the colour of the solution served for the estimation of iridium. When a ten- 
fold excess of rhodium was present a brownish-purple colour could safely be interpreted as 
indicating the admixture of iridium. Traces of other metals did not interfere. 

In a few experiments a 1% solution of leuco-malachite-green in acetic acid was employed to 
detect iridium (Chugaev, Chem. Absir., 1930, 2689). It was turned green by neutral solutions. 
The other strongly-coloured metal ions of the gold group interfered by masking the colour 
produced by iridium; 50y of iridium could, however, be detected in association with 500y of 
rhodium. This test was less satisfactory than the first, for the detection of a minimal amount 
of iridium. 

This work will be continued when circumstances permit. 


We thank the Carnegie Trustees for a Teaching Fellowship (to C. C. M.) and the Trustees of 
the Moray Fund for several grants, which have facilitated the work described in this and the 
preceding paper. 
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236. Addition of By-Unsaturated Alcohols to the Active Methylene Group. 
Part II. The Action of Ethyl Acetoacetate on Cinnamyl Alcohol and 
Phenylvinylcarbinol. 


By M. F. CARROLL. 


Cinnamy]l alcohol reacts with ethyl acetoacetate in the presence of a catalyst at 
180—220° to give -phenyl-A*-hexen-e-one, and phenylvinylcarbinol under the 
same conditions gives cinnamylacetone. 


THE action of ethyl acetoacetate on linalool and geraniol gives the same product (this 
vol., p. 704). Cinnamyl alcohol and phenylvinylcarbinol give two different compounds : 


CHPh:CH-CH,-OH + CH,‘CO-CH,CO,Et —> CHPh(CH,°CO:CH,)-CH:CH,; . (1) 
CHPh(OH)-CH:CH, + CH,‘CO-CH,:CO,Et —> CHPh:CH-CH,CH,CO-CH, . (2) 


The reactions were carried out as previously described; in (1) cinnamyl acetoacetate 
was obtained as an intermediate product. 

The ketone obtained in (2) was identified by comparison with cinnamylacetone prepared 
from ethyl acetoacetate and cinnamyl chloride (Bergmann and Corte, J., 1935, 1363), 
and by the melting point of a mixture of the 2 : 4-dinitrophenylhydrazones. 

The ketone obtained in (1) was fractionated : the first and the last fraction gave the same 
derivatives in good yields, thus showing that no other isomeric ketone was present. The 
constitution was proved by oxidation to a-phenyl-levulic acid, which_was also prepared 
from ethyl «-bromophenylacetate and ethyl acetoacetate. 

To examine the by-products formed in the reaction, the ketone was converted into the 
oxime, which was easily removed by fractional distillation. The residue consisted of 
cinnamy]l alcohol and acetate. 

The results show that each alcohol produces the corresponding ketone only, and that no 
transposition takes place. 


EXPERIMENTAL. 


Cinnamyl] chloride was conveniently prepared in large quantities as follows: 100 g. of 
cinnamyl alcohol (m. p. 32-5°) and 100 c.c. of concentrated hydrochloric acid were shaken in 
the cold and left for 1 day. The spent acid was removed, and a further 100 c.c. of concentrated 
acid added to the oil; the process was repeated. (The acid from the second and the third 
treatment was added to fresh 100 g. portions of cinnamyl] alcohol.) On washing and distillation, 
80 g. of cinnamyl chloride were obtained (71% of the theoretical), d??° 1-092, n?” 1-5830. 

Cinnamylacetone was prepared from the chloride in the usual way, except that potassium 
carbonate and acetone were used in place of sodium ethoxide. The ethyl cinnamylacetoacetate 
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obtained, b. p. 165—170°/2-5 mm., gave, on hydrolysis with dilute sodium hydroxide solution, 
the ketone, b. p. 128—130°/5 mm., nu?” 1-5483 (oxime, m. p. 89—90°; 2: 4-dinitrophenyl- 
hydrazone, m. p. 144—146°). 

Phenylvinylcarbinol (compare Meisenheimer and Beutter, Annalen, 1933, 508, 58).— 
Cinnamyl chloride (1 mol.), acetic acid (2-5 mols.), and potassium acetate (1-5 mols.) were heated 
at 90—100° for 3 hours. Water was added, and the oil washed and distilled. The acetates 
obtained (0-92 mol., containing about 0-3 mol. of phenylvinylcarbinyl acetate) were hydrolysed 
by the cautious addition of 40% sodium hydroxide solution to an alcoholic solution. The 
hydrolysis was followed titrimetrically, and when it was complete, water was added, and the 
oil washed and fractionally distilled. The phenylvinylcarbinol had b. p. 90—95°/2 mm., 
nw 1-5431. The recovered cinnamyl alcohol was used for the preparation of more of the 
chloride. 

a-Phenyl-levulic Acid.—A mixture of ethyl a-bromophenylacetate (0-1 mol.), ethyl aceto- 
acetate (0-15 mol.), potassium carbonate (0-15 mol.), and 50 c.c. of acetone was refluxed 
for 3 hours, the acetone distilled off, water added, and the oil separated, washed, and hydrolysed 
with alcoholic sodium hydroxide. On acidification 19 g. of the acid were obtained, m, p. 125— 
126° after crystallisation from benzene. 

Reaction between Cinnamyl Alcohol and Ethyl Acetoacetate—The experiments were carried 
out as described in a previous paper (Joc. cit.). Cinnamyl alcohol (1 mol.), ethyl acetoacetate 
(1:05 mols.), and 1 g. of sodium acetate were heated to 165° during 3 hours, to 185° during 3 
hours, and to 240° during 2 hours. Carbon dioxide began to be evolved at 170° when most of 
the ethy] alcohol formed had distilled off. The total distillate (51 g.) contained 6 g. of acetone, 
2 g. of ethyl acetate, and 43 g. (0-93 mol.) of ethyl alcohol. The residue was washed and dis- 
tilled, and three main fractions collected: (1) 81 g., b. p. 95—100°/1 mm., (2) 26 g., b. p. 100— 
115°/1-5 mm., (3) 30 g., b. p. 115—150°/2 mm., mainly cinnamyl acetoacetate. Fractions (1) 
and (2) contained 60% and 35%, respectively, of the ketone and variable amounts of cinnamy] 
alcohol and acetate. 

The first fractions from several runs were systematically fractionated, but could be resolved 
only into two main fractions: (a) a mixture of the ketone (60%), cinnamyl acetate (25%), 
and cinnamyl alcohol (15%); (6) a mixture of the acetate (60%) and the alcohol (40%). The 
total distillate contained 0:33 mol. of the ketone, 0-16 mol. of the alcohol, 0-16 mol. of the 
acetate, and 0-14 mol. of cinnamyl acetoacetate. 

To isolate the y-phenyl-A*-hexen-e-one, fraction (a) was hydrolysed with aqueous alkali and 
90 g. of the product were added to 100 c.c. of 10% sodium hydroxide solution and stirred 
mechanically while 800 c.c. of 3% permanganate solution were runin. On distillation a middle 
fraction (40 g., b. p. 99—103°/2 mm., »?®° 1-5325) was obtained containing 96% of the ketone 
(2 : 4-dinitrophenylhydrazone, m. p. 101—102°). Only benzoic acid was identified in the 
aqueous layer. 

The original distillate was tested for isomeric ketones as follows: Fraction (1) was frac- 
tionally redistilled; 2 g. of the first fraction, containing 60% of the ketone, gave 1-4 g. of the 
dinitrophenylhydrazone, m. p. 100—103°, and 3 g. of the last fraction, containing 34% of the 
ketone, gave 1-3 g., m. p. 100—102°. Mixed m. p. 100—102°. 

The ketone was identified by oxidation to a-phenyl-levulic acid. 12 G. of the purified 
ketone were emulsified in 50 c.c. of 5% sodium hydroxide solution with good agitation, and 200 
c.c. of 3% permanganate solution added slowly. After extraction with chloroform, acidification 
of the aqueous solution gave 4 g. of an acid, m. p. 125—126-5° after crystallisation from benzene 
and mixed m. p. 125—126° with a-phenyl-levulic acid (Found: M, by alkali titration, 193. 
Calc.: M, 192). ; 

Cinnamy]l acetoacetate was obtained from the end fractions of several runs, and was purified 
by distillation, b. p. 159°/1-5 mm. On hydrolysis with weak alkali, acetone, carbon dioxide, 
and cinnamyl‘alcohol were obtained in good yield. The pure ester was heated at 220—240° 
for 3 hours and gave 0-24 mol. of the ketone, 0-15 mol. of the alcohol, 0-15 mol. of the acetate, 
and 0-2 mol. of unchanged ester. 

Reaction between Phenylvinylcarbinol and Ethyl Acetoacetate——A mixture of 0-2 mol. of the 
carbinol, 0-27 mol. of ethyl acetoacetate, and 0-3 g. of potassium acetate was heated to 220° 
during 3 hours and maintained at this temperature for 3 hours. Evolution of carbon dioxide 
began at 180° and was practically complete at 220°; 15c.c. of distillate were obtained containing 
0-26 mol. of ethyl alcohol. The residue was washed and distilled and gave 10 g. of ethyl 
acetoacetate, 2 g. of an alcoholic fraction, and 26 g. (0-15 mol.) of cinnamylacetone, b. p. 125— 
130°/4 mm., 2 1-5475. The oxime was obtained in good yield, m. p. 87-5—89°, mixed m. p. 
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with the oxime of cinnamylacetone 88—89°. The 2: 4-dinitrophenylhydrazone (yield, almost 
quantitative) had m, p. 145—146-5° and mixed m. p. 145—146°. 


The author is indebted to the Directors of A. Boake, Roberts and Co. for permission to 
publish this work. 


THE TECHNICAL LABORATORY, A. BOAKE, ROBERTS AND Co., Lonpon, E. 15. 
HacKNEY TECHNICAL INSTITUTE, LonpDoN, E. 8. (Received, June 17th, 1940.) 





237. The Nitrosation of Phenols. Part XVIII. The Synthesis of 
3-Fluoro-4-nitrosophenol and of 3-Fluoro-6-nitrosophenol. A Com- 
parison of the Stabilities of the 3-Halogeno-4-nitrosophenols. 


By HERBERT H. Hopcson and Donatp E. NICHOLSON. 


The syntheses of 3-fluoro-4-nitrosophenol from 3-fluoro-4-nitrophenol and of 
3-fluoro-6-nitrosophenol from 3-fluoro-6-nitrophenol are described. The direct nitro- 
sation of m-fluorophenol to 3-fluoro-4-nitrosophenol has now been effected. 3-Fluoro- 
4-nitrosophenol does not appear to be convertible into 3-fluorobenzoquinone-4-oxime 


and moreover is an exceedingly stable substance compared with other 3-halogeno-4- 
nitrosophenols. 


It has previously been found that nitrous acid reacts with m-fluorophenol to form mm’- 
difluoro-o-indophenol, and that when the reagent is nitrosylsulphuric acid the main product 
is 4: 2’-difluoro-4’-hydroxy-o-benzoquinone-l-phenylimine, a trace of 3-fluoro-4-nitro- 
sophenol also being formed (Hodgson and Nicholson, J., 1939, 1405; this vol., p. 205). 
Attempts to nitrosate m-fluorophenol directly by almost every conceivable variation of 
procedure have always resulted in the production of one or both of the above o-quinonoid 
compounds owing to the immediate condensation of the initially nitrosated m-fluorophenol 
with m-fluorophenol. In this respect m-fluorophenol is far more reactive than the other 
m-halogenophenols. 

The synthesis of 3-fluoro-4-nitrosophenol has now been achieved as follows: 3-Fluoro- 
4-nitrophenol —-> 3-fluoro-4-nitroanisole —-> 3-fluoro-4-aminoanisole —-> 3-fluoro-4- 
nitrosoanisole —-> 3-fluoro-4-nitrosophenol. The synthetic material is identical with the 
product obtained in traces by the action of nitrosylsulphuric acid in glacial acetic solution 
on m-fluorophenol. 

Since only the last-named method, apart from the synthetic one, had afforded any 
3-fluoro-4-nitrosophenol, many modifications of it were tried. Ultimately it was found 
that a solution of m-fluorophenol in pyridine, when added gradually to nitrosylsulphuric 
acid somewhat diluted with water (cf. the diazotisation procedure of de Milt and van Zandt, 
J. Amer. Chem. Soc., 1936, 58, 2044) and maintained below 10°, gave a mixture of com- 
pounds in which 3-fluoro-4-nitrosophenol predominated. At higher temperatures, red 
compounds were formed in increasing amounts. Recrystallisation from benzene gave the 
pure green 3-fluoro-4-nitrosophenol, the identity of which was confirmed by comparison 
with the synthetic product and by the formation of 3-fluoro-4-nitrophenol on oxidation. 

The following evidence is in favour of the above green compound being a nitroso- 
compound rather than 3-fluorobenzoquinone-4-oxime : 

(1) The other three 3-halogenobenzoquinoneoximes crystallise from benzene in colour- 
less needles, whereas the 3-fluoro-compound crystallises in dark green, rectangular plates. 

(2) When 3-chlorobenzoquinone-4-oxime is mixed in the cold with dimethylaniline 
and concentrated sulphuric acid, it gives immediately a blue condensation product; 
3-chloro-4-nitrosophenol under the same conditions gives a blue colour only after a consider- 
able time, indicating that conversion into the quinonoid form precedes condensation. 
3-Fluoro-4-nitrosophenol gives, both with sulphuric acid alone and also with a mixture of 
dimethylaniline and sulphuric acid, an orange-brown colour, which remains unchanged 
after 12 hours. 


(3) When mixed with cold m-fluorophenol and concentrated sulphuric acid, 3-chloro-4- 
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nitrosophenol and 3-chlorobenzoquinone-4-oxime develop deep green colours immediately, 
and 6-nitroso-3-methoxyphenol gives a deep red colour. 3-Fluoro-4-nitrosophenol, 
however, gives the orange-brown colour produced by sulphuric acid alone; this slowly 
changes to green, indicating gradual condensation with the m-fluorophenol. 

(4) 3-Fluoro-4-nitrosophenol does not form a silver salt, and dissolves in alkalis to 
form olive-green solutions, whereas all the authentic 3-halogenobenzoquinone-4-oximes 
form red solutions with alkalis. 

(5) Attempts to methylate 3-fluoro-4-nitrosophenol by the standard methods were 
unsuccessful. All the other 3-halogeno-4-nitrosophenols give some 3-halogenobenzo- 
quinone-4-oxime methyl ether on treatment with diazomethane. 

(6) The green 3-fluoro-4-nitrosophenol was recovered unchanged on acidification of its 
solution in alkali. The other greenish-yellow 3-halogeno-4-nitrosophenols are converted 
by alkali into the almost colourless 3-halogenobenzoquinone-4-oximes (Hodgson and Moore, 
J., 1923, 123, 2499; 1925, 127, 2260). 

Although 3-fluoro-4-nitrosophenol gives a Liebermann reaction with phenol and 
concentrated sulphuric acid, this would not necessarily involve its conversion into the 
quinone-oxime form. Since no condensation takes place with dimethylaniline, it would 
appear that the formation of a blue colour with phenol is due to the tautomeric conversion 
of the phenol itself, so that the condensation product would have the constitution (I) 


rather than (II). 
F 
ee a 
o=K >=n—< Son (I1.) 


Comparison of the Stabilities of the Four 3-Halogeno-4-nitrosophenols.—3-Fluoro-4- 
nitrosophenol cannot be converted into 3-fluorobenzoquinoneoxime, whereas 3-iodo-4- 
nitrosophenol is readily converted by solvents or even in the air into the quinoneoxime 
modification. 3-Chloro-4-nitrosophenol is stable in the air, but is slowly converted into 
3-chlorobenzoquinone-4-oxime by acids. 3-Bromo-4-nitrosophenol is intermediate in 
stability between the 3-chloro- and the 3-iodo-analogue. 

It follows that the powerful electron-attractive inductive effect (—J) of the fluorine 
atom has completely inhibited electron transfer from the hydroxyl oxygen to the nitroso- 
oxygen, either by the external attraction of hydrogen ions (acid conversion; III) (cf. 
Hodgson and Kershaw, J., 1929, 1553) or by alkaline conversion (IV). 


ie (8+) 
wo< Sens i Na {6>-< NY N 
(III. Repulsion instead of attraction.) (IV.) 


This inhibition by the fluorine atom in the case of m-fluorophenol itself is sufficient to 
reduce the activity of the neighbouring carbon atom in position 4, so that nitrosation in 
aqueous solution, and also condensation with 4-nitrosodimethylaniline, occur preferentially 
in position 6 (Hodgson and Nicholson, J., 1939, 1405). This inhibition is also shown by the 
fact that 3-fluoro-4-nitrosophenol is not attacked by diazomethane. This non-reactivity 
is in marked contrast with the almost quantitative formation of glyoxime NN’-di-2-chloro- 
4-methoxyphenol ether when 3-chloro-4-nitrosophenol is treated with diazomethane. 

Synthesis of 3-Fluoro-6-nitrosophenol_—This compound was prepared from 3-fluoro-6- 
nitrophenol by successive methylation, reduction, oxidation, and demethylation, as in the 
case of 3-fluoro-4-nitrosophenol. It proved to be very stable, did not give a Liebermann 
reaction, and did not condense with dimethylaniline. 

Cobalt Salts ——As would be expected, 3-fluoro-6-nitrosophenol forms a co-ordinated 
cobalt salt, whereas the cobalt salt of 3-fluoro-4-nitrosophenol is not co-ordinated. 


EXPERIMENTAL. 


Synthesis of 3-Fluoro-4-nitrosophenol_—An intimate mixture of 3-fluoro-4-nitrophenol (2 g.), 
potassium carbonate (2 g.), and methyl sulphate (1 c.c.) was heated on the water-bath for 5 
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minutes and then steam-distilled, the volume of liquid in the flask being kept as small as possible. 
3-Fluoro-4-nitroanisole passed over, and a further quantity was obtained by adding more 
potassium carbonate (1 g.) and methyl sulphate (0-5 c.c.) to the residual liquor, which was then 
warmed and steam-distilled. 3-Fluoro-4-nitroanisole (1-5 g.) crystallised from light petroleum 
in colourless needles, m. p. 56-5° (Hodgson and Nixon, J., 1928, 1879, give m. p. 565°). This 
method is more convenient than treatment of the silver salt of 3-fluoro-4-nitrophenol with 
methyl iodide. 

3-Fluoro-4-aminoanisole was obtained by reduction of 3-fluoro-4-nitroanisole with iron and 
alcoholic hydrochloric acid and isolated by steam distillation after the liquor had been made 
alkaline. It crystallised from water in long colourless needles, m. p. 50° (Found: N, 10-1. 
C,H,ONF requires N, 9-9%). 


3-Fluoro-4-nitrosoanisole was prepared from 3-fluoro-4-aminoanisole by oxidation with. 


Caro’s acid (cf. Hodgson and Kershaw, J., 1929, 1553) for a few minutes. On steam-distillation 
it was obtained as a dark green oil, which solidified on cooling and then crystallised from light 
petroleum in long blue-green needles, m. p. 46° (Found: N, 9-3. C,H,O,NF requires 
N, 9-1%). 

The emerald-green solution of 3-fluoro-4-nitrosoanisole in methyl alcohol (4 c.c.), when 
shaken with concentrated hydrochloric acid (1-5 c.c., d 1-16) for 5 minutes, became deep red 
and heat was evolved. The liquid was allowed to evaporate in the air, and the 3-fluoro-4- 
nitrosophenoi crystallised from benzene, forming dark green, rectangular plates, m. p. 161° 
(Found: N, 9-9. Calc. for C,H,O,NF: N, 9-9%). 

Nitrosation of m-Fluorophenol.—Sodium nitrite (1-5 g.) was dissolved in concentrated 
sulphuric acid (15 c.c., d 1-84), the solution cooled to 0°, and ice (7 g.) added without stirring. 
When all the ice had dissolved, the whole was again cooled by an external freezing mixture, 
and a solution of m-fluorophenol (1 c.c.) in pyridine (7-5 c.c.) added dropwise with vigorous 
stirring during 30 minutes so that the temperature never rose above 10°. The mixture was 
stirred for a further 5 minutes and then poured into water (150 c.c.). The solid which separated 
was washed with water and dried in the air. It was a mixture of a red and a green compound; 
the latter was extracted with benzene, from which it separated in dark green crystals, m. p. 
161° (Found: N, 10:0%; M, cryoscopic in phenol, 139. Calc.: M, 141), unchanged by 
synthetic 3-fluoro-4-nitrosophenol. 

The 4-nitroso-structure was confirmed by comparison with 2-chloro,- 3-chloro-, and 
3-bromo-4-nitrosophenols. In all cases a blue-green colour was obtained with cold o-chlorophenol 
and concentrated sulphuric acid, and a yellow-green colour with m-chlorophenol and concen- 
‘trated sulphuric acid. 

Synthesis of 3-Fluoro-6-nitrosophenol.—3-Fluoro-6-aminoanisole was obtained as a steam- 
volatile yellow-brown oil by the reduction of 3-fluoro-6-nitroanisole (Hodgson and Nixon, J., 
1928, 1879). The acetyl derivative crystallised from water in colourless needles, m. p. 132° 
(Found: N, 7-9. C,H,O,NF requires N, 7:7%). 

3-Fluoro-6-nitrosoanisole was obtained, by oxidation of 3-fluoro-6-aminoanisole with Caro’s 
acid (loc. cit.), as a yellow-brown steam-volatile solid, m. p. 150° (Found: N, 8-9. C,H,O,NF 
requires N, 9:1%). With cold phenol and concentrated sulphuric acid it gave a dark blue 
colour. 

3-Fluoro-6-nitrosophenol was obtained by demethylation of 3-fluoro-6-nitrosoanisole with 
concentrated sulphuric acid in methyl alcohol. On evaporation of the solution, it separated as a 
very dark micro-crystalline solid which had no m. p. (Found: N, 10-0. C,H,O,NF requires 
N, 9-9%). It gave with concentrated sulphuric acid a purple colour, which remained unaltered 
when phenol also was present. 

The Cobalt Salts of 3-Fluoro-4-nitroso- and 3-Fluoro-6-nitroso-phenol.—(a) Cobalt sali of 
3-fluoro-4-nitrosophenol. A solution of the phenol in methyl alcohol was diluted gradually 
with water until signs of precipitation appeared and was then added to a very dilute solution 
of cobalt nitrate jn 50% aqueous methylalcohol. The dark red-brown cobalt salt was immediately 
precipitated in micro-plates, m. p. 130—140° [Found: N, 8-7. (C,H,O,NF),Co requires N, 
8-7%]. It gave the same Liebermann nitroso-reaction as the original substance, and was 
moderately easily soluble in chloroform, giving a red solution which was yellow in thin layers. 
It was decomposed by aqueous sodium hydroxide to give a red-brown mixture, from which 
cobalt sulphide was precipitated by hydrogen sulphide. 

(b) The co-ordinated cobalt salt of 3-fluoro-6-nitrosophenol. m-Fluorophenol (1 g.), dissolved 
in water (200 c.c.) containing sulphuric acid (1 c.c., d 1-84), was shaken with finely powdered 
sodium cobaltinitrite (0-7 g.). The mixture turned red immediately and a dark maroon solid 
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began to form after about an hour; after 3 hours this was filtered off. The compound was very 
soluble in chloroform, giving a deep red solution which was red in thin layers, and moderately 
easily soluble in benzene, ether, and methyl alcohol. It was unaltered by aqueous sodium 
hydroxide, and separated from chloroform in maroon plates, m. p. ca. 105° [Found: N, 8-7. 
(C,H,O,NF),Co requires N, 8-7%], which gave a purple colour with concentrated sulphuric 
acid, either alone or in the presence of phenol. This colour was identical with the purple colour 
given by 3-fluoro-6-nitrosophenol, which substance also gave an identical co-ordinated cobalt 
salt by procedure (a). 


The authors desire to thank Imperial Chemical Industries Ltd. (Dyestuffs Group) for gifts 
of chemicals. 
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238. Constituents of the Leaves of Certain Leucadendron Species. Part 
III. Ovxidations of Leucodrin Derivatives with Periodic Acid and 
Lead Tetra-acetate. 


By WILLIAM SAGE RaAPSON. 


Quantitative oxidations of both the hydrated and the unhydrated forms of leucodrin 
methyl ether and leucodrin tetramethyl ether with periodic acid and lead tetra-acetate 
have been carried out. Although interpretation of the results in terms of a full 
structure for leucodrin has not been possible, it seems certain that leucodrin has the 
partial structure (II), and possibilities with regard to the finer details of its structure 
are discussed in the light of this, and the other new data obtained. 


In Part II (J., 1939, 1085) two alternative formulations were suggested for leucodrin, 
namely, (I) and (II). These were based on the isolation of anisylsuccinic acid as a product 
of the action of alkaline hydrogen peroxide on leucodrin methyl ether, and on a demon- 
stration of the close proximity of the three alcoholic hydroxyl groups present in its structure. 
The anisylsuccinic acid was isolated in these experiments in its racemic modification. It 
has now been isolated in an optically active form by treatment of hydrated leucodrin methyl 
ether with periodic acid, and has been shown to racemise with ease in alkaline media. The 
facts that epimerisation phenomena have not been observed in a study of leucodrin and of 
its derivatives, and that this optically active modification could be obtained from leucodrin 
methyl ether after prolonged heating with alkalis, seem definitely to exclude structures of 
type (I). 


(p)HO-C,H,-CH-CH,°CsH,0,°CO-0- (p)HO-C,H,-CH-C,H,0,°CO-0- 
Cc CH,*CO-0- (i1.) 


In the C;H,O, residue of (II) there are to be accommodated three alcoholic hydroxyl 
groups, and points of ring closure for the two lactone groups, so that all the five carbon 
atoms are oxygenated. Both lactone ring systems have been established as being fairly 
stable, since mutarotation has not been observed on solution of leucodrin in aqueous or 
aqueous-alcoholic media; and on acidification of alkaline solutions of leucodrin and of 
leucodrin methyl ether, the optical rotatory powers of the solutions reverted during 80— 
100 hours to those recorded for solutions of the corresponding lactonic forms. The slowness 
with which the lactone ring systems are re-formed after acidification of alkaline solutions 
of leucodrin and its derivatives has allowed oxidations to be effected in two different ways. 
In acid media it has been found possible to effect oxidations without hydration of the lactone 
groups occurring, and, for example, both lead tetra-acetate and periodic acid reacted 
stoicheiometrically with leucodrin methyl ether, giving up two equivalents of oxygen and 
generating one mol. of formaldehyde. On the other hand, when leucodrin or its methyl 
ether was dissolved in alkali, and the solution acidified with excess of periodic acid, eight 
equivalents of oxygen were absorbed. At the same time still the one mol. of formaldehyde 


was formed, and the other identified product of the reaction was anisylsuccinic acid in an 
4P 


(I.) 


“O- 
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optically active form. Lead tetra-acetate reacted slightly differently when its acetic acid 
solutions were added to alkaline solutions of leucodrin methyl ether. Approximately 15 
equivalents of oxygen were absorbed, but still the one mol. of formaldehyde was produced. 
It is probable, from the amount of formaldehyde generated in this reaction, and from the 
amount of oxygen absorbed, that but the one CH,°O group is present in the C;H,O, 
residue, and that this therefore contains but the one branch in its carbon skeleton; and 
from the formation of anisylsuccinic acid and not one of its half-aldehydes in the periodic 
acid oxidation, this branch must occur as in (III) in the hydrated form of the leucodrin 
structure. 


C<OH 


($)HO-C,HyCH-C-OH err 
me (p)MeO-C,H,-CH——C-CH(OH)-CH-CH(OH)-CH,"OH (V.) 
Git) CO0H CH,*CO-O 
H,"CO,H 


(p)MeO-C,H,-CH———C(OH)-CH-CH(OH)-CH,-OH 
CH,CO-O-CH-CO-O (vt) 


Support for this comes from similar oxidation experiments with leucodrin methyl ether. 
This substance was unattacked when its alkaline solutions were acidified with periodic acid, 
indicating that the alcoholic groups of the hydrated material are not on adjacent carbon 
atoms. When its alkaline solutions were acidified with acetic acid solutions of lead tetra- 
acetate, however, two equivalents of oxygen were absorbed, and a monobasic acid C,gH 4,0, 
(IV) formed. This corresponds to the oxidation of a >C(OH)-CO,H group in hydrated 
leucodrin tetramethyl ether to >CO. Two alternative structures (V) and (VI) appear 
possible for leucodrin methyl ether according as to whether the hydroxyl group involved 
in this oxidation is in the y- or the 8-position with respect to the other carboxyl group. 

Neither of these is completely satisfactory. The oxidation of the hydrated form of 
(V) with periodic acid would be expected to yield 1-keto-2-anisylglutaric acid, and not 
anisylsuccinic acid. On the other hand, structure (VI), while explaining the production 
of three equivalents of acid (as yet unidentified in character) in the periodic acid oxidation 
of hydrated leucodrin methyl ether, fails in one important respect. Such a structure 
should yield glyoxylic acid as one product of such oxidation. The elegant method of Fosse 
and Hieulle (Compt. rend., 1925, 181, 286) has, however, repeatedly failed to show the 
presence of this acid among the products of this oxidation. 

Other modes of degradation have not thrown any further light on this structural 
problem. Unsuccessful attempts have been made to determine the nature (aldehydic or 
ketonic) of the carbonyl group which must be present in (IV). But (IV) has proved un- 
reactive towards ketonic reagents, and has given intractable products with even the mildest 
oxidising agents. Similar results were experienced when working with its bromo-deriv- 
ative, prepared by the oxidation of bromoleucodrin tetramethyl ether with lead tetra- 
acetate. In further experiments unsuccessful attempts were made to reduce leucodrin 
tetramethyl ether by the action of sodium and absolute alcohol, and similar failure attended 
attempts to reduce the lactone groups of this substance by the action of sodium 
in acid media (cf. Wolff, Annalen, 1881, 208, 109). Oxidation experiments with the 
leucodrin dimethyl ether already described (Part II, loc. cit.) gave no significant results, 
and attempts to prepare other partially methylated leucodrins have failed. Reductions of 
leucodrin with phosphorus and hydriodic acid have been carried out, but have yielded only 
intractable products. 

EXPERIMENTAL. 


Mutarotation Experiments.—(a) Leucodrin. The value [a]}7” — 19-2° (c, 3-5 in 40% alcohol) 
remained unaltered after 100 hours. In order to follow the closure of the lactone rings of 
leucodrin polarimetrically, the solution used for the above determination (25 c.c.) was treated 
with n-alkali (10 c.c.), kept for 10 minutes, and then acidified with dilute sulphuric acid and 
made up to 50 c.c. Found immediately: [a«]}§ + 25-7° (c, 1-75); after 17 hours [aJ}* 0°; 
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after 100 hours [a]}* —18-5°.  (b) Leucodvin methyl ether. The value [a]}” —19-9° (c, 3 in 40% 
alcohol) also was unaltered by standing. The solution used for the determination (25 c.c.) was 
treated with alkali, and the solution acidified and made up to 50 c.c. as described above. Found 
immediately : [a]}*" + 21-9° (c, 1-5); after 18 hours, [a] 0°; after 80 hours [a]>” — 16-2°. At 
this stage leucodrin methyl ether crystallised from the solution, and no more observations 
were possible. 

Oxidations of Leucodrin Methyl Ether in the Lactonic Form.—(a) With periodic acid. The 
leucodrin methyl ether (ca. 20 mg.) was dissolved in water (20 c.c.), and a measured excess of 
2% periodic acid solution added. After 2 hours reaction was complete, and the decrease in 
the oxidising power of the solution was determined iodometrically (Found : oxygen absorbed, 
1-98 equivs.). 

To determine the amount of formaldehyde generated in this reaction, leucodrin methyl 
ether (ca. 250 mg.) was dissolved in water, excess of periodic acid solution added, and the mixture 
kept in a stoppered bottle for 2 hours. Saturated sodium acetate solution (30 c.c.) was added, 
followed by a 70% solution of dimedon in alcohol (6 c.c.). The solution was shaken at frequent 
intervals during 3 hours, and the crystalline precipitate then collected (Found : CH,O formed, 
0-96 mol.). 

In an attempt to isolate the other product of the reaction, the mixture after oxidation had 
been effected was shaken with barium carbonate for 2 hours, and the liquid filtered from in- 
soluble salts and evaporated in a vacuum (bath temperature 50°). The residue was sticky and 
contained enmeshed crystals of inorganic matter. Efforts to purify and characterise it failed. 

(b) With lead tetrva-acetate. A weighed amount of leucodrin methyl ether was treated with 
an excess of standard n/10-lead tetra-acetate (McClenahan and Hockett, J. Amer. Chem. Soc., 
1938, 60, 2061) and kept for 4 hours, and the decrease in the oxidising power of the solution 
determined by adding solutions of sodium acetate and potassium iodide and titrating the 
liberated iodine with thiosulphate (Found : oxygen absorbed, 2-00 equivs.). 

Oxidations of Leucodrin Methyl Ether in the Hydrated Form.—(a) With periodic acid. The 
leucodrin methyl ether (ca. 10 mg.) was dissolved in n/10-sodium hydroxide (10 c.c.), and an 
excess (10 c.c.) of a standardised solution of potassium periodate in dilute sulphuric acid added. 
After 2 hours the oxidising power of the solution was determined iodometrically and compared 
with that in a suitably conducted blank experiment (Found: oxygen absorbed, 8-04 equivs.). 

To determine the formaldehyde formed in this reaction, leucodrin methyl ether (ca. 250 
mg.) was oxidised as above, and the formaldehyde—dimedon condensation product then pre- 
cipitated as described in the case of the oxidation in the lactonic form (Found : CH,O formed, 
1-01 mols.). 

The determination of the acidity developed in the reaction was complicated by the fact 
that acidimetric estimations with phenolphthalein as indicator were impossible in the presence 
of periodic acid. In practice it was found feasible to reduce all the periodic acid to iodic acid 
with ethylene glycol before carrying out the titrations. Leucodrin methyl ether (ca. 300 mg.) 
was dissolved in an excess of N/10-alkali, and the solution made neutral to phenolphthalein with 
acid. An excess of a periodic acid—sulphuric acid solution was added, and the mixture kept for 
2hours. The excess of periodic acid was then reduced by the addition of a few drops of ethylene 
glycol, and after 2 hours the acidity of the solution was determined by titration with n/10- 
baryta solution and compared with that obtained in an analogously conducted blank experiment 
(Found: acidity generated in the reaction, 2-95 equivs.). 

In a further experiment leucodrin methyl ether (2 g.) was dissolved in n-alkali (15 c.c.), and 
a solution of potassium periodate in excess of dilute sulphuric acid solution added. After 2-5 
hours, the solution was saturated with ammonium sulphate and extracted with ether. The 
ethereal extracts were washed with sodium thiosulphate solution and dried, and the ether 
evaporated. The residue was acidic and was recrystallised from water, from which it separated 
in prismatic needles. It sintered in the m. p. tube at 188-5—190° and formed a meniscus at 
196—198°. This behaviour was not altered by repeated crystallisation [Found : equiv., 112-5. 
Calc. for C,,H,,0, (dibasic) : equiv., 112]. Its m. p. was raised by admixture with the anisyl- 
succinic acid obtained from leucodrin methyl ether by the action of alkaline hydrogen peroxide 
(J., 1939, 1088). After heating in 20% sodium hydroxide solution for 8 hours, however, its 
crystal form altered and its m. p. rose to that of this material. At the same time its optical 
activity, [a] approx. — 100° (c, 1 in 50% alcohol), disappeared. This same product, presumably 
l-anisylsuccinic acid, was also isolated when leucodrin methyl ether was oxidised as above, after 
12 hours’ previous heating on the water-bath with 20% potassium hydroxide solution. 

Attempts to characterise glyoxylic acid as a product of this reaction were made as follows : 
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Leucodrin methyl ether (ca. 300 mg.) was dissolved in n/10-alkali (25 c.c.), and an excess of 
periodic acid—sulphuric acid mixture added. After 2 hours the excess of periodic acid and the 
iodic acid formed in the reaction were removed by pouring the further acidified mixture into a 
slight excess of sodium sulphide solution. Sodium acetate was then added, followed by hydrazine 
hydrate (5—6 drops). On addition of a solution of xanthydrol (1 g.) in acetic acid (110 c.c.), 
and subsequent dilution of the reaction mixture to 500 c.c., turbidity developed and a precipitate 
formed on shaking. This was collected, but no acidic material could be extracted from it with 
alcoholic sodium hydroxide solution (cf. Fosse and Hieulle, Compt. rend., 1925, 181, 286). The 
fact that the acidic condensation product of glyoxylic acid could be isolated if tartaric acid was 
added to the initial reaction mixture established the correctness of the procedure. 

(b) With lead tetva-acetate. Leucodrin methyl ether (ca. 50 mg.) was dissolved in an excess 
of n/10-alkali, and into the solution was run an excess of n/10-lead tetra-acetate solution in 
acetic acid. After 4 hours the remaining lead tetra-acetate was estimated iodometrically (Found : 
oxygen absorbed, 14-95 equivs.). 

To determine the amount of formaldehyde generated in this reaction, the leucodrin methyl 
ether (ca. 70 mg.) was dissolved in alkali, and just a few drops less than the calculated amount of 
lead tetra-acetate solution run in. When the oxidising agent had disappeared, the reaction 
mixture was cooled in ice, a 6% alcoholic solution of dimedon (5 c.c.) added, and the acetic 
acid almost neutralised by the careful addition of 50% potassium hydroxide solution. As the 
neutral point was approached, the solution became turbid and crystals separated. The solution 
was diluted with water, and after 4 hours the condensation product was collected, and its purity 
established by a mixed m. p. determination (Found: CH,O formed, 0-99 mol.). The. general 
application of lead tetra-acetate for oxidations in aqueous acetic acid media was described by 
Baer, Grosheintz, and Fischer (J. Amer. Chem. Soc., 1939, 61, 2607) after the above experiments 
had been effected. 

Oxidation of Leucodvin Tetramethyl Ether in the Hydvated Form with Lead Teiva-acetate.— 
Quantitative experiments were carried out as already described for leucodrin methyl ether 
(Found: oxygen absorbed, 2-06 equivs.). In order to isolate the product of the oxidation, 
leucodrin tetramethyl ether (2 g.) was dissolved in an excess of n/10-alkali, and to the solution 
was added just more than the calculated amount of lead tetra-acetate solution. After 4 hours 
the excess of the oxidising agent was destroyed by the addition of a drop of lactic acid, and the 
reaction mixture was evaporated in a vacuum (bath temperature 55°). Water was added to the 
residue, and the organic matter extracted with ether. Evaporation of the washed and dried 
extracts gave a clear viscous residue, which crystallised in contact with water. It was purified 
by repeated separation from alcohol with water, separation in a crystalline condition (plates) 
occurring only after considerable dilution. The material melted indefinitely at 73—76-5° 
and this, and its peculiar behaviour during recrystallisation, were established as due to the 
presence of water of crystallisation—the anhydrous compound being a viscous substance which 
could not be induced to crystallise [Found (crystalline material): C, 55-8; H, 7-1; H,O lost 
at 100°, 4:5; equiv. (approx.), 380. C,,H,,0,,H,O (monobasic) requires C, 55-7; H, 7-2; 
H,O, 46%; equiv., 388]. It gave no semicarbazone or 2: 4-dinitrophenylhydrazone, and 
although it reduced silver oxide in suspension in dilute sodium hydroxide solution, no crystalline 
product of the reaction could be isolated. Acetylation experiments yielded similar intractable 
products, and after being left in acetone containing hydrogen chloride (0-5%) for 24 hours the 
substance was recovered unchanged. With nitric acid extensive oxidation occurred. 

Oxidation of Bromoleucodrin Tetramethyl Ether in the Hydrated Form with Lead Tetra-acetate.— 
This was effected as already described for leucodrin tetramethyl ether. The product was 
recrystallised from dilute acetic acid, separating in radiating clusters of prisms, m. p. 178° 
(decomp.) (Found : equiv., 450. Calc. for C,,H,,O,Br: equiv., 449). No characterisable 


product was obtained from it by the action of a suspension of strontium carbonate in bromine 
water. 


UNIVERSITY OF CAPE Town, SOUTH AFRICA. [Received, June 24th, 1940.] 
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239. Ultra-violet Absorption Spectra of Nitrogenous Heterocyclic Com- 
pounds. Part II. Effect of py and Irradiation on the Spectrum of 
Barbituric Acid. 


By Joun R. LoorBourow and Miriam M. STIMSON. 


The ultra-violet absorption of barbituric acid in aqueous solution at various p,y’s 
changed from a maximum molecular extinction of 31,000 at pg 7-0 to 25,000 at pg 11-0 
and to a minimum of 6800 at pg 3, the lowest py investigated. The marked change in 
absorption with change in pg is consistent with the theory that tautomerism of the 
amide—imidol type is responsible for the change, since three groups in this molecule 
can undergo such isomerisation. The sharp peak at py, 7-0 indicates the additive 
absorption of several groups with similar absorbing characteristics. Ultra-violet 
irradiation resulted in a rapid progressive decrease in extinction at the 2600 a. maxi- 
mum, followed by increased absorption in the short-wave and the long-wave region 
of the spectrum. 


THE ultra-violet absorption spectrum of barbituric acid has been reported by several 
workers (Macbeth, Nunnan, and Traill, J., 1926, 1248; Marchlewski and Wiersuchowska, 
Bull. Acad. Polonaise, 1929, A, 66; Castille and Ruppol, Bull. Soc. Chim. biol., 1928, 10, 
623; Heyroth and Loofbourow, J]. Amer. Chem. Soc., 1934, 56, 1728; Fredholm, Diss., 
Upsala, 1937), but only for limited ~,’s. As stated in Part I (this vol., p. 844), Heyroth 
and Loofbourow (loc. cit.) suggested, because of the markedly greater change of absorption 
with change in pg which they found for uracil (J. Amer. Chem. Soc., 1931, 54, 3441) and 
for guanine (loc. cit., 1934) than that reported by Holiday (Biochem. J., 1930, 24, 619) for 
adenine, that tautomerism of the amide-imidol type (NH-(O == N:C-OH) might account 


for the influence of #y on the absorption of purines and pyrimidines. Although we reported 


. in Part I (loc. cit.) that, contrary to Holiday’s data, the spectrum of adenine does change 


appreciably in response to py change, yet this effect (attributed by us to tautomerism of 
the imidine type: N-:C-NH, <> NH:C-NH) is less than that reported for uracil (Heyroth 
and Loofbourow, Joc. cit., 1931), which contains two carbonyl groups, or for guanine 
(Holiday, loc. cit.; Heyroth and Loofbourow, loc. cit., 1934), which contains one. It seems 
probable, therefore, that amide-imidol tautomerism may account primarily for the relation 
of absorption to py in those purines and pyrimidines in which such tautomerism is possible. 
If this is true, barbituric acid, which contains three carbonyl groups and can theoretically 
undergo a large number of tautomeric rearrangements, some of which are shown in formulz 
(II)—(V), should show especially marked influence of g on absorption. We therefore 
undertook a study of the absorption of this acid over a wide range of py. The results 
show that the change of absorption of this compound with change in yg is more marked 
than that hitherto reported for any other purine or pyrimidine, and thus substantiate the 
hypothesis with regard to the influence on absorption of tautomerism of the amide—imidol 
type. 

Tautomerism of Barbituric Acid.—The triketonic form of the acid (I) can give three 
monoenolic forms (II, III, and IV) and five dienolic forms. The trienolic form (V) would 
predominate in alkaline solution. 


HN-GO  -HN-GO- HN-GOH = N=G-0H N=C-0H 

OF CH, HOt CH, OC GH OF CH, HOt, CH 

HN—CO N—CO HN—CO HN—CO N—C-OH 
(I.) (II.) (III.) (IV.) (V.) 


EXPERIMENTAL. 


Barbituric acid (Eastman) was thrice recrystallised from aqueous alcohol. Glass-distilled 
water, preserved in Pyrex flasks, was used for all solutions. Kolthoff buffers were employed 
for adjusting the p,, solutions of the buffers alone, at appropriate concentrations, being used 
in the comparison cell in determining spectra. The concentration used for spectra was 7:7 mg. 











1276 Ultra-violet Absorption Spectra, etc. Part II. 


per ml. (2-cm. cells). Details of the spectrographic technique, methods of irradiation, etc., 
were published in Part I (Joc. cit.). 

Figs. 1 and 2 show the influence of pg on the barbituric acid absorption spectrum. [The 
extinction coefficient is given by (1/cd) log,, I,/I,, with c in g./l.anddincm.] At pg 7, there 
is a sharp maximum at 2590 a. with a molecular extinction of 31,000. Unbuffered solutions 
at the concentrations employed had a pg of approximately 5. At pq 5-0, we found a molecular 
extinction of 26,000, which compares with Castille and Ruppol’s value of 20,000 and Heyroth 
and Loofbourow’s of 25,000 for unbuffered solutions. 
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Maximum extinction occurred at pg 7-0, change of pg towards the acid side resulting in 
more marked decrease in absorption than change towards the alkaline side. No doubt, Macbeth, 
Nunnan, and Traill (loc. cit.) failed to note this effect of p, because they examined only the 
unbuffered aqteous solution and one containing n/10-sodium hydroxide, thus, by accident, 
choosing two curves on opposite sides of the ~, 7 maximum, for which the extinction would 
be expected (from our data) to be approximately the same. 

The maximum on our curves is resolved into two or three subsidiary peaks which may well 
correspond to the contributions to the absorption of individual unsaturated groups in the 
molecule. The narrowness and steepness of the curves for py’s near 7 are presumably caused 
by the absorptions contributed by each of the absorbing groups all having their maxima at 
approximately the same wave-length. This is borne out by the fact that the subsidiary peaks 
on all the curves lie approximately within the limited range 2550—2600 a. If one can assume 
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that at the most acid pg the molecule is in the form (I), and at the most alkaline py, in the 
form (V), this implies that in barbituric acid the influence of substituent groups, etc., is such 
that all possible C—O, C—N, and C—C groups, in the various tautomeric forms, contribute 
absorption at approximately the same wave-length. Since the minimum absorption occurs at 
the most acid py, the contribution of C—O groups to the absorption is apparently less than 
that of C—N or C—C groups. 

The explanation of the occurrence of greatest absorption at pq 7 may lie in the many 
theoretically possible resonating forms of this compound in the intermediate py range. 
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In addition to the molecular rearrangements discussed, salt formation in alkaline solution 
and addition of hydrogen chloride to the nitrogen atoms in acid solution must be considered 
as possible effects contributing to the influence of pg on absorption. Further discussion of 
the various factors influencing absorption in relation to pg is deferred until data for the 
remaining compounds in the series are obtained. 

Ultra-violet irradiation of barbituric acid in unbuffered solution at pg 4-6 resulted in marked 
progressive decrease in extinction (see Fig. 3). This is in contrast to the negligible change 
found under the same conditions for adenine (this vol., p. 848). As will appear from the sub- 
sequent papers, lability to ultra-violet irradiation in this series of compounds appears to parallel 
closely the number of carbonyl groups in the molecule. 


RESEARCH LABORATORIES OF INSTITUTUM Divi THOMAE, CINCINNATI, OHIO, 
AND OF SIENA HEIGHTS COLLEGE, ADRIAN, MICHIGAN. [Received, July 12th, 1940.] 





240. The Action of Selenium at High Temperatures on gem-Methylethyl 
; Groups. 
By R. L. BARKER and G. R. CLEmo. 


It has been shown that in the selenium dehydrogenation of hydroaromatic 
compounds containing gem-methylethyl groups, the ethyl group is eliminated. 


IN a previous communication (J., 1937, 255) it was pointed out that, if the group occupying 
the 7-position in abietic acid were a gem-methylethyl group instead of the postulated iso- 
propyl group, this acid would follow the isoprene “ head to tail” rule instead of being a 
notable exception. If this were so, then such a group must be converted into an ssopropyl 





1278 The Action of Selenium at High Temperatures, etc. 


group by the action of selenium at high temperatures, since retene is obtained in this way 
from abietic acid. The literature appears to contain no record of selenium dehydrogenation 
of compounds containing such groups and therefore it was decided to investigate this problem 
in order to determine whether the necessary rearrangement occurs or whether one of the 
groups is eliminated, leading to either an ethyl- or a methyl-substituted hydrocarbon. 

8-1-Naphthoyl-«-methyl-«-ethylpropionic acid (I), obtained by the condensation of 
naphthalene and «-methyl-«-ethylsuccinic acid, was reduced by the Clemmensen method 
to y-1-naphthyl-a-methyl-a-ethylbutyric acid, which on ring closure gave 1-keto-2-methyl-2- 
ethyl-1 : 2 : 3 : 4-tetrahydrophenanthrene. 

2-Methyl-2-ethyl-1 : 2 : 3 : 4-tetrahydrophenanthrene (II) and 1-hydroxy-1 : 2-dimethyl- 
2-ethyl-1 : 2 : 3 : 4-tetrahydrophenanthrene (III) were obtained from this cyclic ketone by 
Clemmensen reduction and condensation with methylmagnesium iodide, respectively. 


OV\/\ 
OX) 
WN\F 
(0 
CH,°CMcEt-CO,H 
(I.) 


Both these compounds on selenium dehydrogenation eliminated the ethyl group, (II) 
giving 2-methylphenanthrene and (III) 1 : 2-dimethylphenanthrene. Thus it is apparent 
that there cannot be a gem-methylethyl group occupying the 7-position of abietic acid, 
especially as in both the above compounds the group under investigation occupies the same 
position as it would, if present, occupy in abietic acid. 

From the condensation of naphthalene and «-methyl-«-ethylsuccinic acid, only one 
compound has been isolated so far and not two as expected (J., 1932, 1125). That con- 
densation occurs in the 1- and not in the 2-position and gives (I) instead of one of. the three 
other possibilities is proved by the result of the selenium dehydrogenation of (II) and (III). 
Attempts to prove the l-naphthoyl structure by fusion with potassium hydroxide were 
fruitless, fission occurring between the keto-group and the naphthalene nucleus. 


EXPERIMENTAL. 


a-Methyl-a-ethylsuccinic Anhydride (J., 1906, 89, 1467).—Methyl ethyl ketone cyanohydrin 
was condensed with ethyl cyanoacetate in alcoholic sodium ethoxide solution, giving ethyl 
a8-dicyano-f-methyl-$-ethylpropionate in 40% yield. This was hydrolysed quantitatively to 
a-methyl-a-ethylsuccinic acid (m. p. 104°), which was converted in 80% yield into its anhydride, 
a liquid, b. p. 130°/12 mm., by treatment with acetyl chloride. 

B-1-Naphthoyl-a-methyl-a-ethylpropionic Acid (I).—Naphthalene (15 g.) and a-methyl-a- 
ethylsuccinic anhydride (7-5 g.) were added gradually with shaking to a cold solution of alum- 
inium chloride (18 g.) in nitrobenzene (38 c.c.). After 12 hours, dilute hydrochloric acid was 
added and the excess of naphthalene and the nitrobenzene were removed by steam-distillation. 
The residue was cooled, washed with water, dissolved in sodium carbonate solution, filtered, and 
acidified (hydrochloric acid). The hard cake of crude acid was washed with water and crystal- 
lised from glacial acetic acid, giving small prisms (6-8 g.), m. p. 132—133°. From the mother- 
liquor a further 3-5 g. of impure acid, m. p. 115—130°, were obtained. The combined samples 
gave the pure acid in small prisms (7 g.), m. p. 135—136°, from methyl alcohol (Found : 
C, 75-5; H, 6-8. C,,H,,O, requires C, 75-6; H, 6-7%). 

y-1-Naphthyl-a-methyl-a-ethylbutyric Acid.—B-1-Naphthoyl-«-methyl-«-ethylpropionic acid 
(I) (1 g.) was boiled with amalgamated zinc (5 g.) and concentrated hydrochloric acid (5 c.c.) 
for 24 hours. The product was diluted with water, ether-extracted, dried, and distilled. The 
acid was obtained as a colourless viscous liquid (0-7 g.), b. p. 190°/1 mm., which did not solidify 
(Found: C, 79-4; H, 7-8. C,,;H,,O, requires C, 79-7; H, 7-8%). 

1-Keto-2-methyl-2-ethyl-1 : 2: 3 : 4-tetrahydrophenanthrene.—A mixture of the preceding acid 
(1 g.) with water (2 c.c.) and concentrated sulphuric acid (6 c.c.) was warmed on the water-bath 
for 1 hour with continuous stirring. The mixture was then cooled and, after dilution with water, 
ether-extracted. The extracts were washed with water to remove sulphonated products and 
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dried over anhydrous potassium carbonate. Distillation gave the ketone as a colourless oil 
(0-6 g.), b. p. 170°/1 mm., which did not solidify (Found: C, 85-5; H, 7-4. C,,H,,O0 requires 
C, 85-7; H, 7-6%). 

The picrate crystallised from methyl alcohol in light yellow needles, m. p, 85—86° (Found : 
C, 59-3; H, 4-4. C,,H,,0,C,H,O,N, requires C, 59-1; H, 4-5%). 

2-Methyl-2-ethyl-1 : 2 : 3 : 4-tetrahydrophenanthrene.—The cyclic ketone (1 g.), boiled for 24 
hours with amalgamated zinc (5 g.) and concentrated hydrochloric acid (5c.c.), gave the required 
hydrocarbon, which was ether-extracted, dried, and distilled. It was a colourless oil, b. p, 
160°/1 mm., which was much less viscous than the original ketone (Found: C, 90-5; H, 9-0. 
C,7H_ requires C, 91:0; H, 9-0%). 

The picrate was obtained from methyl alcohol in yellow needles, m. p. 100—101° (Found : 
C, 60-9; H, 5-5. C,,H~e,C,H,O,N, requires C, 60-9; H, 5-1%). 

Selenium Dehydrogenation of 2-Methyl-2-ethyl-1 : 2: 3 : 4-tetrahydrophenanthrene.—The tetra- 
hydrophenanthrene (0-3 g.) was heated with selenium (0-5 g.) at 280—300° for 24 hours and then 
at 320° for a further 24 hours. The product was extracted while hot with chloroform, the 
solution filtered and evaporated, and the residue dissolved in ether and filtered. Distillation of 
the product over sodium gave a solid, which crystallised from methyl alcohol in colourless 
needles, m. p. 55—56° (the recorded m. p. of 2-methylphenanthrene is 55—56°; J., 1932, 1132) 
(Found: C, 93-7; H, 6-7. Calc. for C,,H,,: C, 93-7; H, 63%). 

The picrate crystallised from methyl alcohol in yellow needles, m. p. 115—116° (Haworth, 
J., 1932, 1133, gives 118°). 

Condensation of 1-Keto-2-methyl-2-ethyl-1 : 2:3 :4-tetrahydrophenanthrene with Methyl- 
magnesium Iodide, and Selenium Dehydrogenation of the Product.—A solution of the cyclic ketone 
(1 g.) in ether (10 c.c.) was added slowly to an ice-cold ethereal solution of methylmagnesium 
iodide prepared from magnesium (0-2 g.). The mixture was kept at room temperature for 12 
hours, refluxed for an hour, and decomposed with ice and dilute sulphuric acid. The ethereal 
layer was separated, dried, and distilled, giving a colourless oil (09 g.), b. p. 150—160°/1 mm. 
As some dehydration occurred on distillation, no satisfactory analyses were obtained. An 
unstable picrate, m. p. 83—84°, was obtained in yellow needles, but this decomposed on drying. 

The oil (0-2 g.) on selenium dehydrogenation as before gave 1 : 2-dimethylphenanthrene 
(0-1 g.), which crystallised in colourless plates, m. p. 139—140°, from methyl alcohol. Buten- 
andt, Weidlich, and Thompson (Ber., 1933, 66, 601) reported the m. p. as 140° (Found: 
C, 93-6; H, 6-6. Calc. for C,,H,,: C, 93-3; H, 6-7%). 

The picrate was obtained in orange needles, m. p. 148°, from methyl alcohol (Butenandt, 
Weidlich, and Thompson reported orange needles, m. p. 148°). 


UNIVERSITY OF DuRHAM, Ki1NG’s COLLEGE, 
NEWCASTLE UPON TYNE, 2. [Received, July 19th, 1940.] 





241. Arylpyridines. Part IV. 3- and 4-Pyridyldiphenyls. 
By I. M. Hersron, D. H. Hey, and A. LAMBERT. 


By the action of an aqueous solution of diazotised 3-aminodiphenyl on pyridine 
a mixture of 3-pyridyldiphenyls is obtained from which 3-a- and 3-y-pyridyldiphenyl 
are isolated. In similar manner diazotised 4-aminodiphenyl and pyridine give 4-a- 
and 4-y-pyridyldiphenyl. The same pyridyldiphenyls, together with the corresponding 
B-pyridyldiphenyls, are also obtained from the appropriate nitrophenylpyridine by 
successive reduction, acetylation, nitrosation, and reaction with benzene. The nitr- 
ation of the three isomeric 4-pyridyldiphenyls is shown to give a mixture of the 4’- and 
2’-nitro-4-pyridyldiphenyls. 


In Parts I, II, and III (this vol., pp. 349, 355, 358) it has been shown that a mixture of 
the a-, B-, and y-arylpyridine is obtained when an aqueous solution of a diazotised aryl- 
amine is added to excess of pyridine, although it has not been possible to isolate all three 
isomerides in every case. Mixtures of the hitherto unknown 3- and 4-pyridyldiphenyls 
have now been obtained by the action of diazotised 3- and 4-aminodiphenyl respectively 
on pyridine and in each case two pure isomerides have been isolated from the product. 

From the reaction between aqueous diazotised 3-aminodiphenyl and pyridine a mixture 
of 3-pyridyldiphenyls was obtained, from which 3-«- and 3-y-pyridyldiphenyl were isolated 
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by fractional crystallisation of the picrates from acetone. In a similar manner aqueous 
diazotised 4-aminodiphenyl and pyridine gave a mixture of 4-pyridyldiphenyls from which 
4-a- and 4-y-pyridyldiphenyl were isolated. 

The same pyridyldiphenyls have also been prepared from the appropriate nitrophenyl- 
pyridine by reduction to the aminophenylpyridine, followed successively by acetylation, 
nitrosation, and reaction with benzene. Thus «-, B-, and y-3-nitrophenylpyridine, isolated 
from the reaction between diazotised m-nitroaniline and pyridine (cf. Part I), have been 
separately reduced, acetylated, and nitrosated to yield the corresponding «-, f-, and 
y-3-nitrosoacetamidophenylpyridine, which reacted in the normal manner with benzene 
with evolution of nitrogen and formation of the corresponding 3-«-, 3-8-, and 3-y-pyridyl- 
diphenyl. Similarly, «-, 6-, and y-4-nitrophenylpyridine, isolated from the reaction 
between diazotised #-nitroaniline and pyridine, have been converted through the appropriate 
nitroso-compounds into 4-a-, 4-8-, and 4-y-pyridyldiphenyl. The identity of the 3-«- and 
3-y-pyridyldiphenyls as well as of the 4-«- and 4~y-pyridyldiphenyls, isolated from the 
reaction between the appropriate diazotised aminodiphenyl and pyridine, with the corres- 
ponding compounds prepared from the nitrosoacetamidophenylpyridines, places the 
constitution of these compounds beyond doubt. The sequence of reactions described above 
is summarised diagrammatically below. The reactions were carried out with both the 
m- and the p-series. 


py NO,CgHyaPy > Ac(NO)N-C,H,-oPy-> Ph-C,H, wt 
NOg'CgHyNgCl—>NO;-CoHyBPy > Ac(NO)N: C,H,bPy-> Ph-C,Hy-PyS2Ph-C,HyN, Cl 
<NO," C.HyyPy-> Ac(NO)N CH yPy> Ph-C,HyyPy 
The formation of nitroso-compounds from the six acetamidophenylpyridines was to a 
certain extent unexpected, since it was known that «-acetamidopyridine could not be 
nitrosated by means of nitrous fumes or nitrosyl chloride (Haworth, Heilbron, and Hey, 
this vol., p. 372; France, Heilbron, and Hey, this vol., p. 369), but gave instead «-acet- 
amidopyridinium nitrate. It is now evident that this inhibition to nitrosation does not 
persist when the acetamido-group is attached to the benzene nucleus in a phenylpyridine. 
In the preparation of the nitrosoacetamidophenylpyridines the nitrosyl chloride method 
described by France, Heilbron, and Hey (loc. cit.) was used. In the isolation of the nitroso- 
compounds it was frequently found that, owing to the presence of the basic pyridine ring, 
pouring into water alone did not precipitate the product unless sodium carbonate was 
added to neutralise some of the acetic acid present. 

It may be noted that in the reaction between both y-3- and :-4-nitrosoacetamidophenyl- 
pyridine and benzene, in addition to the expected y-pyridyldiphenyl, some y-phenyl- 
pyridine was also isolated. In similar manner the reaction between «-4-nitrosoacetamido- 
phenylpyridine and benzene gave both 4-«-pyridyldiphenyl and «-phenylpyridine. These 
are further examples of the dual character of the reaction of nitrosoacylarylamines with 
aromatic compounds, which may be represented thus : 


Ar-N(NO)-CO-CH, + Ar’H —> Ar-Ar’ + N, + CH,°CO,H (main reaction) 
Ar-N(NO)-CO-CH, + Ar’H —> Ar-H + N, + [CH,CO,Ar’] (side reaction) 


This same feature was revealed in the preparation of p-terphenyl from the reaction between 
dinitrosodiacetyl-1 : 4-phenylenediamine and benzene, which gave in addition some 
diphenyl (cf. Haworth and Hey, this vol., p. 361): It is highly probable that phenylpyri- 
dines are also formed in small quantities in the corresponding reactions with «-3-, B-3-, 
and -4-nitrosoacetamidophenylpyridines, but, owing to insufficiency of material and the 
fact that in these cases the phenylpyridines are liquid, they escaped detection. 

Nitration of 4-«-pyridyldiphenyl gave mainly 4’-nttro-4-«-pyridyldiphenyl together with 
a smaller quantity of an isomeride regarded as 2'-nitro-4-a-pyridyldiphenyl. Both nitro- 
compounds were reduced to the corresponding amines. In similar manner nitration of 
4-8-pyridyldiphenyl and of 4-y-pyridyldiphenyl gave 4’- and 2’-nitro-4-8-pyridyldiphenyl, 
and 4’- and 2'-nitro-4-y-pyridyldiphenyl respectively. In all three cases the 4’-nitro- 
compounds Were oxidised to #-nitrobenzoic acid, the identification of which served to 
establish the position occupied by the nitro-group. 
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EXPERIMENTAL. 
3-Pyridyldiphenyls. 


Action of Diazotised 3-Aminodiphenyl on Pyridine.—An aqueous solution of the diazonium 
chloride prepared in the usual manner from 3-aminodiphenyl (15 g.) was added slowly with 
stirring during 2 hours to pyridine (250 c.c.) at 20°. After warming to complete the reaction, 
the pyridine was removed by distillation in steam, and the tarry residue extracted with benzene. 
After removal of the benzene, distillation at 145—205°/< 1 mm. gave a mixture of 3-pyridyl- 
diphenyls as a viscous liquid (8-0 g.). By the fractional crystallisation of the picrates from 
acetone two pure compounds were obtained. The less soluble 3-y-pyridyldiphenyl picrate 
separated in small needles, m. p. 231° (Found: N, 12-2. C,,H,,;N,C,H,O,N, requires 
N, 12-2%), whereas the more soluble 3-a-pyridyldiphenyl picrate separated in large prisms, 
m. p. 169° (Found: N, 12-2%). Their identity with the corresponding compounds prepared 
as described below was shown by means of mixed melting points. 

3-Nitrophenylpyridines.—By the method described in Part I (loc. cit.), technical m-nitro- 
aniline (140 g.) gave a mixture of 3-nitrophenylpyridines (85 g.), b. p. 204—214°/14 mm., from 
which a-3-nitrophenylpyridine (24 g.), m. p. 72—73°, 8-3-nitrophenylpyridine (6-5 g.), m. p. 
100—101°, and -3-nitrophenylpyridine (6-0 g.), m. p. 108—109°, were obtained. 

3-a-Pyridyldiphenyl.—A solution of a-3-nitrophenylpyridine (14 g.) in hot alcohol (140 c.c.) 
was added to a solution of stannous chloride (75 g.) in concentrated hydrochloric acid (75 c.c.). 
When the initial reaction had subsided, the reduction was completed by boiling under reflux 
for 2 hours. After removal of most of the alcohol by distillation, a large excess of 50% caustic 
soda solution was added. The base, which separated as an oil, was extracted with ether. 
After removal of the ether, distillation at 213°/20 mm. gave a-3-aminophenylpyridine (10 g.) 
as an almost colourless, viscous liquid, which, on warming on the steam-bath with excess of 
acetic anhydride and pouring into aqueous ammonia, gave «-3-acetamidophenylpyridine; this 

ised from benzene-light petroleum (b. p. 40—60°) in colourless needles, m. p. 141—142° 
(Found: C, 73-5; H, 5-9. C,;H,,ON, requires C, 73-6; H, 5-7%). Nitrosation was carried 
out by adding a solution of nitrosyl chloride (6-0 g.) in an equal volume of acetic anhydride 
slowly to a stirred solution of «-3-acetamidophenylpyridine (10-0 g.) in a mixture of glacial 
acetic acid (60 c.c.) and acetic anhydride (30 c.c.) containing freshly fused potassium acetate 
(10 g.) and phosphoric oxide (0-1 g.) (cf. France, Heilbron, and Hey, Joc. cit.). The nitroso- 
compound, which separated as an oily solid on pouring into ice-water, was immediately 
extracted with benzene. A further quantity of the nitroso-compound, which separated on the 
addition of sodium carbonate to the aqueous layer, was also extracted with benzene and the 
combined extracts (600 c.c.), after being washed twice with water to remove acetic acid as far 
as possible, were kept at room temperature over anhydrous sodium sulphate. Nitrogen was 
slowly evolved, and after 24 hours the excess of benzene was removed. Distillation of the 
residue at 75—85° /0-002 mm. gave 3-a-pyridyldiphenyl as a viscous liquid. The picrate (10 g.) 
separated from acetone in large prisms, m. p. 169° both alone and on admixture with the picrate 
of the same m. p. described-above. Treatment of the picrate with 5% caustic soda solution 
liberated the free base as a colourless viscous liquid (Found: C, 88-5; H, 5-4. C,,H,,N 
requires C, 88-3; H, 5-6%). 

In the following five examples the conversion of the nitrophenylpyridines into the pyridyl- 
diphenyls (by successive reduction, acetylation, nitrosation, and reaction with benzene) was 
carried out exactly as described above for the conversion of «-3-nitrophenylpyridine into 
3-a-pyridyldiphenyl, except where otherwise stated. 

3-8-Pyridyldiphenyl.—Reduction of $-3-nitrophenylpyridine (6-0 g.) gave 8-3-aminophenyl- 
pyridine (4-7 g.), which after extraction from the reaction mixture with benzene c 
from chloroform-light petroleum (b. p. 40—60°) in needles, m. p. 77—78° (Found: C, 77-7; 
H, 6-1. C,,H,oN, requires C, 77-6; H, 5-9%). Acetylation gave 8-3-acetamidophenylpyridine, 
which crystallised from benzene-—light petroleum (b. p. 40—60°) in colourless needles, m. p. 
135—136° (Found: C, 73-3; H, 5:8. C,,;H,,ON, requires C, 73-6; H, 5-7%). Nitrosation 
of B-3-acetamidophenylpyridine (4-0 g.), followed by pouring into ice-water and neutralisation 
of most of the excess acid with sodium carbonate, gave the nitroso-derivative as a semi-solid 
oil, which was immediately extracted with benzene (300 c.c.). After removal of the benzene, 
distillation at 75—85° /0- 002 mm. gave 3-6-pyridyldiphenyl as a viscous liquid, which was 
purified by passing its solution in benzene through a column of alumina (Found: C, 88-1; H, 
5-8. C,,H,,;N requires C, 88-3; H, 5-6%). The picrate (3-8 g.) crystallised from acetone in 
small needles, m. p. 178—179° (Found: N, 12-4. C,,H,,N,C,H,O,N, requires N, 12-2%). 
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3-y-Pyridyldiphenyl.—Reduction of y-3-nitrophenylpyridine (5-5 g.) and extraction of the 
base with benzene gave y-3-aminophenylpyridine (4-5 g.), which crystallised from benzene—light 
petroleum (b. p. 40—60°) in long needles, m. p. 165—166° (Found: C, 77-6; H, 6-1. C,,H,,N, 
requires C, 77-6; H, 59%). ‘y-3-Acetamidophenylpyridine crystallised from dilute alcohol in 
long colourless needles, m. p. 171—172° (Found: C, 73-5; H, 5-8. C,,;H,,ON, requires C, 
73-6; H,5-7%). Nitrosation of the latter (4-0 g.), followed by pouring into water and neutralis- 
ation of most of the excess of acid with sodium carbonate, gave y-3-nitrosoacetamidopheny]l- 
pyridine (m. p. 85—86° decomp.) as a yellow solid, which was dried on a porous tile and added 
to benzene (250 c.c.). After removal of the benzene, distillation at 80—100°/0-002 mm. gave 
crude 3-y-pyridyldiphenyl as a viscous yellow liquid, which solidified on cooling. Coloured 
impurities were removed by passing a solution in benzene through a column of alumina. After 
removal of the benzene, crystallisation of the residue from light petroleum (b. p. 40—60°) gave 
pure 3-y-pyridyldiphenyl in colourless plates (2-1 g.), m. p. 81—82° (Found: C, 88-3; H, 5-7. 
C,,H,,N requires C, 88-3; H, 5-6%). The picrate crystallised from acetone, in which it was 
sparingly soluble, in small needles, m. p. 231° both alone and on admixture with the picrate 
of the same m. p. obtained above from the product of the action of diazotised 3-aminodiphenyl 
on pyridine. A small quantity of a second colourless compound was collected at about 50° 
during the high-vacuum distillation of the reaction product. It melted at 73—74° and showed 
no depression in m. p. on admixture with y-phenylpyridine. 


4-Pyridyldiphenyls. 

Action of Diazotised 4-Aminodiphenyl on Pyridine.—An aqueous solution of the diazonium 
chloride, prepared in the normal manner from 4-aminodiphenyl (27 g.), was dropped with 
stirring during 14 hours into pyridine (250 c.c.) at 20°. After warming to complete the reaction, 
the solution was poured into water, and the brown precipitate filtered off and dried. Distillation 
at 215—255°/< 1 mm. gave a mixture of 4-pyridyldiphenyls (13 g.) as a hard yellowish-brown 
solid. The picrates, prepared in glacial acetic acid solution, were fractionally crystallised from 
acetone. Two pure products were obtained, the less soluble 4-y-pyridyldiphenyl picrate separat- 
ing in long needles, m. p. 215° (Found: N, 12-0. C,,H,,;N,C,H,O,N, requires N, 12-2%), 
and the more soluble 4-a-pyridyldiphenyl picrate in small needles, m. p. 186—187° (Found : 
N, 11-9%). Their identity with the corresponding compounds prepared as described below 
was shown by means of mixed melting points. 

4-Nitrophenylpyridines.—The a-, B-, and y-4-nitropheaylpyridines were prepared from 
diazotised p-nitroaniline and pyridine as described in Part I (loc. cit.). 

4-a-Pyridyldiphenyl.—a-4-Aminophenylpyridine was prepared by the reduction of a-4- 
nitrophenylpyridine as described above for the corresponding «-3-isomeride. This method was 
found to be more convenient than that described by Forsyth and Pyman (J., 1926, 2912). 
Acetylation gave «-4-acetamidophenylpyridine, which crystallised from benzene-—light petroleum 
(b. p. 40—60°) in needles, m. p. 135—136° after drying at 100° (Found: C, 73-6; H, 5-6; 
N, 13-0. (C,3;H,,ON, requires C, 73-6; H, 5-7; N, 13-2%). On nitrosation the acetyl deriv- 
ative (30 g.) gave a-4-nitrosoacetamidophenylpyridine in almost quantitative yield as a pale 
yellow solid, which was immediately filtered off, dried on a tile (m. p. 88—89° decomp.) (Found : 
N, 17:3. C,,;H,,0,N; requires N, 17-4%), and added to benzene (1000 c.c.). After removal 
of the benzene, distillation at 70—100°/0-0006 mm. gave first a pale yellow oil (1-5 g.), which 
was identified as a-phenylpyridine by the m. p. and mixed m. p. of its picrate: subsequently 
a yellowish-white solid collected, which was purified by passing its solution in benzene through 
a column of alumina. Crystallisation of the residue obtained on evaporation of the benzene 
from either alcohol or benzene-light petroleum (b. p. 40—60°) gave 4-«-pyridyldiphenyl (16-2 g.) 
in colourless plates, m. p. 141—142° (Found: C, 88-5; H, 5-8. C,,Hy,;N requires C, 88-3; 
H, 5-6%). The picrate crystallised from acetone in small needles, m. p. 186—187° both alone 
and admixed with the picrate of the same m. p. described above. 

4-8-Pyridyldiphenyl.—B-4-Aminophenylpyridine, prepared by the reduction of §-4-nitro- 
phenylpyridine and extraction of the base with chloroform, gave §-4-acetamidophenylpyridine, 
which crystallised from dilute alcohol in needles, m. p. 181—182° (Found: C, 73-7; H, 5-9; 
N, 13-2. C,,;H,,ON, requires C, 73-6; H, 5-7; N, 13-2%). Treatment of the acetyl derivative 
(10-0 g.) with nitrosyl chloride, pouring of the solution into ice-water, and partial neutralisation 
of the excess of acid with sodium carbonate, gave B-4-nitrosoacetamidophenylpyridine in almost 
theoretical yield, as a yellow solid (m. p. 70—71° decomp.), which was added to benzene 
(350cc.). After removal of the benzene, distillation at 90—110°/0-001 mm. gave a yellowish-white 
solid, which was purified by passage over alumina as described above. Crystallisation from 
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benzene-light petroleum (b. p. 40—60°) gave 4-8-pyridyldiphenyl (5-0 g.) in colourless plates, 
m. p. 151—152° (Found: C, 88-6; H, 5-7; N, 5-9. C,,H,,N requires C, 88-3; H, 5-6; N, 
61%). The picrate, prepared in the normal manner, separated from acetone in long prismatic 
needles, m. p. 208—210° (Found: N, 12-0. C,,H,,N,C,H,O,N, requires N, 12-2%). 

4-y-Pyridyldiphenyl. —y-4-Aminophenylpyridine, prepared by the reduction of y-4-nitro- 
phenylpyridine and extraction of the base with chloroform, gave y-4-acetamidophenylpyridine, 
which crystallised from dilute alcohol in needles, m. p. 210—211° (Found: C, 73-5; H, 5-8; 
N, 13-2. C,,;H,,ON, requires C, 73-6; H, 5-7; N, 13-2%). Nitrosation of the acetyl derivative 
(4:0 g.) gave y-4-nitrosoacetamidophenylpyridine in almost theoretical yield as a yellow solid 
(m. p. 81° decomp.), which was added to benzene (100 c.c.). After removal of the excess of 
benzene, distillation at 90—100°/0-001 mm. gave a yellowish-white solid, which was purified 
by passage in benzene solution over alumina. The 4-y-pyridyldiphenyl (2-1 g.) thus obtained 
separated from benzene—light petroleum (b. p. 40—60°) in colourless plates, m. p. 209° (Found : 
C, 88-6; H, 5-7. C,,H,,N requires C, 88-3; H, 56%). The picrate, prepared in the normal 
manner, crystallised from acetone in long needles, m. p. 215° both alone and ‘admixed with the 
picrate of the same m. p. isolated above from the reaction between diazotised 4-aminodiphenyl 
and pyridine. As in the corresponding preparation of 3~y-pyridyldiphenyl from -3-nitroso- 
acetamidophenylpyridine and benzene, a small quantity of a second compound was collected 
at about 50° in the high-vacuum distillation of the reaction product and was identified by m. p. 
and mixed m. p. as y-phenylpyridine. 

Nitration of 4-a-Pyridyldiphenyl.—A solution of fuming nitric acid (d 1-5, 70 c.c.) in glacial 
acetic acid (70 c.c.) was added to a solution of 4-a-pyridyldiphenyl (10 g.) in the minimum 
quantity of glacial acetic acid at 90°. After being heated on the steam-bath for } hour, the 
mixture was cooled and poured into water. The solid which separated was washed with dilute 
alkali and with water. Several crystallisations from alcohol gave 4’-nitvo-4-«-pyridyldiphenyl 
(5-0 g.) in pale yellow plates, sparingly soluble in alcohol, m. p, 213° (Found: C, 73-6; H, 
4-5; N, 9-9. C,,H,,0,N, requires C, 73-9; H, 4:3; N, 101%). From the alcoholic mother- 
liquors a second mononitro-derivative (2-0 g.), regarded as 2'-nitro-4-a-pyridyldiphenyl, was 
isolated, which separated from dilute acetic acid in pale yellow needles, m. p. 136—137° (Found : 
C, 73-8; H, 44%). The nitrate separated from alcohol in small yellow prisms, m. p. 188—190° 
(decomp.) (Found: C, 60-5; H, 4:0. C,,H,,0,N,,HNO, requires C, 60-2; H, 3-8%). 

Oxidation of 4'-Nitro-4-a-pyridyldiphenyl.—To a solution of the nitro-compound (1-0 g.) in 
50% sulphuric acid (50 c.c.) at 100° a solution of potassium permanganate (5-5 g. in 50 c.c. of 
warm water) was added dropwise with frequent shaking during 14 hours; sulphur dioxide was 
then passed into the mixture until the precipitated manganese dioxide had dissolved. The 
solid which separated on cooling was filtered off and treated with dilute aqueous ammonia. 
Acidification of the filtered solution gave p-nitrobenzoic acid (0-2 g.) which separated from hot 
water in colourless leaflets, m. p. and mixed m. p. with an authentic specimen 232—234°. 

4’-Amino-4-a-pyridyldiphenyl.—A solution of stannous chloride (9 g.) in concentrated hydro- 
chloric acid (12 c.c.) was added to a solution of 4’-nitro-4-«-pyridyldiphenyl (2-5 g.) in hot 
glacial acetic acid (30 c.c.), and the whole heated on the steam-bath for l hour. After treatment 
with excess of alkali the base was extracted with ether. The ethereal solution exhibited a 
marked violet fluorescence. After removal of the ether, crystallisation of the residue from 
alcohol gave 4’-amino-4-a-pyridyldiphenyl (1-8 g.) in long, orange-yellow needles, m. p. 191— 
192° (Found: C, 83-0; H, 5-7. C,,H,,N, requires C, 82-9; H, 5-7%). Acetylation with 
acetic anhydride in the normal manner gave 4’-acetamido-4-a-pyridyldiphenyl, which separated 
from dilute alcohol in colourless leaflets, m. p. 236—237° (Found: C, 79-2; H, 5-7. Cj H,,ON, 
requires C, 79-2; H, 5-5%). 

2'-Amino-4-a-pyridyldiphenyl.—A solution of stannous chloride (20 g.) in concentrated 
hydrochloric acid (25 c.c.) was added to a solution of 2’-nitro-4-a-pyridyldiphenyl (3-7 g.) in 
hot alcohol (50 c.c.), and the whole heated on the steam-bath for 1 hour. After removal of 
most of the alcohol by distillation, a large excess of 40% aqueous sodium hydroxide was added, 
and the base isolated with ether as above. Crystallisation from light petroleum (b. p. 60—80°) 
gave 2’-amino-4-a-pyridyldiphenyl (2-5 g.) in clusters of almost colourless needles, m. p. 98—99° 
(Found: C, 83-0; H, 5-8. C,,H,,N, requires C, 82-9; H, 5-7%). Acetylation gave 2’-acet- 
amido-4-a-pyridyldiphenyl, which separated from benzene-light petroleum (b. p. 40—60°) in 
clusters of needles, m. p. 146—147° (Found: C, 79-4; H, 5-5. C,,H,,ON, requires C, 79-2; 
H, 5-5%). 

Nitration of 4-8-Pyridyldiphenyl_—In similar manner nitration of 4-f-pyridyldiphenyl 
(1-7 g.) yielded a pale yellow solid, which after several crystallisations from alcohol gave 
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4'-nitro-4-B-pyridyldiphenyl (0-8 g.) in long, pale yellow needles, m. p. 192—193° (Found: C, 
74:0; H, 4:6. C,,H,,0,N, requires C, 73-9; H, 4-3%). From the alcoholic mother-liquors a 
small quantity of a second mononitro-derivative, regarded as 2’-nitro-4-B-pyridyldiphenyl, was 
obtained, which separated from methyl alcohol in pale yellow needle-prisms, m. p. 124—125° 
(Found: C, 74:0; H, 4:1. C,,H,,0,N, requires C, 73-9; H, 4:3%). Oxidation of 4’-nitro-4- 
6-pyridyldiphenyl, as described for the corresponding «-isomeride, gave p-nitrobenzoic acid, 
m. p. and mixed m. p. 232—234°. 

Nitvation of 4~y-Pyridyldiphenyl.—4-y-Pyridyldiphenyl (0-9 g.) was nitrated under similar 
conditions. Crystallisation of the product from alcohol gave 4'-nityo-4-y-pyridyldiphenyl 
(0-3 g.) in long, pale yellow needles, m. p. 196—197° (Found: C, 73-8; H, 4-4. C,,H,,0,N, 
requires C, 73-9; H, 43%). From the alcoholic mother-liquors a small quantity of a second 
mononitro-derivative, regarded as 2’-nitvo-4~y-pyridyldiphenyl, was obtained, which crystallised 
from light petroleum (b. p. 60—80°) in small, pale yellow needles, m. p. 99—100° (Found : C, 
74:1; H, 4:5. C,,H,,0,N, requires C, 73-9; H, 43%). Oxidation of 4’-nitro-4~y-pyridyl- 
diphenyl, as described for the corresponding a-isomeride, gave p-nitrobenzoic acid, m. p. and 
mixed m. p. 232—234°. 


The authors thank Imperial Chemical Industries (Dyestuffs Group) Ltd. for grants and 
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242. Union of Aryl Nuclei. Part V. A Modification of the Gomberg 
Reaction. 
By J. Erxs, J. W. Hawortna, and D. H. Hey. 


The addition of aqueous sodium acetate in place of aqueous sodium hydroxide to 
a mixture of diazotised o-, m-, or p-nitroaniline and benzene results in an increase in 
the yield of the nitrodiphenyl from 21, 18, and 26% to 45, 45, and 60% respectively. 
A less marked increase in the yield of biaryl is also found with diazotised o-chloro- 
aniline and diazotised §-naphthylamine, but with a number of other diazotised 
amines the yields are less satisfactory when sodium acetate replaces sodium hydroxide. 


THE method for the union of aryl nuclei introduced by Gomberg and his co-workers 
(J. Amer. Chem. Soc., 1924, 46, 2339; 1926, 48, 1372), which may be represented thus, 
Ar-N,°OH + Ar’H —> Ar-Ar’ + N, + H,O, 

is carried out (a) by adding an aqueous diazotised amine to a cold well-stirred mixture 
of the second component Ar’H (a neutral aromatic liquid immiscible with water) and 
sufficient aqueous sodium hydroxide to make the mixture alkaline on completion of the 
addition, or (b) by adding slowly the appropriate quantity of aqueous sodium hydroxide 
to the stirred mixture of the aqueous diazonium solution and the second component. 
Grieve and Hey (J., 1938, 108) attempted to improve the yields obtained in this reaction 
by introducing variations in the experimental procedure, using diazotised aniline and 
benzene, but in no case was any marked improvement noted. One of the modifications 
thus attempted was the substitution of aqueous sodium acetate for aqueous sodium 
hydroxide in the process (b) of Gomberg, but the result was a decrease in the yield of 
diphenyl from 24 to 5%. ; 

It is now found that in the reaction with the nitroanilines the replacement of sodium 
hydroxide by sodium acetate, coupled with an extension of the time of the reaction, results 
in a very marked increase in the yield of the nitrodiphenyl. Comparative experiments 
with various diazotised amines and benzene in presence of aqueous sodium hydroxide on 
the one hand and aqueous sodium acetate on the other showed that, although in the 
cases of all three nitroanilines the yield of the nitrodiphenyl was more than doubled in 
the sodium acetate modification, when other bases were used, with the sole exceptions of 
o-chloroaniline and @-naphthylamine, the yields of biaryls were inferior to those normally 
obtained by Gomberg’s original method. 

Using diazotised §-naphthylamine with nitrobenzene in place of benzene, Dr. S. E. 
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A Modification of the Gomberg Reaction. 


Lawton found that a mixture of 2’- and 4’-nitro-2-phenylnaphthalene could be obtained 
in a total yield of 40% by the sodium acetate method. The former isomeride was readily 
separated from the latter, since it was volatile in superheated steam (cf. Hey and Lawton, 
this vol., p. 374). 

In the processes (a) and (b) referred to above, one entails an alkaline medium throughout, 
whereas in the other complete alkalinity is developed only towards the close of the reaction. 
The former method was described as being more suited to amines such as aniline and the 
toluidines and the latter more suited to the halogeno- and nitro-anilines. In the examples 
now studied it will be noted that, in general, it is with the amines of the latter type, which 
might be expected to yield relatively strong diazoic acids, that the sodium acetate modi- 
fication works best. This is in conformity with the views put forward by Gomberg and 
Pernert (J. Amer. Chem. Soc., 1926, 48, 1373) with regard to the mechanism of the reaction. 
The improvement in yield shown in the reaction with $-naphthylamine, however, is 
somewhat unexpected. 

Subsequent to the completion of this work, Hodgson and Marsden (this vol., p. 208) 
reported improved yields in the preparation of biaryl derivatives from the action of 
stabilised diazonium salts on benzene and nitrobenzene. In particular they record that 
yields up to 70% can be obtained when the stabilised diazonium salt is used in presence 
of sodium acetate and either glacial acetic acid or acetic anhydride. This process is 
closely allied to the sodium acetate modification of the Gomberg reaction now reported 
and it is significant that the highest yields recorded by Hodgson and Marsden were obtained 
with the nitroanilines, particularly the p-isomeride. The remarkable facility with which 
derivatives of the nitroanilines can be converted into nitrodiphenyls has also been demon- 
strated by France, Heilbron, and Hey (this vol., p. 369), who obtained 2-, 3-, and 4-nitro- 
dipheny] in yields of 60, 64, and 60% from o-, m-, and p-nitronitrosoacetanilide respectively 
and benzene. It seems probable that the reactive agent common to all these reactions is 
the acetyl derivative of the diazohydroxide (I), which can be in tautomeric equilibrium 
both with the diazonium acetate (II) and with the nitrosoacetylarylamine (III), thus : 

Ar-N:N}Cl + CH,°CO,.Na == Ar-N:N}O-CO-CH, + NaCl 
(II.) 


(III.) ArsN(NO)*CO-CH, == Ar-N:N-O-CO-CH, (1) 


EXPERIMENTAL. 


The amine ($ mol.) in presence of hydrochloric acid (d 1-16, 160 c.c.) and water (90 c.c.) 
was diazotised in the normal manner with aqueous sodium nitrite. The filtered diazonium 
solution was divided into two equal parts and each was added to benzene (500 c.c.) vigorously 
stirred at 5—10°. To the one mixture aqueous sodium hydroxide (30 g. in 150 c.c.) was: 
gradually added, whereas into the second a solution of sodium acetate (80 g. of trihydrate) 
in water (200 c.c.) was dropped. Stirring was continued for 48 hours, the reaction being ° 
allowed to proceed at room temperature after the first 3 hours. The benzene layers were 
then separated, washed with water, and distilled. After removal of the excess of benzene 
the product was collected under reduced pressure, except where otherwise stated. The results 
obtained are shown in the following table : 
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Yield with Yield with 





NaOH. NaOAc. 

Amine Product. M. p Collected at Wt, g. % Wt.g. % 
Aniline Diphenyl 70°* 160—170°/30—40 mm. 85 22 60 16 
o-Nitroaniline 2-Nitrodiphenyl 37§  185—195 /20—30 mm. 10-5 21 225 465 
m-Nitroaniline 3-Nitrodiphenyl 61 190—210 /20—30 mm. 90 18 225 45 
p-Nitroaniline 4-Nitrodiphenyl 113 — 130 26 30-0 60 
o-Chloroaniline 2-Chlorodiphenyl 347  160—155 /10 mm. 120 25 180 38 
m-Chloroaniline 3-Chlorodiphenyl -- 150—160 /6 mm. 120 25 60 13 
p-Chloroaniline 4-Chlorodiphenyl 77* 180—195 /20—30 mm. 190 40 165 35 
p-Bromoaniline 4-Bromodiphenyl 90*  170—175 /8 mm. 250 44 $70 12 
p-Toluidine 4-Methyldiphenyl 46* 175—185 /20—30 mm. 90 22 45 Ill 
p-Anisidine ae 89 *  170—190 /20—30 mm. 115 26 2-0 4 
p-Phenetidine 4-Ethoxydiphenyl 72* 170—175 /10—15 mm. 145 29 5665 ili 
B-Naphthylamine 2-Phenylnaphthalene 101 * — 80 16 130 25 


* From ethyl alcohol. 





+ From aqueous ethyl alcohol. 


§ From light petroleum (b. p. 40—60°). 
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The 4-nitrodiphenyl, which separated in fairly pure form on removal of the benzene, did 
not require distillation before crystallisation. The 2-phenylnaphthalene was isolated by 
distillation with superheated steam. 

Action of Diazotised B-Naphthylamine on Nitrobenzene (with S. E. Lawton).—The product 
from the reaction between diazotised B-naphthylamine ($ mol.) and nitrobenzene (1000 c.c.) 
in presence of aqueous sodium acetate (160 g. of trihydrate in 300 c.c.), carried out as in the 
preceding examples, was subjected to distillation with steam to remove the excess of nitro- 
benzene and the residue was distilled with superheated steam. The 2’-nitro-2-phenylnaph- 
thalene (18 g.) was collected as a red solid, which after repeated crystallisation from glacial 
acetic acid (with charcoal) was obtained in yellow needles, m. p. 101°. The tarry non-volatile 
residue gave 4’-nitro-2-phenylnaphthalene (32 g.), which after purification by sublimation in 
a vacuum separated from glacial acetic acid in red needles, m. p: 174° (cf. Hey and Lawton, 
loc. cit.). 
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243. The Action of Nitrous Acid on Tertiary Amines: The Influence 
of Acidity. 


By GERALD P. CROWLEY, GEORGE J. G. Mitton, T. HAROLD READE, and 
WILi1aAM M. Topp. 


The concentration of mineral acid has a marked influence on the yields of nitration, 
nitrosation, and fission products obtained by the action of nitrite on bis-(p-dimethyl- 
aminophenyl)methane in various acids, but it has little effect on the yields of products 
from dimethyl-p-toluidine in hydrochloric acid. In -nitromethylethylaniline the 
ethyl group is eliminated more easily than the methyl group during formation of its 


nitrosoamines. 


Bis-(p-DIMETHYLAMINOPHENYL)METHANE (I) reacts with nitrite in aqueous acids, forming 
three compounds, vz., p-nitrodimethylaniline (II) by fission and nitration, bis-(3-nitro- 
4-dimethylaminophenyl)methane (III) by nitration of the benzene nuclei, and bis-(p-N- 
nitroso-N-methylaminophenyl)methane (IV) by nitrosation of the amino-nitrogen atom and 
loss of a methyl group. The yields are dependent on the concentration of mineral acid in 
excess of that required to dissolve the amine and convert the sodium nitrite into nitrous 
acid (Donald and Reade, J., 1935, 53). These authors found (a) that substances (II), 


CH,({ >NMep)s MeN NO, Fit ang LC. DHOIOIMe) 


(II.) (III.) (IV.) 


(III), and (IV) were produced at a hydrogen chloride concentration below 3-9n, but that 
(II) was not produced in more concentrated acid; (5) that the nitration/nitrosation ratio, 
t.é., (III)/(IV), tended to increase as the hydrogen chloride concentration increased, 
provided that excess of nitrite was employed. To account for this they suggested a 
mechanism analogous to the shift caused by acids in the position of equilibrium between 
diazonium salts and diazo-compounds, nitration being assumed to occur via the diazonium 
form, [R*-N(NO)Me,]Cl, and nitrosation via the diazo-form, R‘NMe-NCI-OMe. 

This communication records experiments made in three other mineral acid systems to 
test the validity of these authors’ results and theoretical assumptions. 

To avoid the interference caused by combination of the evolved nitric oxide with air 
and water to form more nitrous acid, the experiments were carried out in nitrogen, and 
are recorded in tabular form on p. 1287. 
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Molar Fractions per 1 Mol. of (1) and 4 Mols. of NaNOQg. 
[The concentration of acid refers to its normality in excess of that required to dissolve the amine and 
react with sodium nitrite (see p. 1288).] 

Acid, N. H,SO,. H,SO,+ HBr. HCl+ HBr. Acid,n. H,SOQ,. H,SO, + HBr. HCl + HBr. 
Fission product (II). 
0-37 3 0-20 0-18 0-18 
0-36 3-5 0-04 0-03 0-07 

nil nil 


0-34 3-9 nil 
0-26 and over 
This affords confirmation of (a). 
Nitration product (III). 
4-5 
5 


Maxima occur at 


Nitrosation product (IV). 
0-013 
0-030 
0-050 
0-070 
0-093 
0-130 
0-155 
* Possibly slightly too low. 


The nitration/nitrosation ratios when the fission product (II) is not formed are 
recorded below : 
Ratio (III) /(IV). 
H,SO,. _H,SO, + HBr. HCl + HBr. 


The fact that, although the ratios show considerable fluctuations, they afford no real 
evidence of rising as the acid concentration increases, deprives conclusion (b)—and the 
assumptions made to account for it—of a satisfactory experimental foundation; and the 
following additional points may be cited against it. 

1. The supposed intermediate compounds have never been isolated, although special 
experiments were made in alcoholic solution, amyl nitrite and sulphuric acid being used, 
followed by ether, in the hope of obtaining them. 

2. The average values of the ratio (III)/(IV) tend to be higher in solutions containing 
sulphuric acid than in those containing hydrochloric acid of the same normality. The 
higher hydrogen-ion concentration of the hydrochloric acid might have been expected to 
favour the diazonium form assumed to be the precursor of (III), thus giving a higher 
ratio of (III)/(IV) than in the sulphuric acid; but the reverse is the case. 

3. If the assumption was valid that compounds (III) and (IV) were obtained by a 
reaction similar to diazotisation, whereas fission to form compound (II) was of a different 
sort, the ratio [(III) + (IV)] /(II) would be expected to rise in media which favoured rapid 
diazotisation, ¢.g., in hydrobromic acid (cf. Ueno and Suzuki, J. Soc. Chem. Ind. Japan, 
1933, 36, 615); but experimentally the average value (1-8) in H,SO, + HBr is lower than 
that in H,SO, alone (2-2) : 

Ratios [(III) + (IV)}/(II). 
H,SO, + HBr. HCl + HBr. 
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4. In nitrosoamine formation at low concentration of nitrite the methyl group elimin- 
ated was converted into formaldehyde, not into methyl nitrate as previously assumed. 
One of us (W. M. T.) isolated both the compounds which formaldehyde forms with p-nitro- 
phenylhydrazine by filtering the basified solution, adding ammonia, evaporating to dryness, 
and regenerating formaldehyde from the hexamethylenetetramine so formed. As form- 
aldehyde was also obtained during nitrosoamine formation from the action of nitrous acid 
on p-nitrodimethylaniline, which does not contain a methylene group, it evidently origin- 
ates from the alkyl group (cf. Halliday and Reade, this vol., p. 138), and the same is 
probable for its formation from the methane base (I). 

For these reasons many points in Donald and Reade’s proposals are now regarded as 
erroneous. The existence of an intermediate compound analogous in valency to a 
diazonium salt is not, however, improbable; for Meisenheimer’s assumption (Ber., 1913, 
46, 1150) that an intermediate compound NMe,CI-Cl was formed in the reaction of a 
neutral hypochlorite on trimethylamine hydrochloride, whereby formaldehyde, dimethyl- 
amine, and ultimately the chloroamine, NMe,Cl, were produced, is essentially similar to 
the assumption of a diazonium analogue [NR,*NO]Cl which by elimination of an alkyl 
group R as formaldehyde, ultimately gave the nitrosoamine, NR,*NO; for nitrous and 
hypochlorous acids have a number of points of similarity. It is not clear, however, 
exactly how this is brought about, or by what steps the nitration product (III) and the 
fission product (II) come to be formed. The following points are noteworthy. 

1. The yield of p-nitrodimethylaniline due to fission is less in sulphuric acid, or in the 
mixed acids, than in hydrochloric acid. 

2. In sulphuric acid the curve for the dinitration compound has a true maximum 
even when 8 mols. of nitrite are used; whereas in hydrochloric acid, the yield increased 
continuously as the normality increased without giving a true maximum, in Donald and 
Reade’s experiments. 

3. For 4 mols. of nitrite, the normalities at which the dinitration and the dinitrosation 
curves reach their maxima are more widely spaced in sulphuric acid, or in the mixed acids, 
than in hydrochloric acid. 

4. From sulphuric acid of high normality a small quantity of a by-product was 
isolated; this was bis-(3-nitro-4-N-nitroso-N-methylaminophenyl)methane, which appears 
to be produced by the nitrosation of the bis-(3-nitro-4-dimethylaminophenyl)methane 
present in solution in the reaction mixture. In an attempt to determine whether the 
nitration/nitrosation ratio obtained from dialkylanilines in general was influenced by the 
concentration of mineral acid when no fission occurred, one of us (G. P. C.) investigated 
the behaviour of acid solutions of dimethyl-p-toluidine when treated with nitrite (3 and 6 
mols.). At all concentrations of excess hydrochloric acid between 2-9N and 7N the vari- 
ations in yields were small; and because by-products were obtained in small amounts and 
were difficult to separate quantitatively, the variations were regarded as being less than the 
possible experimental error. The nitration product, 3-nitro-4-dimethylaminotoluene, 
amounted to 83%, and the nitrosation product, N-nitrosomethyl-p-toluidine, to 16% (+ 5%). 

As mentioned by Hodgson (J. Soc. Dyers Col., 1931, April), the main factor governing 
the nitration/nitrosation ratio obtained from tertiary amines and nitrous acid appears to 
be the polarity of the substituent present in the p-position to the dialkylamino-group. 

Although the formation of nitrosoamines from #-nitrodialkylanilines is a general 
. reaction of nitrite and acid, it was not known which alkyl group in unsymmetrical amines, 

e.g., p-nitromethylethylaniline, was the more easily eliminated. The point was therefore 
investigated, and the amine was found to yield 17-4% of the ethyl and 82-6% of the 
methyl p-nitrophenylnitrosoamine from 4N-hydrochloric acid. 


EXPERIMENTAL. 


Action of Nitrous Acid on Bis-(p-dimethylaminophenyl)methane.—Experiments were carried 
out in conical flasks from which the air had been removed by a stream of nitrogen. The nitric 
oxide evolved was allowed to escape via a bubbler which prevented ingress of air. Mixed acids 
were made up from 4 mols. of hydrobromic acid per 1 mol. of methane base, the remainder 
being aqueous sulphuric or hydrochloric. acid. The normality of acid shown in the tables is 
that calculated after allowing 2 equivs. for combination with each mol. of methane base, and 1 
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equiv. for each mol. of sodium nitrite, of which 4 or 8 mols. were used, the yields being 
practically identical in the two sets of experiments. 

The method of separation and analysis of products was similar to that used by Donald and 
Reade, and allowance was made for the solubilities of the fission product and the nitrosoamine 
in acid, 


Solubility (S) of p-nitrodimethylaniline in 100 c.c. of aqueous sulphuric acid at 0°. 
3-65 3-51 3-45 3-35 3-25 3-11 3-02 2-83 2-77 

0-48 0-44 0-41 0-36 0-32 0-27 0-24 0-182 0-157 

2-45 2-30 2-10 1-90 1-77 1-53 0-92 0-85 

0-091 0-075 0-069 0-057 0-042 0-031 0-018 0-010 


Solubility (S) of bis-(p-N-nitroso-N-methylaminophenyl)methane in 100 c.c. of aqueous 
sulphuric acid at 0°. 
562 5623 608 492 481 466 
0-034 0-030 0-027 0-024 0-021 0-018 
419 382 354 322 289 222 
0-011 0-010 0009 0008 0-007 0-006 

Action of Nitrous Acid on Dimethyl-p-toluidine.—From amine, hydrochloric acid, and 
sodium nitrite in the molar proportions 1 : 19-4: 3 with water as diluent, the main products 
after 16 hours at 0° were the same as those previously isolated from dilute solution by Hodgson 
and Kershaw (J., 1930, 277), viz., (1) N-nitrosomethyl-p-toluidine and (2) 3-nitro-4-dimethyl- 
aminotoluene, from 2—5-5n-acid, after allowance for 4 mols. of acid—1 mol. for the amine and 
3 mols. for the nitrite. These were accompanied—especially at higher normalities—by 
(3) 3-nitro-4-N-nitrosomethylaminotoluene, (4) 3-nitro-4-methylaminotoluene, and (5) 3 : 5-di- 
nitro-4-N-nitrosomethylaminotoluene, The average yield of (1) was 16% from 2—7n-acid, 
but it fell rapidly at higher normality. The difficulty of perfect separation of products made 
quantitative experiments unreliable. 

A typical experiment is the following : To the amine (5 g.), dissolved in 11-6N-hydrochloric 
acid (62 c.c.) and diluted with water (62 c.c.), a solution of sodium nitrite (7-6 g.) in water (25 c.c.) 
was slowly added at 0°. The mixture was kept for 16 hours and then diluted to 250 c.c. 
with water, cooled to 0° for 2. hours, and the mixed nitrosoamines (1-1 g.) filtered off. They 
were fractionally crystallised from ethanol to yield, in order of solubility, (a) 3 : 5-dinitro- 
4-nitrosomethylaminotoluene, which recrystallised from hot ethanol in pale yellow needles, 
m, p. 124° (Found: C, 40-1; H, 3-2; N, 23-4. Calc. for C,H,O,N,: C, 40-0; H, 3:3; N, 
23-3%) (cf. von Romburgh, Ber., 1896, 29, 1016); (6) nitrosomonomethyl-p-toluidine, which, 
recrystallised from ethanol, had m. p. 49-5° (cf. Hodgson and Kershaw, loc. cit.); (c) 3-nitro- 
4-nitrosomethylaminotoluene, m. p. 40° (not obtained pure owing to decomp.) (Found, by 
determination with TiCl,: NO, + NO, 42-5. Calc. for C,H,O,N,: NO, + NO, 463%); (d) a 
residual yellow oil which on addition of a few drops of concentrated hydrochloric acid gave a 
red precipitate of 3-nitro-4-methylaminotoluene, which recrystallised from aqueous ethanol in 
bright red needles, m. p. 84° (Found: C, 57-9; H, 5-9; N, 16-9; NO,, 27-3. Calc. forC,H,,0,N,: 
C, 57-8; H, 6-0; N, 16-9; NO,, 27-7%) (cf. Gattermann, Ber., 1885, 18, 1487). 

The acid filtrate obtained after separation of the mixed nitrosoamines was treated with 
urea at 30° to remove excess nitrous acid, and sodium hydroxide was added to reduce the 
acidity to 0-5n. A small quantity of 3-nitro-4-methylaminotoluene separated as a red pre- 
cipitate. The solution was then neutralised at 0° and 3-nitro-4-dimethylaminotoluene was 
precipitated as fine yellow crystals (4 g.), which recrystallised from aqueous alcohol in needles, 
m. p. 25° (cf. Pinnow, Ber., 1897, 30, 3119; Hodgson and Kershaw, loc. cit.). 

Nitrosation of p-Nitromethylethylaniline.—A mixture of p-nitrophenyl-methyl- and -ethyl- 
nitrosoamine was obtained from 4n-hydrochloric acid at 15° in 80% yielti after 18 hours. 
After collection on a glass filter the substances were successively washed with acid, water, 
alkali, and water (until neutral), and then were dried in a vacuum for 14 days. The com- 
position of the mixture was obtained by thermal analysis. It had m. p. 87-97° + 0-08°. After 
admixture with the pure ethyl compound to give 28-8% of the latter, it had m. p. 80-27° + 0-15°, 
corresponding satisfactorily with 80-2° read from the m. p. graph; the original mixture there- 
fore consisted of 17-4% of the ethyl and 82-6% of the methyl p-nitrophenylnitrosoamine. Of 
these two alkyl groups, therefore, the ethyl was much the more completely removed during 
nitrosoamine formation. 


MARISCHAL COLLEGE, UNIVERSITY OF ABERDEEN. [ Received, May 10th, 1940.) 








Cocker and Harris: The Preparation of Some 


244. The Preparation of Some Alkylamino-acids and their 
Electrometric Titration. 


By WESLEY COCKER and J. O. Harris. 


The method used by Cocker and Lapworth (J., 1931, 1894) for the preparation of 
sarcosine, and its extension by Cocker (J., 1937, 1693) to the preparation of the simple 
homologues of sarcosine, have now been used to prepare m-amyl-, »-butyl-, and iso- 
butyl-aminoacetic acids and a-n-propyl- and a-ethyl-aminopropionic acids. The dis- 
sociation constants of these compounds and those described by Cocker (loc. cit.) have 
been investigated by electrometric titration, and evidence in favour of the “ Zwit- 
terion ” theory obtained. 

Attempts to extend the process of Cocker and Lapworth to the preparation of 
alkylamino-acids with larger alkyl groups than those described above were unsuccessful, 
owing to the difficulty of obtaining the intermediate compounds of the type 
C,H,*SO,"NR°CH,°CO,H where R is greater than C;H,,.> 


THE investigation here described was undertaken with a view to the examination of alkyl- 
amino-acids with long-chain alkyl groups, the metal salts of which would possibly be of use 
as detergents. The method of preparation adopted was that used by Cocker (loc. cit.), 
in which the benzenesulphony] derivative of an «-amino-acid is alkylated and the benzene- 
sulphonyl group subsequently removed. The amino-acid is then isolated by the method 
developed by Cocker and Lapworth (loc. cit.) for the preparation of sarcosine. 

It was found, however, that little or no reaction took place between benzenesulphonyl- 
glycine or -alanine and alkyl halides in which the alkyl group was larger than C,;H,,; 
for instance, benzenesulphonylglycine gives 75% and 25% yields of the benzenesulphony] 
derivatives of n-butyl- and m-amyl-aminoacetic acid respectively, but negligible quantities 
of the derivatives of m-hexyl- and u-heptyl-aminoacetic acids. The presence of large 
quantities of m-hexyl and m-heptyl alcohols in the reaction mixtures indicated the pre- 
ponderance of the hydrolytic over the alkylation reaction. Attempts to prepare iso- 
propylaminoacetic acid from isopropyl iodide led largely to the production of propylene. 

Better alkylation was obtained by using the ethyl ester of the benzenesulphonyl com- 
pound, but the best yields of alkyl derivative were obtained when the corresponding 
nitriles were used. For example, it was possible to obtain a small quantity of n-octyl- 
aminoacetonitrile, and this appeared to be a promising method of approach to the desired 
amino-acids. The hydrolysis of these nitriles, however, proved to be very difficult. 
Boiling concentrated hydrochloric acid gave 10% hydrolysis after prolonged action, and 
treatment with a cold saturated solution of hydrogen chloride in ether containing an 
equimolecular quantity of absolute alcohol (Pinner, Ber., 1892, 25, 352, 1643) effected no 
improvement. Hydrolysis with 60% sulphuric acid yielded small quantities of the required 
amino-acid, but in addition considerable losses took place due to fission of the nitriles in 
an unexpected manner. For instance, in the hydrolysis of benzenesulphonyl-n-amyl- 
aminoacetonitrile, acetic acid was produced, together with ammonia and amylamine. 
Hydrolysis with boiling solutions of potassium hydroxide of various concentrations yielded 
traces of the required potassium salt, large quantities of potassium cyanide and potassium 
formate, and some amylamine. 

The mechanism of the alkaline hydrolysis may be 


(1) C,H,SO,—N->CH,>CN —> C,H,-SO,NHC,H,, + CH,(OH)CN 
;H,, ~~ OH- 
(2) CH,(OH)CN —> CH,O+HCN (3) CH,O ~“> H-CO,K + CH,-OH 


This course of reaction would account for large quantities of potassium cyanide and 
formate, and the amylamine obtained could be produced by the alkaline hydrolysis of its 
benzenesulphonyl derivative, which has been shown to be very slowly hydrolysed with 
boiling 25% potassium hydroxide. Benzenesulphonylamylamine—a colourless oil—was 
not however isolated from the hydrolysis mixture. 
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A satisfactory explanation for the course of the hydrolysis with sulphuric acid to yield 
acetic acid cannot yet be advanced. Both this reaction and the alkaline hydrolysis will be 
further studied. 

Conversion of the nitriles into the corresponding amides was relatively easy by the 
use of sulphuric acid or syrupy phosphoric acjd, but here again further hydrolysis to 
the corresponding acid proved to be difficult with 60% sulphuric acid, concentrated 
hydrochloric acid, potassium hydroxide, or nitrousacid. Small quantities of amylamine were 
produced when either 60% sulphuric acid or potassium hydroxide was employed, but the 
bulk of the amide was unchanged. Concentrated hydrochloric acid and nitrous acid gave 
only small yields of the desired amino-acids. All attempts to hydrolyse the amides were 
complicated by the low solubility of the amide in the hydrolytic agent. 

It is obvious that other methods are required to obtain the desired amino-acids, but 
in view of present conditions, the progress of the investigation is now recorded. 

The method of Cocker and Lapworth (loc. cit.) gave good yields of n-butylaminoacetic 
acid and «-ethylaminopropionic acid but only small yields of tsobutyl- and n-amyl-amino- 
acetic acid and «a-n-propylaminopropionic acid. All these amino-acids together with 
sarcosine but with the exception of n-amylaminoacetic acid have been investigated by 
electrometric titration. The only alkylamino-acids previously investigated in this way 
were sarcosine and dimethylglycine (Bjerrum, Z. physikal. Chem., 1923, 104, 147). 

Titrations were performed at 25° with standard hydrochloric acid and sodium hydroxide 
by using the hydrogen electrode, which was found to be preferable to the quinhydrone 
electrode (cf. Yoshamino, J. Biochem. Japan, 1935, 28, 187), the normal calomel electrode 
being used as reference. 

The various corrections elaborated by L. J. Harris (Proc. Roy. Soc., 1923, B, 95, 440) 
and Tague (J. Amer. Chem. Soc., 1920, 42, 177) in order to determine the actual amount 
of acid or alkali used in the titration at any f, value were taken into account, and graphs 
of Pg value plotted against quantity of standard acid or alkali used were drawn. The 
' pq at the mid-point (px, or px,) of each curve was compared with that obtained from 
the well-known expressions px, = pq — log (salt/“‘ acid”’) for titration with alkali and 
px, = Px, — Pu — log (salt/“ base”) for titration with acid, where fg, and px, are the 
pa values at the mid-points of the curves of titration, with strong base and strong acid 
respectively, and “‘ acid”’ and “ base’ refer to uncombined amino-acid acting by virtue 
of its carboxyl and its amino-group respectively. Thus K, and K, are the dissociation 
constants of the amino-acids on the open-chain formula, and titrations with acid and base 
are respectively represented by the relationships 

+ 
H + NHR-CHR-CO,H —> NH,R-CHR-CO,H and 
OH + NHR-CHR:CO,H —> NHR:CHR:CO-0 + H,O 

Alanine and glycine were similarly titrated for reference, and values of pg, and pxy 
were obtained which agreed with those obtained by L. J. Harris (Proc. Roy. Soc., 1923, 
B, 95, 444), t.¢., px, = 9-75 and px, = 11-49. 

The following table gives the values of the dissociation constants (in terms of p,) 
obtained for the various amino-acids by calculation and by construction of titration curves, 
where K, and Kg are acidic and basic dissociation constants on the “‘ Zwitterion ”’ theory 
(Bjerrum, Joc. cit.), 4.e., K4 = K,/K, and Kg = K,/K,. 

pu at mid-point of 
Calc. titration. 
Amino-acid. values of px,. Pry Acid. Alkali. 
Aminoacetic acid .......sssssceeeseeee 9°75 11-49 2-40 9-75 
Methylaminoacetic acid wesaeccenic | San 11-55 10-19 
Ethylaminoacetic acid . eile 11-56 10-21 
10-19 11-55 10-20 
seqeecssoces|, 1013 11-55 10-11 
n-Butylaminoacetic acid ............ 10-25 11-55 10-26 
a a an 
«-Ethylaminoproptonic acid 11-68 10-26 
a-n-Propylaminopropionic acid ... : 11-69 10-20 
(px, is taken as 13-9 at 25°.) 
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The values of K, and K, shown in the table indicate that replacement of hydrogen 
by alkyl in the amino-group of the various amino-acids leads to an appreciably lower acidic, 
and a slightly lower basic, dissociation constant. This is contrary to the usually accepted 
effects of alkyl groups which are well known to increase the basicity of an amino-group by 
replacement of a hydrogen atom. On the other hand, even if the open-chain formula be 
correct, there should be a slight decrease in acidity in the amino-acid due to firmer binding 
of the carboxyl proton as a result of the increased transmitted and direct effects of the 
-NHR group. 

The values of K, and Kz shown in the table indicate that substitution of alkyl in the 
amino-group of glycine gives an appreciable increase in the basic dissociation constant and 
a slight increase in the acidic dissociation constant. 

On the “ Zwitterion’” theory the structure of glycine and its derivatives is 


NH,R-CHR-COO together with the two ions NH,R-CHR-CO,H and NHR-CHR-COO, 


+ _ + + = - 

which in turn ionise respectively to NH,R-CHR-COO + H and NH,R-CHR’COO +- OH, 
the latter by reaction with water. On this view it can readily be seen that where R = 
alkyl the amino-group will more readily abstract proton from water and so give hydroxyl 
ions than will be the case when R = H. In this manner the basic dissociation constant 
will be increased. On the other hand, two possible factors may affect the ionisation of 


+ 

the anion NH,R-CHR’CO,H. The first will be the increased electropolar effect of the 
alkylamino-group over the amino-group, tending to resist separation of proton and hence 
to lower the acidic dissociation constant, whilst an opposing effect may be steric, tending 
to inhibit combination of proton since the ends of the molecule are in close proximity to 
each other. Hence, a slight increase or decrease in acidic dissociation constant might be 
expected. 

Again, it is noteworthy that the value of K, for the substituted glycines is constant 
although the alkyl group is varied, and the same remarks apply to the substituted alanines. 
This might be expected with two opposing effects tending to cancel each other. 

On the other hand, the value of Kz in the compounds NHR-CH,°CO,H increases in the 
order R = H < iso-C,H, < CH; < n-C,H, < i < n-C,H,, and in NHR-CHMe-CO,H 
in the order R = H < (CH, and u-C,H,) < 

Hall and Sprinkle (J. Amer. Chem. Soc., 1932, 54, 3470) have shown that the basicity 
of primary amines (NH,R) increases in the order R =H < n-C,H, < n-C,H, < iso- 
C,H, < CH, < C,H;, but in the secondary amines (NHR,) the order is R = H < CH, 
< n-C,Hy < n-C,H, < C,H; <iso-CyHy. There is reasonably good agreement between the 
order of basicities of the substituted amino-acids and the results obtained by Hall and 
Sprinkle for the secondary amines. The position of -butyl and ésobuty]l is difficult to 
explain. 

EXPERIMENTAL. ° 


A. Preparation of Materials—n-Butylaminoacetic acid. Benzenesulphonylaminoacetic 
acid (15 g.), dissolved in sodium hydroxide (3n, 70 c.c.) contained in a flask fitted with a reflux 
condenser and efficient shaker, was heated on the water-bath with u-butyl iodide (38-5 g.) for 
40 hours. The reaction mixture was then cooled, filtered, and carefully acidified. The oil 
which separated soon solidified on scratching, and was collected, washed, and dried. It was 
then crystallised from benzene-ligroin, from which benzenesulphonyl-n-butylaminoacetic acid was 
obtained in flat, colourless plates (14-6 g., 75%), m. p..101—102° (Found : N, 4-7. C,,H,,0,NS 
requires N, 5-1%). This compound (30 g.) was suspended in 60% sulphuric acid (28 c.c. of 
concentrated acid, 31-5 c.c. of water) and heated under reflux for 12 hours; the required 
n-butylaminoacetic acid was then isolated by the method of Cocker and Lapworth (loc. cit.). The 
crude material (10 g., 71%) was recrystallised from hot absolute alcohol, being obtained with 
little loss as flat, colourless plates, m. p. 192° (inst.) (Found: N, 10-7. C,H,,0,N requires N, 
10:7%). The phenylcarbamido-compound, obtained in the usual manner, crystallised from 
boiling water in long, colourless prisms or needles, m. p. 127—128° (Found: N, 11-2. 
C,;H,,0,N, requires N, 11-2%). 

n-Amylaminoacetic acid. The above preparation was repeated, but with u-amy]l iodide 
(20-7 g.) for 30 hours. The cooled mixture was extracted with ether to remove excess of alkyl- 
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ating agent, freed from dissolved ether by a current of air, and acidified. The deposited oil 
solidified on freezing, and was then dried (14-2 g.) and extracted several times with boiling 
benzene, leaving a solid residue (8-9 g.) of unchanged starting material. From the benzene 
extract benzenesulphonyl-n-amylaminoacetic acid (4:9 g.) was obtained by precipitation with 
light petroleum and crystallised from benzene—light petroleum in colourless prisms, m. p. 84° 
(Found: N, 5-0. C,,;H,,O,NS requires N, 4-9%). On hydrolysis with 60% sulphuric acid, 
12 g. gave n-amylaminoacetic acid (3-6 g., 60%), which crystallised from absolute alcohol in flat, 
colourless plates, m. p. 201° (inst.) (Found : N, 9-6. C,H,,0,N requires N, 9-7%). Its phenyl- 
hydantoin crystallised from boiling water in colourless prisms, m. p. 111° (Found: N, 11-2. 
C,4H,,0,N, requires N, 11-4%). 

isoButylaminoacetic acid. Substitution of isobutyl iodide (19-2 g.) in the above general 
method led, in 48 hours, to a homogeneous mixture. When cooled, acidified, and kept in the 
refrigerator, this deposited a white crystalline solid (14-6 g.), which was well washed with water, 
dried, and extracted with benzene, from which light petroleum precipitated a white powder (6 g., 
m. p. 80—82°). On recrystallisation from benzene-light petroleum, benzenesulphonylisobutyl- 
aminoacetic acid was obtained as colourless plates, m. p. 90—91° (Found: N, 5-2. C,,H,,O,NS 
requires N, 5-1%). During the reaction the odour of isobutylene was observed. 

The above compound (7:7 g.) was hydrolysed by refluxing with 60% sulphuric acid for 12 
hours, and isobutylaminoacetic acid was obtained as a white powder, which crystallised from 
absolute alcohol in colourless transparent plates (3 g.), m. p. 188° (Found: N, 10-65. C,H,,0,N 
requires N, 10-7%). Its phenylcarbamido-compound crystallised from hot water in long, colour- 
less needles, m. p. 86—87° (Found: N, 11-2. C,,H,,0,N, requires N, 11-2%). 

a-Ethylaminopropionic acid. The following method gave consistently good yields of benzene- 
sulphonylalanine. Alanine (9 g.), dissolved in water (80 c.c.) containing sodium hydroxide (4 g.) 
and sodium carbonate (2-0 g.), was vigorously shaken whilst benzenesulphonyl chloride (18 g.) 
was added in small quantities during 12 hours. The mixture became acid as the reaction 
proceeded, and 40% sodium hydroxide was added from time to time to keep it alkaline to 
phenolphthalein. When all the sulphony! chloride had reacted the mixture was filtered, cooled 
in ice, and acidified with vigorous stirring. Almost pure benzenesulphonylalanine, m. p. 124— 
125° (22 g., 98%), was deposited. As the pure compound has m. p. 126°, the crude product was 
used in the ethylation, which was best effected with ethyl iodide. Benzenesulphonylalanine 
(10 g.), dissolved in sodium hydroxide (3n, 45 c.c.), was refluxed with ethyl iodide (40 g.) added 
in four equal quantities at long intervals. The solution was cooled and acidified, and a colour- 
less oil was deposited which rapidly became solid on scratching; this was collected, washed 
with water, and recrystallised from boiling water. Benzenesulphonyl-a-ethylaminopropionic 
acid (6-0 g.) was obtained in flat, colourless plates, m. p. 145° (Found: N, 53. C,,H,,0,NS 
requires N, 5-4%). When it (14-5 g.) was hydrolysed during 36 hours with boiling 60% sulphuric 
acid, it afforded «-ethylaminopropionic acid (2-8 g.) in a series of crops; crystallisation from boil- 
ing alcohol afforded colourless rectangular plates, m. p. 302—303° (inst.) (Found: N, 11-9. 
C;H,,0,N requires N, 12-0%). The benzenesulphonyl derivative was identical with the 
Starting material. 

a-n-Propylaminopropionic acid. Benzenesulphonylalanine (10 g.), dissolved in sodium 
hydroxide (3n, 45 c.c.), was heated for 15 hours under reflux with n-propyl iodide (15 g.). The 
mixture was then steam-distilled to remove excess propyl iodide, cooled, filtered, and acidified. 
An oil was deposited which solidified on strong cooling. It was washed with water and 
recrystallised from hot water (charcoal), giving benzenesulphonyl-a-n-propylaminopropionic acid 
as flat transparent plates, m. p. 117° (Found: N, 5-1. C,,H,,O,NS requires N, 51%). On 
hydrolysis with 60% sulphuric acid 6 g. of this compound yielded 1-7 g. of a-n-propylamino- 
propionic acid, which crystallised from alcohol in colourless plates, m. p. 302—303° (Found : 
N, 10-6. C,H,,0,N requires N, 10:7%). It gave a benzenesulphony]l derivative identical with 
the starting material. 

Attempts to prepare n-A myl-, n-Hexyl-, and n-Heptyl-aminoacetic Acids from Benzenesulphonyl- 
aminoacetonitrile—Johnson and McCollum’s preparation of benzenesulphonylaminoacetonitrile 
(Amer. Chem. J., 1906, 35, 54) has been improved as follows. Aminoacetonitrile hydrogen 
sulphate (50 g.), prepared by Anslow and King’s method (J., 1929, 2463), was dissolved in a 
minimum quantity of water and vigorously agitated with a solution of benzenesulphonyl 
chloride (59 g.) in benzene (200 c.c.) while a saturated solution containing sodium carbonate 
(52 g.) was cautiously added. When the evolution of carbon dioxide had ceased, the mixture 
was transferred to a pressure bottle and shaken for 2 days, during which successive crops of the 
required compound were obtained by filtration at intervals. The combined crops were washed 
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with water, dried, and recrystallised from benzene, white needles (49-5 g., 78%), m. p. 80°, being 
deposited. 

"h mixture of the above compound (7-8 g.), sodium ethoxide (from sodium, 1 g., and alcohol, 
50 c.c.), and n-amy]l iodide (11-7 g.) was refluxed until it was no longer alkaline to litmus. It 
was then steam-distilled to remove excess amyl iodide, basified to phenolphthalein, extracted 
with ether, the extract dried (sodium sulphate), and the ether removed; an oil was obtained 
which did not solidify after many weeks in the refrigerator. It decomposed on attempted 
distillation in a vacuum and was presumably the required benzenesulphonyl-n-amylamino- 
acetonitrile. This compound (10 g.), dissolved in dry ether, was kept for 4 weeks with dry ether 
saturated with hydrogen chloride and containing 3-2 c.c. of absolute alcohol. The ether was 
removed, and the residue poured into aqueous sodium hydroxide, heated on the water-bath to 
decompose the ester, and again extracted with ether to remove unchanged nitrile. The aqueous 
solution was carefully acidified, and the benzenesulphonyl-n-amylaminoacetic acid collected 
(0-8 g., 8%) and recrystallised from benzene-light petroleum (m. p. 83°). Unchanged nitrile 
(8-8 g.) was recovered from the ethereal extract. 

Hydrolysis of the nitrile with 50%, 30%, or 15% potassium hydroxide gave little of the 
desired product, but only amine vapours which were collected in dilute hydrochloric acid. The 
solution was evaporated to dryness, extracted with absolute alcohol to remove a little ammonium 
chloride and the amine hydrochloride isolated and converted into the chloroplatinate. On 
recrystallisation from absolute alcohol, yellow needles were deposited of indistinct m. p. 
[Found : Pt, 30-2. (C,;H,,NH,),H,PtCl, requires Pt, 33-3%]. A little of the amine hydro- 
chloride solution gave a strong carbylamine reaction. 

Hydrolysis of the nitrile with boiling concentrated hydrochloric acid gave a little of the 
required compound and much starting material. In this manner benzenesulphonyl-n-hexyl- 
aminoacetic acid was obtained as a white powder which on crystallisation from benzene-light 
petroleum gave colourless plates, m. p. 85—86° (Found: N, 4-6. C,,H,,O,NS requires 
N, 4-7%). 

Benzenesulphonyl-n-amylaminoacetamide. Benzenesulphonyl-n-amylaminoacetonitrile (10 g.) 
was cooled in ice and slowly treated with concentrated sulphuric acid (2 c.c.), the mixture 
being stirred vigorously; it was then warmed to 80°, maintained at this temperature for 20 
mins., and cooled. The resulting dark syrup was carefully treated with solid sodium carbonate, 
and extracted with ether. From the extract, a dark solid (12 g.) was obtained which on re- 
crystallisation from hot water (charcoal) gave colourless needles of the amide, m. p. 94° (Found : 
N, 9-85. C,,;H,O,N,S requires N, 9-8%). Similar results were obtained by the use of syrupy 
phosphoric acid. 

Hydrolysis of the above compound with sodium hydroxide gave varying quantities of the 
required benzenesulphonyl-n-amylaminoacetic acid according to the concentration of alkali: 
15% alkali gave a 7-5% yield, and 30% alkali gave a 4-0% yield. In the former case 75% 
of the unchanged amide was recovered, but in the latter the recovery was smaller and quantities 
of amine were detected during the reaction. Hydrolyses with 60% sulphuric acid and con- 
centrated hydrochloric acid were also unsatisfactory. Hydrolysis of the amide with nitrous 
acid during 24 hours at 0° gave only a 4% yield of the corresponding acid. 

B. Electrometric Titration of the Amino-acids.—Purification of materials, etc. The amino- 
acids which had already given satisfactory analysis results were recrystallised twice from 
alcohol, or aqueous alcohol, or, for sarcosine, from distilled water alone. The compounds were 
then carefully dried over calcium chloride in a vacuum, and 0-1n-solutions prepared with 
conductivity water. 

Titrations were performed with 1-12N-hydrochloric acid and 0-96N-sodium hydroxide. The 
latter was stored in an aspirator fitted with a syphon tube and a soda—lime trap. 

The gas cell was made from a boiling-tube of 1” diameter and 2?” in length. It was fitted 
with a Bakelite cover carrying two glass hydrogen inlet tubes of 4,’ bore, down the centres of 
which the electrodes of platinised platinum welded to platinum wire were carried. The hydro- 
gen used was purified according to Tague (/oc. cit.), and the apparatus, together with the normal 
calomel électrode, was kept in a thermostat at 25°. The potential differences were measured on 
a Pye potentiometer, a reflecting moving-coil galvanometer being used to obtain the balance 
point. 

The amino-acid solution (5 c.c.) was placed in the gas cell, and the standard acid or alkali 
added from a micro-burette fitted with a soda-lime trap. The burette was graduated in 
0-05 c.c. and was calibrated before use. pg measurements were made after the addition of 
each 0-05 c.c. of mineral acid or alkali. 
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245. Condensations of Carbonyl Compounds. A Kinetic Study of the 
Reaction of Acetophenone with Benzaldehyde. 


By E.izaBETH Coomss and Davip P. Evans. 


The reaction between acetophenone and benzaldehyde in 90% alcohol in the 
presence of a constant concentration of sodium ethoxide has been shown to be 
kinetically bimolecular, the velocity being also proportional to the concentration of 
catalyst, i.e., v = constant{OEt’][Ketone][Aldehyde]. Substituents in the aldehyde 
appear to alter principally the energy of activation, whereas substitution in the ketone 
causes a change in the factor PZ of the equation k = PZ . e~#/R?, with little or no 


change in activation energy. The mechanism of the reaction is discussed in the 
light of these results. 


Various mechanisms have been suggested to represent reactions of the Claisen, Knoe- 
venagel, and Perkin types, and it is now generally recognised that the formation of the 
ultimate product is preceded by aldol addition (see Ann. Reports, 1939, 86, 211). Kinetic 
investigations of these condensations have been few, but Nikitin (J. Gen. Chem. Russ., 
1937, 7, 9, 71, 148) has followed the reactions of benzaldehyde with acetophenone and with 
acetone in alkaline solution by observations of the colour developed when the solutions 
were acidified; he finds that the concentration of the aldehyde is involved to the first 
power and the second power respectively in the two cases, while the square of the con- 
centration of furfuraldehyde appears in the velocity equation for the reaction of this 
compound with acetophenone. It appeared probable that a fuller kinetic study of certain 
of these condensations might throw further light upon the mechanisms of reactions of the 
carbonyl group in general, and this paper describes such a study of the condensation of 
benzaldehyde and of anisaldehyde with acetophenone and with p-methoxyacetophenone 
in 90% aqueous alcohol in the presence of sodium ethoxide as catalyst. The condensations 
of benzaldehyde with #-chloroacetophenone and of #-chlorobenzaldehyde with aceto- 
phenone were also studied; in these cases the kinetic experiments were not so accurate as 
those for the previous compounds, but the results have some qualitative significance. 


EXPERIMENTAL. 


Materials —Benzaldehyde was steam-distilled from its suspension in sodium carbonate 
solution. The aldehyde was run off from the distillate, dried over calcium chloride, and 
distilled under reduced pressure. Anisaldehyde was washed with sodium carbonate solution, 
with water, and dried over anhydrous sodium sulphate before distillation in a vacuum; b. p. 
116—116-5°/10 mm. A solution of p-chlorobenzaldehyde in light petroleum was washed with 
sodium carbonate solution, water, and then dried over anhydrous sodium sulphate. Most of 
the solvent was removed, and on cooling, white crystals separated, which after recrystallisation 
from alcohol had m. p. 48°. Acetophenone was frozen out three times and distilled in a vacuum, 
m. p. 19-6°. -Methoxyacetophenone was prepared from anisole by Friedel-Crafts synthesis ; 
after crystallisation from light petroleum it had m. p. 37-5°. A similar method was applied for 
the preparation of p-chloroacetophenone, m. p. 20-5°. 

The following condensation products were obtained by treating the corresponding aldehydes 
and ketones dissolved in alcohol containing sodium ethoxide. The crystals which separated 
on standing were recrystallised from alcohol or aqueous alcohol: benzylideneacetophenone, 
m. p. 55-6°; w-4-methoxybenzylideneacetophenone, m. p. 77°; 4-methoxy-w-benzylideneaceto- 
phenone, m. p. 106°; 4-chloro-w-benzylideneacetophenone, m. p. 96-4° (Found : C, 74-4; H, 4-6; 
Cl, 14-4. C,,H,,OCl requires C, 74:2; H, 4-5; Cl, 146%); w-4-chlorobenzylideneaceto- 
phenone, m. p. 103°. 
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Medium.—The solvent was prepared by suitably diluting absolute alcohol with distilled 
water. The proportion of alcohol was checked by density determinations. 

Catalyst.—An n/10-solution of sodium ethoxide was stored at 25° in a bottle fitted with 
a semi-automatic 10 c.c. pipette (cf. Davies and Lewis, J., 1934, 1600) suitably guarded with 
tubes filled with soda-lime. 

The Estimation of Carbonyl in Reactants and Products.—The determination of the con- 
centration of ketone, aldehyde, or condensation product was carried out by estimating the 
carbonyl group by means of hydroxylamine hydrochloride (Brochet and Cambier, Compt. rend., 
1895, 120, 449; compare Mitchell, ‘“‘ Recent Advances in Analytical Chemistry,’’ 1930, vol. 1, 
p. 96). Portions of 5 c.c. of the solutions containing the carbonyl compounds and 6 c.c. (excess) 
of an M/2-solution of hydroxylamine hydrochloride in 90% alcohol were mixed in an all-glass 
apparatus and heated on a water-bath, under reflux, for a period of time previously determined 
from experiments with solutions of known concentration (Table I). The benzylideneaceto- 
phenones did not break down on heating for these extended periods. 


TABLE I. 


Concn. of carbonyl Time required for complete con- 
a ee an solution (mM). version into oxime (mins.). 
Benzaldehyde .. eee eebsild. whddnd cepece 0-05 10 (at room temp.) 
Acetophenone .... prtindeoktnierkenenhebnene 0-05 - p. 
Benzylideneacetophenone baeensansces sadeeccsnccs 0-025 
peekbhenreeeapanseeeous 0-0125 45 
«w-4-Methoxybenzylideneacetophenone Gus Setecs 0-025 90 


a “ aincbooks 0-01 45 
4-Methoxy-w-benzylideneacetophenone ......... 0-025 90 
p-Methoxyacetophenone ose 0-05 60 
4-Chloro-w-benzylideneacetophenone ............ 0-01 90 
w-4-Chlorobenzylideneacetophenone ............ 0-01 90 


After refluxing, the solution was cooled, 0-3 c.c. of a 1% solution of bromophenol-blue added, 
and the liberated hydrochloric acid titrated against n/20-aqueous sodium hydroxide to a green 
colour matching that of a standard consisting of 5 c.c. of M/2-hydroxylamine hydrochloride (in 
90% alcohol), 5 c.c. of alcohol, 3—6 c.c. of water, 0-3 c.c. of bromophenol-blue solution, and 
sufficient n/20-sodium hydroxide to give an easily distinguishable green shade; the volume of 
water was equal to that of the expected titre. 

Kinetic Measurements.—Stock solutions of m/4-aldehyde, m/4-ketone, and n/10-sodium 
ethoxide in 90% alcohol were prepared and stored in a thermostat at 25°. 10 C.c. of each of 
the aldehyde and the ketone solution were transferred by standardised pipettes to a 50 c.c. 
stoppered, graduated flask, 10 c.c. of n/10-sodium ethoxide added, and the flask filled to the 
mark with 90% alcohol at 25°. Zero time was taken at half-delivery of the sodium ethoxide. 
The reaction was then followed by withdrawing 5 c.c. of the mixture at measured intervals, 
and determination as described above. Suitable correction was made for the sodium ethoxide 
present in the reaction mixture and for the sodium hydroxide added to the standard. For the 
measurements at temperatures above 25°, 10 c.c. of stock aldehyde and ketone solutions were 
added to a 50 c.c. flask and placed in the bath to attain temperature equilibrium. 10 C.c. of 
n/10-sodium ethoxide solution, measured at 25°, were similarly placed in another small stoppered 
flask also immersed in the bath. After a suitable interval the ethoxide was run into the mixed 
solution, the flask washed with 90% alcohol, and the washings were added to the reaction flask. 
Finally, the latter was filled to the mark at the temperature of the bath, and the reaction was 
followed as described above. 

When the initial concentrations of aldehyde and of ketone were equal (c), the velocity 
coefficient was obtained by graphical means from the slope of the line obtained on plotting 
1/c against time. In most cases a, straight line was obtained, indicating the bimolecular nature 
of the reaction. The following procedure was adopted to evaluate 1/c. The reaction measured 
is represented by 

Ar-CHO + CH,*COAr’ —> Ar-CH°CH:COAr’ + H,O 


Hence, if a denotes the initial concentration of aldehyde and of ketone and ~ is the fall in 
concentration at time ¢, the concentration of ketone or aldehyde is a — x and the total carbonyl 
compound present at this time is 2a — x. The reaction with hydroxylamine hydrochloride is 
>CO + NH,OH,HCl —> >C:N-OH + H,O + HCl. Therefore if V represents the volume 
of n/20-sodium hydroxide used in the neutralisation of the free acid in the actual titration, 
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the amount of n/20-sodium hydroxide equivalent to the total carbonyl in the 5 c.c. of reaction 
mixture is Z = (V + E — y) c.c., where E c.c. represents the equivalent of the sodium ethoxide 
in the reaction mixture and y is the number of c.c. of n/20-sodium hydroxide added to the 
standard. Hence: total concentration of carbonyl = (2a — x) = 0-05 x Z/5 g.-mols. per L., 
and l/c = 1/(a — x) = 1/{(2a — x) — a} = 1/(0-1Z — a). Figures for two typical runs are 
given in Table IT. 


TABLE II. 
Time V, c.c., for 5 c.c. Time V, c.c., for 5 c.c, 
(mins.). of mixture. he Che 1/c. (mins.). of mixture. Z, C.C. 
(C,H,-CHO] = [(C,H,-CO-CH,] = 0-05; [NaOEt] = 0-02; temp..45°; y = 0-55.c.c. of 
0-05441nN-NaOH; V and Z are in terms of 0-05441nN-NaOH. 
15 7-38 8-67 22-5 60 
30 7-09 8-38 24-3 75 
45 6-74 8-03 26-8 90 


k from graph in figure = 8-7 (1. g.-mol. hr.-*). 
[(C,H,-CHO] = [C,H,°CO-CH,] = 0-05; [NaOEt] = 0-01; temp. 45°; y = 0-71 c.c. of 
0-05441n-NaOH. 


22-0 117 7:94 
22-7 150 7-78 
24-5 


k from graph in figure = 3-0. 
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In order to determine the effect of concentration, the reaction between benzaldehyde and 
acetophenone was studied at various concentrations at 45°. In those cases where the concen- 
trations of aldehyde and ketone were not equal, the velocity coef{.cients were evaluated by means 
of the usual expression for the bimolecular coefficient k = [2-303/t(a — b)] log b(a — *)/a(b — +), 
where a = [aldehyde] and b = [ketone] or vice versa according to which was in excess. The 
results are in Table III. 


TABLE III. 


Ph°CHO. .......00000-.6 0-05 0-05 0-05 0-10 0-025 0-05 . 0-025 
Ph°COMe _............ 0-05 0-05 0-05 0-05 0-05 0-10 0-025 
WRIIAS. .« csiseccasscecee, | OR 0-02 0-04 002 . 0-02 0-02 . 0-02 
k (1. g.-mol.? hr)... 3-2 8-7 14-4 8-5 * 8-4 84T , 8-5 

* In order to prevent precipitation of the benzylideneacetophenone, 25 c.c. of alcohol were added 
in the estimation before the sodium hydroxide was run in. 

+ 5 C.c. of alcohol were similarly added. In both these cases the standard was suitably adjusted. 


After about one-third of the reaction between acetophenone and p-anisaldehyde had been 
completed, the reaction mixture became slightly yellow, and this was more pronounced at 
higher temperatures, ¢.g., 65°; therefore, in this reaction, readings were taken only for the 
first third of the whole change. A summary of the results for the velocity coefficients (in 
1. g.-mol.-! hr.-!), together with the activation energies (obtained from the plot of log & against 
1/T) and log PZ, are included in Table IV. In all these reactions the initial concentration of 
aldehyde and of ketone was 0-05m and of condensing reagent 0-02m. 
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TABLE IV. 


Reactants. . R sq-9°- Ras. Rsg°- . E, cals. log PZ, 
Benzaldehyde ..........00-+.++ ‘ ¢ ’ 
Acetophenone ..........60.0+++ “ me 8-7 = 9,800 7 


Acetophenone ........... 2-00 1-2 — 10,800 75 


Bagels =o 5°85 Mell 2-4 16 0-83 9,800 a 

In the reactions between (a) benzaldehyde and #-chloroacetophenone and (b) p-chloro- 
benzaldehyde and acetophenone the plots of 1/c against time were curved, indicating a tendency 
towards an equilibrium state. Approximate values for the velocity coefficients were obtained 
in these cases by drawing tangents to the curves at zero time. These values served to indicate 
the order of the velocity coefficient and of the energy of activation. 


DISCUSSION. 


The results obtained in the kinetic measurements show that the speed of the con- 
densation of benzaldehyde with acetophenone is proportional to the concentrations of both 
reagents (constancy of the bimolecular coefficients in presence of a fixed concentration of 
catalyst) and also to the concentration of the ethoxide ion (approximate linearity of k 
values when the ethoxide concentration is varied). The velocity is therefore correctly 
represented by the expression v = k[aldehyde][ketone][OEt’]. Only its dependence upon 
the concentration of the aldehyde had been demonstrated previously (Nikitin, loc. cit.). 

Inspection of the values of the energy of activation and of the non-exponential term of 
the kinetic equation k = PZ .e~*'R? leads to the following interesting conclusions. 
(a) The introduction of a p-methoxyl group into the aldehyde molecule leads to a decrease 
in speed, which is to be ascribed to a higher energy of activation (by 1000 cals.), the PZ 
term not being changed to any extent which is outside the limits of precision of the deter- 
mination of this quantity. The measurements on the velocity of reaction of #-chloro- 
benzaldehyde with acetophenone gave an approximate value for the energy of activation 
of the order of 8,000 cals. It is quite certain that the value of E is increased by p-methoxyl 
and lowered by #-chloro-substituents, in accordance with the effect anticipated for a 
change which is favoured by recession of electrons from the seat of reaction. 

(6) Introduction of p-methoxyl into the acetophenone molecule has no effect upon the 
energy of activation, and the lower velocity is to be attributed to a decrease (though not a 
large one) in the non-exponential term. When #-chloroacetophenone reacts with benz- 
aldehyde, accurate values for velocities are difficult to obtain, for the reasons given above ; 
nevertheless, we were able to estimate 10,000—10,500 cals. as an approximate value for 
the energy of activation. This again is very near to the value found for acetophenone 
and benzaldehyde. The velocity of the former reaction, however (k,;. = 15-7), is almost 
double that of the latter, indicating a definite increase in log PZ. 

We therefore suggest that the influences of substituents may be described, with some 
degree of probability at least, as follows: groups in the benzaldehyde molecule influence 
the velocity mainly by changing the energy of activation, whereas substituents in the 
acetophenone change principally the non-exponential factor. 

In setting up a mechanism for the reaction of benzaldehyde with acetophenone in the 
presence of a basic catalyst, two alternatives may be envisaged: (a) the ethoxide ion may 
withdraw a proton from the acetophenone in accordance with Hann and Lapworth’s 
mechanism (J., 1904, 85, 46) for changes of this type, a scheme which has been re-expressed 
by various later workers; (b) the ethoxide ion may form an activated addition complex 
with the aldehyde (Watson, “‘ Modern Theories of Organic Chemistry,” Oxford, 1937, 
p- 110). These two mechanisms may be written as follows : 


Lb 1 
(a) CHyCOPh + OEt’ = €H,-COPh + HOEt 


H 
Ph-CHO + €H,-COPh —> Ph-CX CH, COPh —> Ph-CH:CH-COPh + OH’ 


he | 
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1 V4: 
Ph-CHO + OEt’ = Ph: Et 
2 


H H 
Phe ORE 4. CHyCOPh —> Ph-C€CHyCOPh 4 HOEt 


Ph-CH:CH-COPh + OH’ 
The production of hydroxy] ion leads to no difficulty, since in our medium (90% alcohol) it 
will be immediately replaced by ethoxide ion. 

The measured speed is that of the decrease in concentration of carbonyl group, and 
this process occurs in reaction 3. Since reaction 3 is followed immediately by loss of water 
we may regard it as irreversible and we may consider two extreme types of relationship 
between the relative speeds of reactions 1, 2, and 3. 

(i) vg may be small enough compared with v, and v, to permit the establishment and 
maintenance of the equilibrium concentration of the ketone ion in (a) or the complex ion 
in (b). For the former mechanism we then have 


Measured velocity = v4 = k,[Ph-CHO][CH,°CO-Ph] 
= k,K[Ph-CHO][CH,°CO-Ph][OEt’] /[EtOH] 
= constant x [Ph-CHO][CH,-COPh][OEt’] 
A similar expression may be derived for mechanism (8). 

(ii) vs may be very large compared with v, and u,, so that none of the ketone ion returns 
to the original reagents and the measured velocity is v, = constant x [CH,-COPh][OEt’]. 
In this case the measured velocity is independent of [Ph-CHO] in (a) and of [CH,-COPh] in 
(6). This state of affairs probably exists in the aldol condensation of acetaldehyde studied 
_ by Bell (J., 1937, 1637; cf. Watson, Ann. Reports, 1939, 36, 215). 

If the speeds of reactions 1, 2, and 3 were of the same order we should obtain a more 
complicated velocity equation which certainly would be very different from that found 
experimentally. 

In both mechanisms (a) and (bd) the first stage consists in a reaction between a neutral 
molecule and an ion, and reactions involving an ion usually have a P factor of about unity 
(Grant and Hinshelwood, J., 1933, 258). Now the value of P for the reaction between 
acetophenone and benzaldehyde is of the order 10+, and it is therefore probable that only one 
of many ions proceeds to reaction3; the vast majority either revert to the original state or 
stay in the form of the ketone ion (a) or the complex ion (b). The condition (i) in which 
an equilibrium is established is therefore the probable one and is in harmony with the 
observed kinetics. The last stage requires, inter alia, collision with a suitably orientated 
benzaldehyde molecule in (a) or an acetophenone molecule in (b), and the probability of 
this collision is apparently small. It is this stage which determines the extent to which 
the value of P differs from unity. On the basis of the assumption that v, is much smaller 
than v, or vg, it therefore appears that either mechanism is in accord with the observed 
kinetics. 

Mechanism (a) presumably needs its energy of activation almost entirely for the 
removal of the proton from the ketone, since the anion so formed will be highly activated, 
possessing, in all probability, sufficient energy to bring about thé next stage (reaction with 
the aldehyde molecule). This mechanism therefore demands that substituents in the 
acetophenone should change the value of E. Mechanism (8), on the other hand, requires 
its energy for the reaction of the catalyst with the aldehyde, and here the complex ion 
formed will possess the energy required for the subsequent reaction with the ketone. 
According to this scheme, therefore, substituents in the benzaldehyde should change the 
energy of activation for the reaction. The P factor will depend, to some extent at least, 
however, upon the facility with which the ketone can react with the complex, and hence 
substituents in the acetophenone would be expected to lead to a variation in the P factor. 
The latter conclusions are in harmony with our experimental results. 
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Although we do not claim that this work provides a conclusive proof or disproof of 
either mechanism, we suggest that the results are best interpreted in the light of 
mechanism (b), and that they tend to the conclusion that the first step in the complete 
series of changes is a reaction of the aldehyde with the basic catalyst. The work appears, 
in fact, to offer for the first time a means of distinguishing between mechanisms of the types 
set out above. 


We thank Dr. H. B. Watson for suggesting this subject, and Imperial Chemical Industries 
Ltd. for grants. 


TECHNICAL COLLEGE, CARDIFF. [Received, June 28th, 1940.) 





246. A New Method for the Micro-analysis of Gases. 


By RoBERT SPENCE. 


A constant-volume micro-gas analysis apparatus is described. The gas is cir- 
culated over a small quantity of solid reagent contained in a capillary loop fitted with 
micro-non-return valves. Absorption can be followed directly by observation of 
the pressure, and when absorption is complete, the gas is returned to the micro- 
burette, where its pressure is again determined. The analysis is rapid and accurate. 


THE accurate analysis of small quantities of gas is of great importance in biology, and the 
recent development of the study of gas reactions has afforded numerous examples demanding 
a reliable and convenient method of micro-gas 
analysis. Existing methods are reviewed by 
Farkas and Melville (‘‘ Experimental Methods in 
Gas Reactions,”’ London, 1939) and by Hartridge 
(J. Sct. Instr., 1939, 16, 317). In the most modern 
apparatus (Blacet and Leighton, Ind. Eng. Chem., 
Anal., 1931, 3, 266, and see Sutton, J. Sci. Insitr., 
1938, 15, 133) analysis is carried out at constant 
pressure, the change in the volume of the gas at 
different stages in the analysis being measured by 
means of a graduated capillary tube. When the 
volume of the sample has been determined, the 
gas is forced into a small tube over mercury and 
solid reagents or liquids absorbed on fritted glass 
are introduced by means of a. platinum loop. 
Under the best conditions 100 cu. mm. of gas can 
be analysed by this method with an accuracy of 
0-1%. There are, however, a number of dis- 
advantages inherent in the constant-pressure 
method which are to a considerable extent eliminated in the constant-volume method 
now to be described. 


The new apparatus consists essentially of a loop of capillary tubing round which the gas is 
caused to circulate, and in doing so it passes over small quantities of absorbent located at 
suitable points in the tube.- The gas can be quickly withdrawn from this loop into a capillary 
burette, where its pressure is determined whilst a second loop containing different reagents is 
affixed. : 

The Reagent Loop.—Each absorbent or system of absorbents is contained in a loop of the 
type shown in Fig. la. The non-return valves a, a cause the gas to circulate round the loop 
when the mercury column in the side tube (see p. 1302) oscillates upanddown. A small quantity 
of solid reagent is contained in the chamber 6. The loop is made from Pyrex capillary tubing 
(about 0-25 mm. bore and 3 mm. diameter). Sockets for the ground joints a, b, and c are made 
by drawing out quill tubing and cutting the taper at a point where the diameter is slightly 
larger than that of the capillary. The socket and capillary are then carefully fused together 
by a very small flame, and the socket cut to a suitable length (about 0-7 cm.). A second piece 
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of capillary is drawn to fit the socket, cut to about the correct length, and ground in with 
carborundum powder. In the case of reagent chambers, a space of about 3 mm. is left between 
the end faces of the cone and socket, whereas in the valves this space is reduced to about 
0-2mm. Moreover, before sealing the socket of the valve to the capillary tube, a small groove g 
(Fig. 1b) is pressed in the face of the latter when 

softened in a small flame and the face is then Fis. 2. 

ground flat. A small chip of thin flexible glass, 
obtained by blowing a very thin bulb and 
flattening the wall in the flame, is inserted between 
the two ground faces of socket and cone. This 
allows free passage of gas in one direction via the 
groove gq but prevents passage in the opposite 
direction. Picein wax is used as a sealing material 
for the valves and joints and when the loop is not 
in use a stopper is inserted in the end. The total 
volume of such a loop may be between 10 and 20 
cu. mm. 

The Measuring System, Tépler Pump, and 
Method of Analysis——The construction of the 
remainder of the apparatus is apparent from Fig. 2. 
It consists essentially of two Tépler pumps, a 
micro-burette, and a mercury manometer, all 
supported on a wooden stand. In the particular 
instrument to be described, the side arms of the 
stopcock 1 have a bore of about 1-5 mm. The 
micro-burette a consists of about 4 cm. of this 
capillary immediately below the stopcock. For 
the sake of accuracy, the diameter is reduced to 
0-5 mm. in the neighbourhood of the calibration 
mark. The temperature of the gas in the micro- 
 burette is controlled by the water jacket b, made 
from the two microscope slides and two pieces of 
boxwood waxed together, and its pressure can be 
obtained from the mercury manometer d after the 
zero reading has been deducted. 

An advantage of this type of apparatus is that 
gas may be withdrawn direct from a reaction 
system at low pressure by means of Topler pump 
c, and to facilitate attachment to the system, the 
side arm e of stopcock 1 is fitted with a standard 
ground-joint cone. However, when it is desired 
to transfer a specimen of gas at atmospheric 
pressure to the micro-burette, the end of the 
above-mentioned side arm is immersed in a 
mercury trough near to the tube containing the 
specimen. It is then a simple matter to transfer 
the gas by means of a small pipette of the kind 
described by Sutton (loc. cit.) Before the gas is 
actually drawn into the micro-burette, it is advis- 
able to remove all traces of adsorbed gas from Scale 
the bulb c by raising and lowering the mercury 5 cm. 
several times and evacuating through the Tépler 
pump g. Adsorption is one of the main factors to be taken into consideration in micro-gas 
analysis, but in this case, as the pressure is always reduced to less than 1 mm. before com- 
pression into the micro-burette, the possible error from this cause during analysis is small. If 
the highest accuracy is required, bulb c and possibly the loop and stopcock 1 should be made 
from fused silica free from bloom (cf. Hartley, Henry, and Whytlaw-Gray, Trans. Faraday 
Soc., 1939, 35, 1452). The possibility of error from adsorption would then be entirely removed. 
The pressure lowering produced by allowing the mercury to fall to the bottom of bulb c is a 
routine step in the analysis which should always be carried out before a determination of the 
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pressure of the gas in the micro-burette. This is specially important after collecting the 
specimen, because in some cases the walls of the bulb may become exposed to the gas at 
relatively high pressures, whereupon adsorption is considerable. 

When the loop containing the required absorbent has been attached at j and the mercury 
level has been adjusted to a point below the Tépler bulb g, it is connected to a water pump 
or vacuum line via stopcocks 3 and 4 and the phosphoric oxide tube i. Then, by turning 
stopcock 2, it is possible to evacuate thoroughly by means of Tépler g. It is necessary to turn 
stopcock 3 at each stroke of the pump in order to control the flow of mercury, but as only a 
few strokes are required, evacuation is easy and rapid. A constriction in the tube below the © 
point k prevents an accidental rush of mercury into the loop, where it would interfere with the 
operation of the valves. It also allows of an easy adjustment of the meniscus tok. When this 
has been done, stopcock 2 is turned, and the pressure in a is diminished by lowering the mercury. 
The micro-burette can now be connected to the loop via the two-way stopcock 1, and the gas 
circulated by raising and lowering the mercury level in the short piece of 1-5 mm. tubing imme- 
diately above the stopcock. A conveniently placed mark on this capillary enables the operator 
to follow the absorption on the manometer without having to return the gas to the micro- 
burette. When absorption is complete the mercury is lowered to the bottom of bulb c, care 
being taken not to leave any droplets in the capillary and, after about $ min., stopcock 1 is closed. 
The mercury is now adjusted to the mark in a and the new pressure is determined. This 
pressure, however, has to be multiplied by the ratio of the total volume of the loop, capillary, 
and bulb ¢ to that of the bulb and micro-burette only, in order to obtain the actual amount 
of gas absorbed by the reagent. The correction normally amounts to about 0-1%. It is 
advisable to determine the volume of bulb c during the construction of the apparatus. That 
of the micro-burette is obtained by introducing a little dry air from the Tépler pump side, the 
normal inlet tube and stopcock bore having previously been filled with mercury. Mercury 
from a tared crucible is now allowed to enter via the inlet tube, and the position of the air bubble 
adjusted until the meniscus is level with the calibration mark on the micro-burette. The 
volume is calculated from the loss in weight of the tared crucible of mercury. If, after an 
absorption, the mercury level is adjusted to the mark on the micro-burette, the pressure of the 
gas contained in the loop, capillary tubing, and micro-burette can be determined and by com- 
paring this with the pressure exerted by the gas when confined in the micro-burette alone, the 
volume of the loop and capillary above the stopcock is readily obtained. 

The gas having been transferred to the micro-burette, the loop is filled with dry air by first 
connecting trap h to the atmosphere via stopcock 4 and allowing most of the mercury to return 
to the Tépler pump. Before air is actually admitted, however, the mercury level must be 
adjusted well below g so as to prevent any mercury being driven into the loop. The loop may now 
be removed and closed with a small stopper and a second loop can be attached if required. 
When absorption is rapid, the whole cycle need not occupy more than 5 minutes. 

Determination of Oxygen by Absorption on Copper.—A piece of fine copper wire, made into a 
spiral by wrapping over a thin piece of steel wire, was inserted in a short length of 1-5 mm. 
capillary tubing which was provided with ground joints for attachment to the lower half of the 
loop, as shown in Fig. lc. The wire was first activated by repeated oxidation by oxygen and 
reduction by a drop of methyl alcohol. The section of tubing containing the wire was then 
wrapped with a single layer of asbestos paper, and over this, 12 turns of nichrome wire (0-005 
inch diameter) at the rate of 6 turns percm. Finally, the wire was covered with two layers 
of asbestos paper. The tube was brought to a suitable temperature when connected with a 
resistance of about 320 ohms in series with the 210-volt A.C. mains. After thorough evacuation 
of the loop by the Tépler pump, the sample of dry, carbon dioxide-free air was circulated and, 
with freshly activated copper, absorption was complete in about 4 minutes. Prolonged heating 
of the copper causes an increase in the absorption time. 


Percentage of Oxygen in Dry, Carbon Dioxide-free Air ; v = 0-06 c.c. 
° Prorr.: Mm. absorbed. %. 
Initial value  .........s00sse cesses | ; 762-5 


Final value ............s2.seese0see S 4 604-8 157-7 20-68 
Initial value .............eeeeeee . . 790-0 


Final value ...............0e0eeeeee . 625-4 164-6 20-84 
The values given under P,.;,, are corrected to the initial temperature and for the volume of 
the loop. 

Determination of Oxygen by Combustion of Yellow Phosphorus.—Although the copper method 
works extremely well, the process of activation is a complication. In many cases, therefore, 
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the yellow phosphorus method (Blacet and Leighton, Joc. cit.) is more convenient, if slightly 
less accurate. As the lower limit of oxygen pressure in the combustion of phosphorus vapour 
is inversely proportional to the square of the diameter of the vessel, it is advisable to increase 
the size of the reagent chamber to 5 mm. diameter and 5 mm. in length in order to ensure 
adequate removal of oxygen. Otherwise the loop is exactly as shown in Fig. 1. If the chip 
of yellow phosphorus is fused during the evacuation process, absorption is rapid and the whole 
analysis can be completed in 5 minutes. 


Percentage of Oxygen in Dry, Carbon Dioxide-free Air ; v = 0-06 c.c. 





P, mm. T. Por. Mm. absorbed. %. 
Initial value .......eceeeeeeeeeee 7260 17-8° 726-0 —_ — 
Final value ..........00sseseeeeeeee 5750 17-3 576-8 149-2 20-55 
Initial value  .........s0eeeeseeeee 712-0 17-2 712-0 _— — 
Fimal value ..........0csceceeeeeeee 565-0 17-1 565-8 146-2 20-53 
Initial value ..........seeeeseeeee 722-0 16-3 722-0 — 7 
Final value ............. 573-0 16-3 573-6 148-2 20-53 


Unsaturated hydrocarbons and higher paraffins, if present in the gas, also become involved 
in the oxidation process (cf. Tausz and Goérlacher, Z. anorg. Chem., 1930, 190, 95; Melville, 
Trans. Faraday Soc., 1932, 28, 1) and should therefore be previously removed. This can be 
done by circulating the gas through a loop, part of which is immersed in liquid air. 

Oxygen can also be quantitatively removed by passage over reduced copper supported on 
kieselguhr at 200° (Meyer and Ronge, Angew. Chem., 1939, 52, 637). It is hoped to describe 
experiments with this reagent in a later communication. 

Determination of Carbon Dioxide.—Carbon dioxide can be determined by means of a loop 
containing chips of solid potassium hydroxide which have become moistened by a few minutes’ 
exposure to the atmosphere. The loop shown in Fig. 1a will allow of a number of determinations 
in the case of gases containing only a small percentage of carbon dioxide, such as coal gas; 
for instance, two successive determinations on the same sample of coal gas gave 2-47 and 2-46% 
of carbon dioxide. When the gas contains a higher proportion of carbon dioxide, it is advisable 
to use a rather bigger reagent chamber so as to avoid frequent replenishment of the alkali. 

Determination of Hydrogen, Carbon Monoxide, Methane, and Ethane.—Hydrogen and carbon 
monoxide are oxidised over a copper oxide-coated spiral at 270°, a loop of the type shown in 
Fig. le being used. It is convenient to charge the reagent chambers with phosphoric oxide so 
as to observe the absorption of hydrogen directly. This is quite rapid, but the gases should be 
circulated for at least 15 minutes to ensure complete oxidation of the carbon monoxide (Gooder- 
ham, J. Soc. Chem. Ind., 1938, 57, 388). The carbon monoxide figure is obtained by subsequent 
absorption of the carbon dioxide. When hydrogen is absent, the reagent chambers of the copper 
oxide loop can be charged with moistened potassium hydroxide so as to obtain the carbon 
monoxide value in a single operation. 

Methane and ethane may be sparked with excess of oxygen in a loop containing a bulb 
(0-5 cm. diameter) fitted with two platinum electrodes and two reagent chambers charged with 
phosphoric oxide. However, it is better to avoid complicating the operations by addition of 
oxygen by using Arneil’s copper oxide-iron oxide catalyst (J. Soc. Chem. Ind., 1934, 58, 897). 
The pure oxides are mixed together in the ratio 99 CuO: 1 Fe,O, by weight and 20% of finely 
ground kaolin is added. The mixture is made into a paste with water and allowed to dry. 
Small pieces of the hardened paste are introduced into a loop of the type illustrated in Fig. Ic, 
the upper section of which is made of quartz. The temperature of the catalyst is raised to about 
600° by an electric heater, and the oxide mixture is thoroughly evacuated at this temperature. 
If the reagent chambers are charged with phosphoric oxide in order to absorb the water vapour 
formed in the combustion, any increase in pressure will be equivalent to the ethane, whilst 
methane can be determined from the total amount of carbon dioxide produced by subtracting 
an amount equivalent to twice the ethane. Once the loop has been prepared, the method 
presents no difficulties, as combustion is complete in a few minutes and the catalyst can easily be 
reoxidised by circulating air. 

If the loop dimensions given in this paper are doubled, the loops will be more robust and 
easier to fill, and the degree of accuracy will not be greatly impaired: Furthermore, a given 
charge in the reagent chambers will suffice for an increased number of analyses. It is hoped to 
give analytical data for synthetic mixtures of known composition at a later date. 


- The author wishes to thank the Chemical Society for a grant. 
Tue University, Lezps. [Received, July 26th, 1940.) 
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247. The Synthesis of ww’ -Bis-2'-amino-4' -thiazolylalkanes and 
N4-2'-Thiazolylsulphanilamides. 


By JAMES WALKER. 


ww’-Bischloroacetylalkanes react with thiourea with quantitative formation of 
the dihydrochlorides of ww'-bis-2'-amino-4'-thiazolylalkanes. The Arndt—Eistert method 
for the homologation of carboxylic acids is applicable to the bis-homologation of dibasic 
acids. Two N‘-2’-thiazolylsulphanilamides have been obtained by the condensation 
of p-sulphonamidophenylthiourea with the appropriate «-halogeno-ketones. 


TRAUMANN (Amnalen, 1889, 249, 31) showed that derivatives of 2-aminothiazole were 
readily accessible by the condensation of «-halogeno-ketones with thiourea, and this 
reaction has now been extended to a number of ww’-bischloroacetylalkanes (I) with the 
production of ww’-bis-2’-amino-4’-thiazolylalkanes (II), which were of theoretical interest 
in relation to recent developments in the chemotherapy of trypanosomiasis (for brief 
review, vide Yorke, Trans. R. Soc. trop. Med. Hyg., 1940, 33, 463). The dthydrochlorides 
of 1: 4-bis-2’-amino-4'-thiazolyl-n-butane (II; m= 4), 1: 6-bis-2’-amino-4’-thiazolyl-n- 
hexane (II; nm =6), 1: 8-bis-2’-amino-4'-thiazolyl-n-octane (II; m = 8), and 1: 10-bis- 
2’-amino-4'-thiazolyl-n-decane (II; m=10) were obtained in practically quantitative 
yield by the Traumann reaction from thiourea and 1 : 4-bischloroacetyl-n-butane (I; n = 4), 
1 : 6-bischloroacetyl-n-hexane (I; nm =6), 1: 8-bischloroacetyl-n-octane (I; = 8), and 
1 : 10-bischloroacetyl-n-decane (I; m = 10) respectively. These salts were somewhat 
sparingly soluble in water at room temperature and their saturated aqueous solutions had 
a py of the order of 5. The free bases also were isolated and are described below. The 
necessary «w’-bischloroacetylalkanes (I) were obtained from the chlorides of the correspond- 
ing aliphatic dibasic acids containing two fewer carbon atoms by treatment with diazo- 
methane, followed by decomposition of the resulting ww’-bisdiazoacetylalkanes (III) with 
hydrogen chloride. 


CO,H CO-CHN, CO-CH,Cl 


[CHalss <— (Hk —> (CH —>H a: ficHe : ‘NH, 
CoH = CO-CHN, ~—-CO-CH,C : VV ‘ \¢ 
(IV.) (III) (1) (IL) 


| While ww’-bisdiazoacetylalkanes (III) were being handled the opportunity was taken 
to see whether the Arndt-Eistert homologation process (Ber., 1935, 68, 200) would be 
applicable to the bis-homologation of dibasic acids, (III) —> (IV), and this was found to 
be the case. Adipic acid and sebacic acid were readily bis-homologated in this way to 
suberic acid and decane-1 : 10-dicarboxylic acid respectively and it was found preferable 
to use the ammoniacal silver reagent and then to hydrolyse the resulting amides to the 
free acids. Arndt and Eistert (loc. cit.) also found this procedure preferable to attempting 
the direct preparation of the homologous acid or of its ester, although the direct conversion 
of 1 : 8-bisdiazoacetyl-n-octane (III; = 8), prepared from sebacic acid, into decane- 
1 : 10-dicarboxylic acid (IV; ™ = 8) was also found to be a facile process. 

In another connection the synthesis of the two N-2’-thiazolylsulphanilamides contain- 
ing the thiazole moiety characteristic of vitamin B, was undertaken in the anticipation 
that these might be of interest in infections due to organisms requiring vitamin B, as a 
growth factor, and these experiments were already in progress when Fildes (Lancet, 1940, 
i, 955; cf. Chem. and Ind., 1940, 59, 133) published his thesis of a “ rational approach ” 
to chemotherapy, which embodied this idea. Much of the synthetic work projected and 
undertaken has, however, been recently anticipated (May and Baker, Newbery and Viaud, 
Brit. Pat. 517,272) and further work along these lines has therefore been suspended. The 
two N*-derivatives, N‘*-4'-methyl-2'-thiazolylsulphanilamide (V; R =H) and N¢4-5’-p- 
hydroxyethyl-4'-methyl-2'-thiazolylsulphanilamide (V; R = CH,°CH,°OH), resulted from 
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the condensation of 4-sulphonamidophenylthiourea (V1) with chloroacetone and methyl 
a-bromo-y-acetoxypropyl ketone respectively. 
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EXPERIMENTAL. 


The Preparation of Diazomethane.—In agreement with Owen, Ramage, and Simonsen 
(J., 1938, 1211) diazomethane has been found to be very economically accessible from nitroso- 
methylurea prepared, not according to Arndt (Organic Syntheses, 15, 48), but from acetamide 
and bromine (Hofmann, Ber., 1881, 14, 2725, 2734; Werner, J., 1919, 115, 1096). In addition, 
however, the precautions recommended by Odenwald (Amnalen, 1918, 416, 228; 1918, 418, 


317) should be observed if the maximum yields of the intermediate acetylmethylurea are to be 
obtained. 




































































































































































st 1 : 4-Bisdiazoacetyl-n-butane (III; n = 4).—Adipoyl chloride (9-1 g.) in dry ether (50 c.c.) 
ef was added dropwise to a dried (potassium hydroxide) solution of diazomethane (9-25 g.; 
les estimated by titration against n/20-ethereal benzoic acid; cf. Marshall and Acree, Ber., 1910, 
n- 43, 2323) in ether (700 c.c.). A brisk effervescence took place and a crystalline separation 
is- occurred within a few minutes. The mixture was left overnight at room temperature and 
ve then concentrated to small bulk and chilled. The yellow crystalline product was collected 
4), (7-32 g.; m. p. 69—71°) and washed with a small amount of cold ether; it was free from 
nd chlorine. The mother-liquors on further concentration yielded a further small quantity 
at (0-94 g.) of less pure product which contained traces of chlorine. The compound separated from 
ad benzene-ligroin (1 : 2) in lemon-yellow plates, m. p. 69—71°, i.e., the main product as obtained 
‘he Lae pure (Found : C, 49-9; H, 4:9; N, 281. C,H,,O,N, requires C, 49-5; H, 5-1; 
N, 28-:9% 
id- 1 : 4-Bischloroacetyl-n-butane (I; m = 4).—The foregoing compound in ether—chloroform 
th (to increase solubility) was treated with dry hydrogen chloride until the yellow colour was 
it discharged (5—10 minutes). Part of the product crystallised directly and the remainder was 
obtained by evaporation of the solvent under reduced pressure (yield, quantitative). The 
substance was readily soluble in the common organic solvents, but recrystallisation from ether 
afforded thin colourless rods, m. p. 81—82° (Found: C, 45-4; H, 5-6; Cl, 33-5. C,H,,0,Cl, 
requires C, 45-5; H, 5-7; Cl, 33-7%). 
1 : 4-Bis-2’-amino-4'-thiazolyl-n-butane (II; m = 4) Dihydrochloride.—1 : 4-Bischloroacetyl- 
butane (2-11 g.; 1 mol.) and thiourea (1-52 g.; 2 mols.) were dissolved in 66% aqueous alcohol 
(21 c.c.) and warmed on the water-bath. A microcrystalline solid separated after about 15 
-™ minutes and the mixture was left on the steam-bath for about 2 hours. After chilling in the 
“ ice-chest the colourless solid (2-64 g., m. p. 281—284°) was collected and a further quantity 
. (0-53 g.) was obtained by concentrating the mother-liquors to small bulk (total yield, 97%). 
1 to The dihydrochloride separated from hot water in small cubes with frequent twinning, m. p. 
’ to 284—285° (efferv.) after darkening (Found: C, 37-1; H, 5-2; N, 17-2; S, 20-1; Cl, 21-3. 
ible CigH,,N,S_,2HCl requires C, 36-7; H, 4-9; N, 17-1; S, 19-6; Cl, 21-7%). 
the The free base was precipitated from a hot aqueous solution of the dihydrochloride by the 
ting addition of an excess of sodium bicarbonate solution. It separated from 50% aqueous alcohol 
sion in small, colourless, elongated, rhombic octahedra, m. p. 220—221° (Found: C, 47-7; H, 5-3. 
wne- CyoH,N,S, requires C, 47-2; H, 5-5%). 

1 : 6-Bischloroacetyl-n-hexane (I; m = 6).—Suberic acid (3-5 g.) was converted into the acid 
ain- chloride with thionyl chloride (6 c.c.) and the crude chloride, freed from the excess of thionyl 
tion chloride, was added dropwise in ethereal solution (25 c.c.) to an excess of ethereal diazomethane 
as a (from 20 g. of nitrosomethylurea). After 12. hours chloroform was added to dissolve the bis- 
940 diazoacetylhexane which had crystallised and the solution was set aside for 30 minutes after 
ch ” saturation with hydrogen chloride. Evaporation of the ether-chloroform yielded the crude 
| d product in theoretical yield as a light brown solid. The substance separated from 60% aqueous 

on methyl alcohol as a voluminous mass of small colourless plates, m. p. 85—86° (Found : C, 50-2; 

aud, | H, 6-6; Cl, 29-7. CygH,0sCl, requires C, 50-2; H, 6-7; Cl, 29-7%). 

The 1 : 6-Bis-2’-amino-4'-thiazolyl-n-hexane (I1; n = 6) Dihydrochloride.—1 : 6-Bischloroacetyl- 

: -B- hexane (1-2 g.; 1 mol.) and thiourea (0-76 g.; 2 mols.) were refluxed in 60% aqueous alcohol 
om, 








(25 c.c.) for 1} hours and the resulting solution was filtered hot. On cooling, short stout prisms 
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separated; these (1-3 g., m. p. 306—308°) were collected and a further quantity (0-44 g.) was 


obtained after concentrating the mother-liquors to small bulk (total yield, 98%). Recrystallis- 
ation from hot water afforded short, stout, faintly cream-coloured prisms of the dihydrochloride, 
m. p. 308—310° after darkening (Found: C, 40-8; H, 5-8; N, 15-8. C,,H,,N,S,,2HCl requires 
C, 40-6; H, 5-6; N, 15-8%). 

The free base, liberated by means of sodium bicarbonate solution, separated from 75% 
aqueous alcohol in microscopic bipyramids, m. p. 204—205° (Found: C, 51-1; H, 6-4; 
N, 19-8. C,,H,,N,S, requires C, 51-0; H, 6-4; N, 19-8%). 

1 : 8-Bis-2'-amino-4'-thiazolyl-n-octane (Il; nm = 8) Dihydrochloride.—1 : 8-Bischloroacetyl- 
octane (2-67 g.; 1 mol.) (Work, this vol., p. 1318) and thiourea (1-52 g.; 2 mols.) were condensed 
in aqueous alcohol as in the examples already recorded; much of the product crystallised at 
the b. p. of the solution. The dihydrochloride, obtained in practically quantitative yield, 
separated from hot water in microscopic stout rhombs, m. p. 309—311° (efferv.) after darkening 
(Found: C, 44-1; H, 6-0; N, 14:3; S, 16-6; Cl, 18-2. C,,H,,N,S,,2HCl requires C, 43-9; 
H, 6-3; N, 14-6; S, 16-7; Cl, 18-56%). 

The free base, isolated in the usual way, separated from 95% alcohol in lance-shaped prisms, 
m. p. 180—181° (Found: C, 54-4; H, 6-9. C,,H,,N,S, requires C, 54-2; H, 7-1%). 

1 : 10-Bis-2'-amino-4'-thiazolyl-n-decane (I1; m= 10) Dihydrochloride.—1 : 10-Bischloro- 
acetyldecane (2-95 g.; 1 mol.) (Work, Joc. cit.) and thiourea (1-52 g.; 2 mols.) gave a quantitative 
yield of the dihydrochloride (m. p. 270—272°). Recrystallisation from hot water afforded 
colourless microscopic cubes, m. p. 274—276° after darkening (Found: C, 47:1; H, 6-6; 
N, 13-2; S, 15-4; Cl, 17:1. C,gH,.N,S,,2HCl requires C, 46-7; H, 6-8; N, 13-6; S, 15-6; 
Cl, 17-3%). 

The free base separated from 70% aqueous alcohol ir short stout prisms with pointed ends, 
m. p. 168—171° (Found : C, 56-9; H, 7-7. CysHygN,S, requires C, 56-8; H, 7:7%). 

Bis-homologation of Sebacic Acid. Decane-1:10-dicarboxylic Acid.—(A) 1 : 8-Bisdiazo- 
acetyloctane (6-8 g.) (Work, loc. cit.), prepared from sebacoyl chloride, in warm dioxan (100 c.c.) 
was added to a suspension of freshly prepared silver oxide (7 g.) in water (250 c.c.) containing 
sodium thiosulphate (11 g.), stirred throughout at 75°. A fairly brisk effervescence took place 
and after 1} hours at 75° the liquid was filtered from the black silver residue. Acidification of 
the clear, almost colourless filtrate with nitric acid yielded a gelatinous precipitate, which proved © 
exceedingly difficult to filter; the product was therefore isolated by ether extraction. Evapor- 
ation of the dried extract afforded a white microcrystalline solid (4-5 g., 72%), m. p. 115—117°. 
Recrystallisation from 20% aqueous acetic acid raised the m. p. to 127—128°, undepressed on 
admixture with authentic decane-1 : 10-dicarboxylic acid (m. p. 126—127°) but depressed 
(108—113°) on admixture with sebacic acid [Found : C, 62-9; H, 9-4; equiv., 116. Calc. for 
C,:H,,0,: C, 62-6; H, 95%; equiv. (dibasic acid), 115]. In another experiment a consider- 
able bulk of the bisdiazoacetyloctane was precipitated in a crystalline condition when its 
dioxan solution was added to the aqueous mixture. It was recovered by extracting the silver 
residue with acetone and the following procedure was found to be an improvement. 

(B) 1: 8-Bisdiazoacetyloctane (3-9 g.) in warm dioxan (50 c.c.) was treated with 20% 
aqueous ammonia (15 c.c.) and 10% aqueous silver nitrate (3 c.c.) under reflux in a roomy 
flask on the water-bath. There was a gentle effervescence for a few minutes, terminated by a 
violent reaction in which the clear yellow colour of the solution disappeared and the mixture 
became dark brown and opaque. The solution, after remaining for 4 hour on the water-bath, 
was filtered hot; on cooling, it deposited the amide of decanedicarboxylic acid as a colourless 
microcrystalline solid (3-1 g., 87%), m. p. 181—184°, and 184—185° after recrystallisation 
from 25% aqueous acetic acid (Found: C, 62-8; H, 10-3; N, 12-1. Calc. for C,,H,,0,N,: 
C, 63-1; H, 10-5; N, 12-3%). Barnicoat (J., 1927, 2928) records m. p. 189°. 

The diamide (1 mol.) was refluxed for ca. 2} hours with 3N-potassium hydroxide (4 mols.) ; 
the acid, recovered quantitatively, separated from 20% aqueous acetic acid in large, thin, 
transparent plates, m. p. 127—128°, undepressed on admixture either with the specimen 
prepared in (A) (above) or with an authentic specimen. 

Bis-homologation of Adipic Acid. Suberic Acid.—1 : 4-Bisdiazoacetylbutane (6 g.) (prepared 
from adipoyl chloride) in warm dioxan (60 c.c.) was treated with a mixture of 20% aqueous 
ammonia (25 c.c.) and 10% aqueous silver nitrate (4 c.c.). As in the preceding experiment, a 
moderate effervescence for a minute or two reached a climax in a violent effervescence and 
darkening. The mixture was left on the water-bath for 4 hour, and the reduced silver 
coagulated. The clear yellow solution was filtered and chilled and the solid (2-83 g.) which 
separated was collected. Concentration of the mother-liquor yielded a further quantity 









[1940] Antiplasmodial Action and Chemical Constitution. Part III. 1307 


(1:21 g.). The crude suberamide (5-43 g.) was directly hydrolysed to the more readily 
purified free acid by alkaline hydrolysis as in the analogous case described above. The crude 
acid (5-4 g.; overall yield, 75%) had m. p. 137—139°, which was raised to that (141°) of pure ’ 
suberic acid by recrystallisation from water (Found: C, 55-3; H, 8-3. Calc. for C,H,,0,: ¥ 
C, 55-1; H, 8-0%). r 
4-Sulphonamidophenylthiourea (V1).—Sulphanilamide (17-2 g.) and ammonium thiocyanate % 
(8 g.) were dissolved in N-hydrochloric acid (100 c.c.) and the solution was evaporated to dryness 
on the water-bath. The solid residue was triturated with water (100 c.c.) and again taken 
to dryness; this process was repeated a second time. The solid crystalline residue finally 
obtained was triturated with 3n-hydrochloric acid and washed with water; it then gave no i 
diazo-reaction and unchanged sulphanilamide (2-55 g.) was recovered from the acid washings. me 
The crude product (16-7 g.; net yield 85%), m. p. 205—206°, was readily purified by recrystallis- A 
ation from hot water and the pure compound formed thin flat prisms with pointed ends, m. p. a 
209° (Found: C, 36-4; H, 43; N, 17-7; S, 27-1. C,H,O,N,S, requires C, 36-4; H, 3-9; 
N, 18-2; S, 27-6%). 

N¢*-4’-Methyl-2'-thiazolylsulphanilamide (V ;; R = H).—4-Sulphonamidophenylthiourea (2-31 
g.) was dissolved in hot water (150 c.c.) and treated with freshly distilled chloroacetone 
(0-9 c.c.; 10% excess). The solution was left on the water-bath for 2 hours; on cooling, a solid 
(0-86 g.) separated, m. p. 228—229°. The remainder of the product was precipitated as a 
microcrystalline solid by the addition of an excess of sodium bicarbonate solution (total yield, 
2-47 g.; 92%). The compound separated from 50% aqueous alcohol in colourless, thin, square 
plates, m. p. 234—235° (Found: C, 45-0; H, 4:1; N, 15-6; S, 23-6. C,,H,,0,N,S, requires 
C, 44-6; H, 4-1; N, 15-6; S, 23-9%). 

N*-5'-8-Hydroxyethyl-4'-methyl-2'-thiazolylsulphanilamide (V; R = CH,°CH,*OH).—4-Sul- y 
phonamidophenylthiourea (4-62 g.) and methyl a-bromo~y-acetoxypropyl ketone (4-46 g.) i 
were dissolved in warm 50% alcohol (60 c.c.) and left on the water-bath for 2 hours. The i 
alcohol was then distilled off, and the resulting aqueous solution cooled, but no separation of a: 
solid took place until an excess of sodium bicarbonate solution was added. The resulting tg 
precipitate (6 g., 80%) was collected and dried. In the expectation that the solid would con- a 
sist of incompletely deacetylated material it was dissolved in 3n-hydrochloric acid (ca. 70 c.c.) 
and kept overnight at 37°. A crystalline separation, presumably of a hydrochloride, took place. . 
The mixture was diluted with water and treated with an excess of sodium bicarbonate solution rE 
and the precipitated solid was collected, washed with water, and dried. The compound separated ¢ 
from 50% aqueous alcohol either in stout tetrahedral wedges or in fine colourless needles depend- i 
ing upon whether the hot solution was cooled slowly or rapidly, m. p. 211—212°, depressed 
(188—194°) on admixture with 4-sulphonamidophenylthiourea (Found: C, 45-6; H, 4-9; 

N, 13-4. C,,H,,;0,N,S, requires C, 46-0; H, 4-8; N, 13-4%). 
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248. Antiplasmodial Action and Chemical Constitution. Part III. a 
Carbinolamines derived from Naphthalene and Quinoline. a 


By Haroitp Kinc and Tuomas S. Work. 


The aim of this investigation was the preparation of antiplasmodial substances based @ 
on the formula of quinine but of simpler structure. A series of 1 : 2-carbinolamines has i 
been prepared from naphthalene and quinoline and from their methoxy-derivatives. i 
Antiplasmodial activity has been found in the dibutyl-, diamyl-, and dihexyl-amino- t 
methyl-6-methoxy-4-quinolylcarbinols. These are among the simplest substances to 
show antiplasmodial activity. 





In Part II (Ainley and King, Proc. Roy. Soc., 1938, B, 125, 60) it was shown that, although 
d- and /-dihydroquinicinols, which are y-piperidine derivatives (I; R = OMe, R, = Et) 
bore so close a resemblance to dihydroquinine (II; R = OMe, R, = Et), they were 
devoid of any significant antiplasmodial action as tested on bird malaria. When, how- 
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ever, the piperidine ring was attached at its «-position through the carbinol group to the 


methoxyquinoline nucleus as in (III; R = OMe), two diastereoisomerides were obtained, 
both of which showed antiplasmodial activity. 


sien, line 


CH(OH)-CH, CH, C CH(OH)-CH C 
(OH) i Ha (OH) a 


(I.) (II.) 

Since the latter bases were difficult of access and modification by conversion into the 
tertiary bases led to loss of activity, it seemed desirable to prepare a more accessible 
series of simple carbinolamines (IV) in which the strongly basic nitrogen centre was still 
separated from the quinoline nucleus by two carbon atoms as in quinine or hydroquinine. 


CH, 


5 
&, CH, R, 
CH(OH)CH CH, ada R, 
wi F 4 


H 


N (III.) N (IV.) 

A few such bases, five in all, have already been prepared by Kaufmann (Ber., 1913, 46, 
1823) and by Rabe, Pasternack, and Kindler (Ber., 1917, 50, 144), but beyond the state- 
ment by Kaufmann that they are of low toxicity to humans but strongly toxic to infusoria 
and paramecia there is no published record of their antiplasmodial activity. Schénhéfer, 
however, states (Medicine in tts Chemical Aspects, 1938, 3, 62) that compounds prepared 
by Kaufmann’s method were examined in the laboratories of the I.G.Farbenindustrie 
and found inactive on avian malaria. 

For the preparation of the required carbinolamines essential intermediates were 
4-quinolyl and 6-methoxy-4-quinolyl halogenomethyl ketones (V), of which the bromo- 
representatives were available by the method of Rabe, Pasternack, and Kindler (loc. cit.). 


CO-CH,Hal CO-CHN, CO-CH,Cl 


QO 


(V.) (VI.) (VIL.) 

It seemed, possible, however, that the useful diazomethane reaction with acid chlorides 
could be applied to heterocyclic acid chlorides. In fact, the reaction between cinchoninic 
acid chloride and diazomethane was found to proceed normally with formation of 4-quinolyl 
diazomethyl ketone (V1) and the latter readily gave 4-quinolyl chloromethyl ketone in the 
usual way. The yields, however, precluded the use of this method for the preparation 
of large quantities of the chloromethyl ketone. Recently Baumgarten and Dornow 
(Ber., 1940, 78, 44; Dornow, ibid., p. 185) have also applied the diazomethane reaction 
to other heterocyclic compounds such as the pyridinecarboxylic acid chlorides. Although 
the diazometliane reaction was not convenient for the reaction with cinchoninic acid, it 
proved quite suitable for the preparation of 1-naphthacyl chloride (VII, R = H) and 
7-methoxy-l-naphthacyl chloride (VII, R = OMe) in excellent yield. 

Naphthacyl chloride, 7-methoxynaphthacyl chloride, 4-quinolyl bromomethyl ketone, 
and 6-methoxy-4-quinolyl bromomethyl ketone were allowed to react with two molecular 
proportions of a series of secondary bases, usually in ethereal solution. When the separ- 
ation of the secondary base hydrochloride or hydrobromide was complete, the keto-bases 
were straightway reduced catalytically, with palladised charcoal as catalyst, in methy]l- 
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alcoholic solution containing aqueous mineral acid. The carbinolamines were then 
isolated as salts, usually with picric acid. 

Representative carbinolamines have been made from a series of homologous secondary 
bases from dimethylamine to diheptylamine, from piperidine and from yy’-dipiperidyl. 
In the last-named case monosubstitution was ensured by use of the monobenzoyl deriv- 
ative, the preparation of which was made possible by the application of the method used 
by Moore, Boyle, and Thorn (J., 1929, 39) for the monoacylation of piperazine. 

The preparation of dihexylamine and diheptylamine presented difficulties, since they 
could not be made by a method analogous to the preparation of diethylamine from nitroso- 
diethylaniline, nor could they be obtained except in small yield by Vliet’s method using 
sodium cyanamide (Org. Synth., Coll. Vol. 1, 196). Eventually they were synthesised 
from dihexyl- and diheptyl-benzylamine, the benzyl group being removed by catalytic 
reduction with platinum oxide in glacial acetic acid at 70°. 


CH,Ph-NH, + 2C,H,;Br —> CH,Ph-N(C,H,,), —> NH(C,Hy,), 


The removal of the N-benzyl group by catalytic reduction seems to have been used 
only (a) by the I.G.Farbenind. (compare B.P. 318,488, 1929, and others), where no details 
of the conditions or catalyst are recorded, and (b) by Baltzly and Buck (J. Amer. Chem. Soc., 
1940, 62, 164) (compare, however, Bergmann and Zervas, Ber., 1932, 65, 1192, footnote). 

The results of the tests on bird malaria due to Plasmodium relictum (= Pl. precox) 
in canaries, of the carbinolamines described in this communication are shown in the 
following table. 


v 
8 
5 


a 
in mg. per 20 g. of of parasites 
y weight. in blood. Remarks. 


g 


Substance. - 
Dimethylaminomethyl-l-naphthylcarbinol 


* 


Piperidinomethyl-1-naphthylcarbinol 


Piperidinomethyl-7-methoxy-1-naphthyl- 
carbinol 


Diethylaminomethyl-4-quinolylcarbinol 

Piperidinomethyl-4-quinolylcarbinol 

4’ ; 4”-Piperidylpiperidinomethyl-4-quinolyl- 
carbinol ~ 

Diethylaminomethy1-6-methoxy-4-quinolyl- 
carbinol 


Dibutylaminomethy]l-6-methoxy-4-quinolyl- 
carbinol 
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Diamylaminomethyl-6-methoxy-4-quinolyl- 
carbinol 

Diisoamylaminomethyl-6-methoxy-4-quinolyl- 
carbinol 


mm bo DO OI Or 
SCSOaad 


Dihexylaminomethy1-6-methoxy-4-quinolyl- 
carbinol 


Diheptylaminomethy1-6-methoxy-4-quinolyl- 
carbinol 

Piperidinomethyl-6-methoxy-4-quinolyl- 
carbinol 


4’ : 4”-Piperidylpiperidinomethyl-6-methoxy- 
4-quinolylcarbinol 
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Quinine 
Control birds 
* This means a dose of 2-5 mg. was given daily for 6 days, the first dose being administered 4 hours 
after inoculation with malaria. 
+t M.T.D. = maximum tolerated dose. 
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A perusal of this table shows that no naphthyl, methoxynaphthyl, or quinolyl deriv- 
ative had any noticeable activity. However, in the methoxyquinolyl series there was a 
zone of activity, the three bases dibutyl-, diamyl-, and dihexyl-aminomethyl-6-methoxy- 
4-quinolylcarbinols (IV) all being active, whereas the lower and the higher homologues 
were inactive. It is of interest that the dibutyl compound, for instance, differs in its 
molecular formula from dihydroquinine by having four extra hydrogen atoms. 


EXPERIMENTAL. 
a-Naphthoic Acid Derivatives. 


a-Naphthoyldiazomethane.—Naphthoyl chloride (4-4 g.) in ether (25 c.c.) was run slowly 
into a cold solution of diazomethane in ether (from 10 g. of nitrosamethylurea). After being 
kept for 12 hours at room temperature, the ether was removed in a vacuum without heating, 
and the residue triturated with light petroleum. The pale yellow, crystalline product (3-5 g.), 
m. p. 56°, was sparingly soluble in petrol and readily soluble in benzene. A second crop of 
less pure material (0-9 g.) was obtained on concentrating the petroleum mother-liquor (Found : 
C, 73-6; H, 4:3; N, 14:3. C,,H,ON, requires C, 73-5; H, 4-6; N, 14:3%).* 

a-Naphthacyl Chloride.—Naphthoyldiazomethane (3-5 g.) was dissolved in ether, and dry 
hydrogen chloride passed into the solution until no more nitrogen was evolved; the ether was 
evaporated, and the oily product purified by distillation; yield, 94%. 

Piperidinomethyl-1-naphthylcarbinol_—Naphthacyl chloride (5-15 g.), dissolved in ether 
(10 c.c.), was run slowly at room temperature into a solution of piperidine (4-6 g.) in ether 
(10 c.c.). Addition took about 10 minutes and the temperature rose to about 35°. After 
being kept for 1 hour, the precipitated piperidine hydrochloride (2-8 g.) was collected, and 
the filtrate evaporated in a vacuum at room temperature. No attempt was made to isolate 
the keto-amine, which was immediately dissolved in methyl alcoho], made acid to Congo by 
3n-hydrochloric acid, and reduced catalytically with palladised charcoal as catalyst. Absorp- 
tion ceased when 380 c.c. of hydrogen had been absorbed. The catalyst was removed, and 
the filtrate concentrated to a small volume; the desired hydroxy-amine hydrochloride (3-05 g.), 
sparingly soluble in water, then crystallised. A further crop (0-65 g.) was obtained from the 
mother-liquor. Crystallised from methyl alcohol, the pure product melted at 270° (Found: 
C, 70-4; H, 6-8; N, 4:8. C,,H,,ON,HCl requires C, 70-0; H, 7-0; N, 4-8%). 

Dimethylaminomethyl-1-naphthylcarbinol_—_The method was the same as in the preceding 
experiment. Naphthacyl chloride (2-3 g.) condensed with dimethylamine (8 c.c. 33% solution) 
gave 2-1 g. of oily hydroxy-amine after reduction. The base gave a crystalline picrate 
sparingly soluble in methyl alcohol, m. p. 178—180° (Found: C, 54:0; H, 4-7; N, 13-1. 
C,,H,,ON,C,H,O,N, requires C, 54-1; H, 4:5; N, 12-6%). 

Diethylaminomethyl-1-naphthylcarbinol.—Naphthacyl chloride was condensed with diethyl- 
amine in ether. After reduction the hydroxy-amine was crystallised from alcohol as the 
picrate, m. p. 136°; yield, 60% (Found: C, 56-4; H, 4-9; N, 12-0. C,,H,,ON,C,H,O,N,; 
requires C, 55-9; H, 5-1; N, 11-9%). 

Diethanolaminomethyl-1-naphthylcarbinol.—Naphthacyl chloride and diethanolamine were 
condensed in methyl alcohol and after catalytic reduction the desired product was isolated by 
prolonged fractional crystallisation of the picrate, m. p. 127—128°, from benzene and from 
methyl alcohol; yield, 20% (Found: C, 52-3; H, 4-7; N, 10-7. C,,H,,0,;N,C,H,O,N,; 
requires C, 52-3; H, 4-8; N, 11-1%). 

Dipropylaminomethyl-1-naphthylcarbinol_—This was isolated with difficulty as the picrate 
in 25% yield, m. p. 149—150°, from methyl alcohol (Found: C, 57-8; H, 5-7; N, 11-2. 
C,,H,,ON,C,H,O,N, requires C, 57-6; H, 5-6; N, 11-2%). 

1-Cyanonaphthalene-7-sulphonic Acid.—1-Aminonaphthalene-7-sulphonic acid (23 g.) was 
diazotised as described by Royle and Schedler (J., 1923, 123, 1643). The diazonium chloride 
so obtained was made into a thick paste with water and added slowly to a solution of cuprous 
cyanide, prepared by adding potassium cyanide (29 g. in 80 c.c. of water) to copper sulphate 
(27 g. in 100 c.c. of water), the temperature being maintained at 60—70° throughout. Addition 
took 4 hour. The temperature was kept at 60° for a further } hour, sodium chloride (60 g.) 
then added, and the mixture kept in the ice-chest overnight. The cyanonaphthalenesulphonic 
acid was collected and purified by solution in hydrochloric acid, filtration, and reprecipitation 
by addition of potassium chloride (90 g.); yield, 78%. 


* All analyses are micro, 
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7-Sulpho-1\-naphthoic Acid.—The cyano-sulphonic acid was hydrolysed as described by 
Royle and Schedler (/oc. cit.). The yield was almost quantitative. The product melted at 335°. 

1-Hydvoxy-\-naphthoic Acid.—The sulphonic acid was fused with potassium hydroxide as 
described by Royle and Schedler (Joc. cit.); yield, 80%. 

7-Methoxy-1-naphthoic A cid.—7-Hydroxy-1-naphthoic acid (36 g.) was dissolved in aqueous 
sodium hydroxide (7-6 g. in 80 c.c. of water) and heated to 90° in a flask fitted with a stirrer 
and two dropping-funnels, one containing methyl sulphate (48 g.) and the other sodium hydroxide 
(22-7 g. in 120 c.c. of water). About 20 c.c. of sodium hydroxide were run in first and then 
sodium hydroxide and methyl sulphate simultaneously so that both were added in about 
45 minutes. The solution was maintained at 90° for a further 15 minutes, cooled, washed 
with .ether, and made acid by addition of concentrated hydrochloric acid. The white 
precipitate was collected and recrystallised from alcohol. The first crop melted at 165—167° 
(26-5 g.) and the second at 180—220°. The second crop was partially methylated and was 
used again in subsequent preparations. Dziewonski, Galitzerowna, and Kocwa (Bull. Acad. 
Polonaise, 1926, A, 209) give m. p. 167-5°. 

Ethyl 7-Methoxy-1-naphthoate-—Methoxynaphthoic acid was esterified by refluxing with 
alcohol and concentrated sulphuric acid for 5 hours; b. p. 157—160°/0-9 mm. 

7-Methoxy-1-naphthoyl Chloride.—Methoxynaphthoic acid (62-0 g.) was treated with phos- 
phorus pentachloride (64-0 g.) in benzene, the phosphorus oxychloride and the benzene 
distilled off, and the white solid residue distilled at 150°/0-9 mm.; m. p. 74—76°, yield 95%. 

7-Methoxy-1-naphthacyl Bromide.—The method of preparation was the same as that used 
for naphthacyl chloride. The acid chloride (18-0 g.) was treated with excess of diazomethane, 
and dry hydrogen bromide passed into the solution. The product was purified with difficulty 
by distillation, as at the pressure used there was appreciable decomposition; b. p. 165— 
170°/1 mm., yield 20-4 g. (Found: C, 55-7; H, 4-0. C,,;H,,0,Br requires C, 55-9; H, 3-9%). 

7-Methoxy-1-naphthacyl chloride was prepared similarly and had b. p. 155—160°/1 mm. 

Piperidinomethyl-7-methoxy-1-naphthylcarbinol.—Methoxynaphthacyl bromide (3-0 g.) in 
ether was added to piperidine (1-93 g.) in ether (15c.c.). After 1 hour the solution was warmed 
at 35° for 10 minutes, and the piperidine hydrobromide (1-6 g.) collected. The oil left on remov- 
ing the ether was reduced at once in methyl alcohol—hydrochloric acid solution with a palladised 
charcoal catalyst, the consumption of hydrogen being 250 c.c. The basic fraction of the 


condensation (2-7 g.) was crystallised from methyl alcohol—acetone as the hydrochloride, 
m. p. 226—227° (Found: C, 67-4; H, 7-0. C,,H,,;0,N,HCl requires C, 67:2; H, 7-4%). 


Cinchoninic Acid Derivatives. 


4-Quinolyl Diazomethyl Ketone.—Cinchoninic acid chloride (4 g.), prepared by Spath’s method 
(Ber., 1926, 59, 1484), in dry ether (30 c.c.) was added slowly to a solution of diazomethane 
(from 10 g. of nitrosomethylurea) in ether (50 c.c.).. After 24 hours, the ether was removed 
by a current of dry air, and the residue triturated with dry ether containing 10% of its volume 
of benzene. The solid was crystallised from ether; yield 2-5 g., m. p. 80—81°. One more 
crystallisation gave the pure 4-quinolyl diazomethyl ketone, m. p. 83—84° (Found: C, 67-3; 
H, 3-9; N, 21-3. C,,H,ON, requires C, 67-0; H, 3-6; N, 21-3%). 

4-Quinolyl Chloromethyl Ketone.—The foregoing diazomethyl ketone (2-5 g.) was dissolved 
in ether (50 c.c.), and dry hydrogen chloride passed into the vigorously stirred solution. When 
nitrogen ceased to be evolved, the ethereal solution was washed with aqueous sodium carbonate, 
dried, and evaporated. The yellow solid was crystallised from benzene; yield 1-25 g., m. p. 
101° (Found: C, 64-4; H, 4-0; Cl, 17-5. C,,H,ONCI requires C, 64-2; H, 3-9; Cl, 17-2%). 

Ethyl 4-Quinoloylacetate—The following method was found superior to that given by Rabe 
and Pasternack (Ber., 1913, 46, 1033). To a mixture of ethyl cinchoninate (40-2 g.) and ethyl 
acetate (20-0 g.), both dried over phosphoric oxide, sodamide (10 g.), powdered under benzene 
(60 c.c.), was added, and the mixture heated on the water-bath under reflux for 13 hours. 
The product was poured into water, and a solid (2-0 g.), which proved to be cinchoninic acid 
amide, removed. The filtrate was diluted with ether, and unchanged ethyl cinchoninate 
(5-5 g.) recovered from the ether—benzene solution. The alkaline aqueous solution was cooled 
in ice, made acid to Congo-paper and then treated with sodium bicarbonate until no more oil 
separated. The oil was collected and purified by precipitation of the acid sulphate from 25% 
sulphuric acid solution; yield 29—32 g. of base. 

4-Quinolyl Bromomethyl Ketone.—This ketone was prepared from the preceding ester as 
described by Rabe, Pasternack, and Kindler (Ber., 1917, 50, 152). The hydrobromide melted 
at 225—227° (decomp.), the base at 75-5°. 
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Piperidinomethyl-4-quinolylcarbinol.—The following general method for the preparation 
of these basic carbinols was found more convenient than that described by Rabe et al. (loc. 
cit.). Powdered quinolyl bromomethyl ketone hydrobromide (2-5 g.) was added in portions 
during 10 minutes to a solution of piperidine (2-0 g.) in dry ether (15 c.c.), the mixture being 
shaken after each addition. After keeping for 1 hour at room temperature, the piperidine 
hydrobromide was collected, and the ether quickly removed without heating in a vacuum. 
The residue was dissolved in methyl alcohol (50 c.c.) and 3n-hydrochloric acid (25 c.c.) and 
reduced catalytically with palladised charcoal (0-25 g.). When hydrogen absorption (210 c.c.) 
was complete, the catalyst was collected, the methyl alcohol removed, and the aqueous liquor 
made alkaline. The ether-soluble oil which separated was purified through the dipicrate, 
m. p. 168° (decomp.). Rabe et al. gave m. p. 172—174° (decomp.) (Found: C, 47-4; H, 4-1; 
N, 14-4. Calc.: C, 47-1; H, 3-7; N, 14:3%). The hydrochloride had m. p. 160°. The 
yield in this instance was almost quantitative. 

Diethylaminomethyl-4-quinolylcarbinol_—Powdered quinolyl bromomethyl ketone hydro- 
bromide (5-9 g.), condensed with diethylamine (4-2 g.) in ether in the same way as is described 
above, gave diethylamine hydrobromide (4-5 g.) and a crystalline base, which was reduced 
catalytically (500 c.c. of hydrogen). The required product was isolated as the dipicrate (4-7 g.), 
m. p. 168° (Found: C, 46-5; H, 3-7. C,;H,ON,,2C,H,O,N, requires C, 46-1; H, 3-7%). 
The hydrochloride, crystallised from alcohol, had m. p. 182°. 

Dipropylaminomethyl-4-quinolylcarbinol.—The powdered bromo-ketone hydrobromide (6-2 g.) 
was added slowly to dipropylamine (5-3 g.) in ether (10 c.c.) and shaken vigorously after each 
addition. The temperature was maintained at 40° for 90 minutes, and the dipropylamine 
hydrobromide (5-4 g.) collected. The oil left on removal of the ether was reduced catalytically 
(460 c.c. of hydrogen) in methyl alcohol—hydrochloric acid solution. The required carbinol 
was crystallised from ethyl alcohol—acetone as the dipicrate, m. p. 153° (Found: C, 47-7; 
H, 4-3; N, 14-8. C,,H,,ON,,2C,H,O,N, requires C, 47:7; H, 4-1; N, 15-3%). 

Diamylaminomethyl-4-quinolylcarbinol.—In this case the powdered bromo-ketone hydro- 
bromide (5-0 g.) was added to diamylamine (7-43 g.) in acetone (10 c.c.). After being shaken 
for 1 hour at room temperature, the mixture was warmed at 50° for another hour, then cooled 
and diluted with dry ether, and the diamylamine hydrobromide (6-0 g.) collected. The solvent 
was removed at the ordinary temperature, and the residual oil dissolved in methyl alcohol- 
hydrochloric acid and reduced catalytically (340 c.c. of hydrogen). The required base was 
isolated with difficulty as the dipicrate, m. p. 142°, after repeated crystallisation from methyl 
alcohol—acetone; yield, 1-1 g. (Found: C, 50-0; H, 5-0; N, 14-7. C,,H;,ON,,2C,H,O,N, 
requires C, 50-4; H, 4-9; N, 14:3%). 

N-Benzoyl-4 : 4'-dipiperidyl—The monobenzoylation of dipiperidyl is a difficult process, 
but it can be effected by applying the method of Moore, Boyle, and Thorn (J., 1929, 39). After 
numerous trials the following method gave the best results. 4: 4'-Dipiperidyl (22 g.) was dis- 
solved in water (140 c.c.) and neutralised to bromphenol-blue with 3n-hydrochloric acid, a 
volume of acetone equal to the total volume of water present being then added. The solution 
was kept mechanically stirred at 50°, and benzoyl chloride (25 g.) run in drop by drop. The 
tu of the solution was simultaneously adjusted to 3-8, i.e., reddish-purple, bromphenol-blue 
being used as internal indicator, by running in saturated aqueous sodium acetate solution. 
When the addition of benzoyl chloride was complete, the acetone was removed by distillation 
under reduced pressure, and concentrated hydrochloric acid added. The mixture of benzoic 
acid and dibenzoyl-4 : 4'-dipiperidyl was taken up in the chloroform which had been used to 
extract the acidic filtrate. The chloroform solution was extracted with aqueous alkali to 
remove benzoic acid and then concentrated to 30 c.c. and mixed with an equal volume of 
ether; dibenzoyl-4 : 4’-dipiperidyl (16-5 g.) crystallised, m. p. 167° (Found: C, 76-4; H, 7:4. 
Cy,H,,0,N, requires C, 76-6; H, 7-5%). 

The acidic aqueous mother-liquor was treated with aqueous potassium hydroxide so long 
as any oil separated, rise of temperature being avoided. The oil was taken up in chloroform, 
the mother-liquor being thoroughly extracted with more chloroform. On removal of the 
chloroform the residual oil was triturated with ether; the monobenzoate then went into solu- 
tion, leaving 4 : 4’-dipiperidyl undissolved (5-4 g.). The monobenzoate (15-5 g.) was purified 
by crystallisation from acetone—methy] alcohol as the hydrobromide, m. p. 233°, or from methyl 
alcohol as the perchlorate, m. p. 268° (Found: C, 55-0; H, 65; N, 7-9. C,,H,ON,,HCIO, 
requires C, 54:7; H, 6-7; N, 7-5%). ; 

4’ : 4"-Piperidylpiperidinomethyl-4-quinolylcarbinol.—Powdered 4-quinolyl - bromomethyl 
ketone (3-65 g.) was added slowly with shaking to monobenzoyl-4 : 4’-dipiperidyl (9-5 g.) in 
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acetone (20 c.c.), and the mixture kept for 2 hours. The monobenzoyldipiperidyl hydrobromide 
was collected, and the acetone removed. The residual oil was reduced in methyl alcohol— 
hydrochloric acid solution palladised charcoal being used as catalyst (240 c.c. of hydrogen), 
After removal of the catalyst and solvent, the free base (2-9 g.) was extracted from alkaline 
solution and hydrolysed by heating with constant-boiling hydrochloric acid for 48 hours on 
the boiling water-bath. The solution was made alkaline, and the base extracted with a large 
volume of ether, since it was sparingly soluble in this solvent. The yellow oil obtained on 
removal of the ether gave a crystalline trihydrochloride (2-1 g.), m. p. above 300° (decomp.), 
from alcoholic solution, and a crystalline iripicrate, m. p. 195° (Found: C, 45-9; H, 3-7; 
N, 15-5. C,,H,,ON;,3C,H,O,N, requires C, 45-6; H, 3-7; N, 16-3%). 


Quininic Acid Derivatives. 


6-Methoxy-4-quinolyl Bromomethyl Ketone.—Ethyl quininate (21-7 g.) and ethyl acetate 
(9-0 g.) were condensed in the presence of sodamide (5-0 g.) as described'in the corresponding 
preparation from ethyl cinchoninate. The resulting 6-keto-ester (14-7 g.) was converted into 
the bromo-ketone named above by the method of Rabe, Pasternack, and Kindler (Joc. cit.). 

Piperidinomethyl-6-methoxy-4-quinolylcarbinol.—The method of preparation was the same 
as is described above for the compound without the methoxy-group. The carbinol base was 
isolated in almost quantitative yield (Rabe et al. give a 75% yield). The hydrochloride was 
crystallised from alcohol—acetone; m. p. 164° (Found : C, 62-9; H, 7-4; N,9-0. C,,H,,O,N,,HCl 
requires C, 63-2; H, 7-2; N, 8-7%). 

Diethylaminomethyl-6-methoxy-4-quinolylcarbinol.—Prepared in. the same way as the com- 
pound without the methoxy-group, this carbinol was isolated as the dihydrochloride, m. p. 182— 
183°; yield, 48% (Found: C, 55-7; H, 7-4; N, 8-3. C,H,,O,N,,2HCI requires C, 55-3; 
H, 6-9; N, 8-1%). 

Dibutylaminomethyl-6-methoxy-4-quinolylcarbinol_—The condensation of the bromo-ketone 
hydrobromide (5-5 g.) with dibutylamine (6-0 g.) was carried out in the same way as is described 
above for diamylaminomethyl-4-quinolylcarbinol. The resultant oily keto-base (3-64 g.) 
required 460 c.c. of hydrogen for reduction to the carbinol. The required product was isolated 
with difficulty as the crystalline dihydrochloride, m. p. 142°, from methyl alcohol—acetone 
and gave a dipicrate, m. p. 169°, from ethyl alcohol-acetone (Found: C, 49-2; H, 4-6. 
CygHg0,N,,2C,H,O,N, requires C, 48-8; H, 4-6%). 

When the reaction was carried out with ditsobutylamine, diisobutylamine hydrobromide 
separated as usual. The residual base was catalytically reduced. All attempts to isolate the 
diisobutylaminomethoxyquinolylcarbinol were unsuccessful. The only product which could 
be isolated crystalline gave analytical figures agreeing with methyl-6-methoxy-4-quinolylcarbinol 
hydrochloride, m. p. 217° (from ethyl alcohol) (Found: C, 59-9; H, 5-9. C,,H,,0,N,HCl 
requires C, 60-1; H, 5-8%). 

Diamylaminomethyl-6-methoxy-4-quinolylcarbinol—The bromo-ketone hydrobromide (5-0 g.), 
condensed with diamylamine (6-7 g.), gave diamylamine hydrobromide (6-3 g.) and an oil 
requiring 300 c.c. of hydrogen for reduction. The required base was difficult to isolate, but 
was eventually obtained in the most strongly basic fraction when the bases were fractionated 
by the method of differing basicities (King, J., 1919, 117, 991; 1935, 1381; 1936, 1276; 1939, 
1157). It was crystallised as the dipicrate (0-9 g.), m. p. 155°, from methyl alcohol (Found : 
C, 49-9; H, 5-0; N, 13-8. C,,H,,O,N,,2C,H,O,N, requires C, 50-0; H, 4-9; N, 137%). 

Diisoamylaminomethyl-6-methoxy-4-quinolylcarbinol—The bromo-ketone hydrobromide 
(5-5 g.), condensed with diisoamylamine (7-06 g.), gave diisoamylamine hydrobromide (6-8 g.) 
and an oil which required 380 c.c. of hydrogen on reduction. The required base was isolated 
as the dipicrate, m. p. 156°, from methyl alcohol, after separation into fractions of different 
basicities (Found : C, 49-7; H, 4-8; N, 13°7.. C,sH,,O,N,,2C,H,O,N, requires C, 50-0; H, 4-9; 
N, 13-7%). 

Di-n-hexylbenzylamine.—Technical hexyl alcohol contains unsaturated substances. These 
were conveniently removed from the hexyl bromide prepared by the hydrobromic—sulphuric 
acid method (Organic Syntheses, Coll. Vol., I, 26) by shaking with small quantities of sulphuric 
acid until the extracts were practically colourless. Molecular quantities of benzylamine 
(21-4 g.), hexyl bromide (66 g.), and potassium hydroxide pellets (26-4 g.) were refluxed at 
150° for 8 hours. The oil obtained on dilution with water was fractionally distilled at 14 mm, 
and gave (1) 9-3 g., b. p. to 100°, (2) 14-2 g., b. p. 140—170°, and (3) 33-0 g., b. p. 170—186°. 
On careful. refractionation 7-4 g., b. p. 146—148°/14 mm., of n-hexylbenzylamine (Found : 
C, 81-3; H, 11-0; N, 7-5. C,3H,,N requires C, 81-6; H, 11-1; N, 7-3%), and 29-7 g. of di-n- 
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hexylbenzylamine, b. p. 185°/14 mm. (Found: C, 83-1; H, 11-9; N, 5-2. C,,H;,;N requires 
C, 82-8; H, 12-1; N, 5-1%), were obtained. The latter does not form a hydrochloride, but 
n-hexylbenzylamine hydrochloride crystallises from acetone in woolly needles, m. p. 217—218° 
(Found: C, 68-4; H, 9-2; N, 6-0. C,,H,,N,HCl requires C, 68-5; H, 9-7; N, 6-1%). 

Di-n-hexylamine.—Di-n-hexylbenzylamine (27-0 g.) in glacial acetic acid (30 c.c.) was 
reduced at 70° in presence of 0-4 g. of freshly prepared platinum oxide for 6 hours. The filtered 
solution was made strongly alkaline and extracted with ether, and the ethereal solution dried 
over potassium hydroxide pellets. The residue left on removal of the ether was fractionated 
under reduced pressure, a first fraction containing toluene being removed up to a temperature 
of 110°/14 mm., followed by an almost quantitative yield of di-n-hexylamine, b. p. 122°/15 mm. 
(Found by Kjeldahl: N, 7-4. Calc.: N, 7-6%). If the drying with potash was omitted, a 
hydrated base was obtained, b. p. 114—116°/14 mm., which almost completely crystallised 
on keeping and corresponded to a tetrahydrate (Found by Kjeldahl: N, 5-5. C,,H,,N,4H,O 
requires N, 5-2%). The hydrochloride, prepared from either form of the base by solution in a 
little alcohol and addition of concentrated hydrochloric acid, crystallised from acetone in 
pearly scales, m. p. 270° (Found: C, 65-3; H, 12-4; N, 6-3. C,,H,,N,HCl requires C, 65-0; 
H, 12-7; N, 6-3%). 

Di-n-hexylaminomethyl-6-methoxy-4-quinolylcarbinol_—The reaction between dihexylamine 
(3-0 g.) and the bromo-ketone hydrobromide (1-8 g.) was carried out in the usual way, but it 
was necessary to heat to 60° to complete the reaction. Dihexylamine hydrobromide (2-2 g.) 
was recovered and the basic condensation product was reduced, with Adams’s catalyst, in ethyl 
alcohol after neutralisation with hydrochloric acid, the hydrogen consumption being 160 c.c. 
The basic carbinol (1-2 g.) was purified by fractional crystallisation as the dipicrate, m. p. 173°, 
from ethyl alcohol (Found: C, 51-2; H, 5:2; N, 13-3. C,,H;,0,N,,2C,H,O,N, requires 
C, 51-5; H, 5-5; N, 13-2%). 

Di-n-heptylbenzylamine.—n-Heptyl bromide (16-3 g.; 1 mol.), benzylamine (5-0 g.; 1 mol.), 
and potassium hydroxide pellets (6-15 g.; 1 mol.) were mixed and heated in an oil-bath. There 
was a vigorous reaction at 150°; this temperature was maintained for 8 hours. When cold, 
the product was diluted with water, and the oily layer separated and fractionated. The first 
fraction distilled between 160° and 180°/14 mm. but mainly at 167°; yield, 2-6 g. This proved 
to be heptylbenzylamine.. It was converted in aqueous alcoholic solution into the hydro- 
chloride, which crystallised in woolly needles, m. p. 196° (Found: C, 69-1; H, 9-5; N, 6-1. 
C,,H,;N,HCI requires C, 69-5; H, 10-1; N, 5-8%). The second main fraction, di-n-heptyl- 
benzylamine (9-35 g.), boiled at 205°/16 mm. and showed the same b. p. on redistillation before 
analysis (Found: C, 83-1; H, 12-3; N, 4-6. C,,H,,N requires C, 83-2; H, 12-0; N, 47%). 

Di-n-heptylamine.—Diheptylbenzylamine (6-0 g.) in glacial acetic acid (10 c.c.) was cata- 
lytically reduced in presence of platinum (Adams’s catalyst) at 70° approx. Reduction was 
complete in 6 hours. The filtered solution was made alkaline and extracted with ether, and 
the ethereal layer dried over potassium hydroxide. The residue after removal of the ether 
was fractionally distilled, the first fraction up to 120°/15 mm. containing some toluene. The 
main fraction, di-n-heptylamine, boiled between 120° and 150°/15 mm. and on redistillation 
had b. p. 147—148°/15 mm. The presence of water lowers the b. p. (Found by Kjeldahl : 
N, 6-4. Calc.: N, 66%). This anhydrous form has m. p. 1°, but readily becomes hydrated 
and then has m. p. 32—33° (Found by Kjeldahl: N, 5-1. C,,H;,N,3H,O requires N, 5-2%). 
When the hydrated form is kept in a desiccator over calcium chloride, it liquefies, but the 
crystalline trihydrate is instantly formed on treatment with water. Sabatier and Mailhe 
(Ann. Chim. Phys., 1909, 16, 70) and Skita and Keil (Ber., 1928, 61, 1452), however, give 
m. p. 30° for the anhydrous base. Sabatier and Mailhe describe the hydrochloride as hygro- 
scopic, but this is incorrect, as was also shown by Skita and Keil. The hydrochloride crystallises 
in woolly needles, m. p. 255°; Skita and Keil give 250° (Found: C, 67-1; H, 12-2; N, 5:8. 
Calc. : C, 67-3; H, 12-9; N, 5-6%). 

Di-n-heptylaminomethyl-6-methoxy-4-quinolylcarbinol—The condensation of diheptylamine 
(128 g.) and the bromo-ketone hydrobromide (7-0 g.) was carried out as in the preceding 
experiment. Diheptylamine hydrobromide (11-0 g.) was recovered and during catalytic 
hydrogenation 610 c.c. of hydrogen were consumed. The acid-soluble portion of the product 
was fractionated by the method of differing basicities. From the most basic fraction, methy]l- 
6-methoxy-4-quinolylcarbinol, m. p. 118°, was isolated (Found : C, 70-8; H, 6-2; N, 6-6. Calc. : 
C, 70-9; H, 6-5; N, 69%). Kaufmann, Kunkler, and Peyer (Ber., 1913, 46, 57) give m. p. 
120—121°, The picrate had m. p. 183° and the hydrochloride 217°. From a slightly less basic 
fraction, di-n-heptylaminomethyl-6-methoxy-4-quinolylcarbinol (0-75 g.) was isolated as the 
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dipicrate, m. p. 130°, from ethyl alcohol (Found : C, 52-1; H, 5-4; N, 13-1. C,y,H,,O,N,,2C,H,O,N, 
requires C, 52:3; H, 5-6; N, 12-8%). 

4': 4" - Piperidylpiperidinomethyl - 6 - methoxy - 4 - quinolylcarbinol._—Monobenzoyldipiperidy] 
(10-4 g.) and the appropriate bromo-ketone hydrobromide (4-4 g.) combined to give an oily 
base (6-0 g.) requiring 370 c.c. of hydrogen for reduction. After hydrolysis with concentrated 
hydrochloric acid, the benzoic acid was removed, the solution made alkaline, and the required 
base extracted with ether. The product crystallised from aqueous acetone as the hydrated 
trihydrochloride, which was difficult to purify and decomposed above 300° without melting 
(Found : C, 50-1; H, 7-5; N, 8-3. C,,H,,O,N;,3HC1,2H,O requires C, 51-3; H, 7-4; N, 8-1%. 
Found for salt dried at 100°: C, 54-3; H, 7-3. C,,H;,0,N;,3HCl requires C, 55-1; H, 6-5%). 
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Prof. D. Keilin, F.R.S., at the Molteno Institute, Cambridge, for the biological results recorded 
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thalene-7-sulphonic acid, and to Robinson Bros., Ltd., of West Bromwich for gifts of isomeric 
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249. Antiplasmodial Action and Chemical Constitution. Part IV. 
The Synthesis of some Complex Carbinolamines and Polyamines. 


By Tuomas S. Work. 


It has already been shown (King and Work, preceding paper) that antimalarial 
activity is not completely dependent on the nature of the “ quinuclidine half” of 
compounds related to quinine. A wide variety of carbinolamines and polyamines 
without a quinoline nucleus have now been prepared in an attempt to assess the 
importance of the “ quinoline half.’”” None of the compounds prepared showed any 
antiplasmodial activity when tested on Plasmodium relictum in canaries. These results 
bring out the importance of the quinoline nucleus. 


In Part III (loc. cit.) it was shown that compounds of the type (I) possessed weak anti- 
plasmodial properties when R = R’ = butyl, amyl, or hexyl. Magidson and Rubtzow 
(J. Gen. Chem., U.S.S.R., 1937, 17, 1896) have also shown that weak antiplasmodial 
activity was shown by substances of the type (II). It is perhaps significant that bases 
CH(OH)-CH,'NRR’ NH-(CH,],,"NEt, 
M : 
(I.) M 0 (II.) 


N 


showing antiplasmodial action, such as the cinchona alkaloids, the synthetic drugs plas- 
mochin, atebrin, and numerous allied bases (Fourneau, Aun. Inst. Pasteur, 1933, 50, 731; 
Magidson, Arch. Pharm., 1934, 272, 74), and substances such as (I) and (II), all have 
molecular weights between 300 and 400 and that structural specificity is not great, provided 
the molecular weight is above a certain limiting value. The aim of the present investi- 
gation was, therefore, to see whether the methoxyquinoline portion of the molecule of 
substances of types (I) and (II) could be replaced by other aromatic nuclei or by aliphatic 
chains of sufficient length to bring the molecular weight of the final base within the optimal 
zone. 

With this aim in view 4-diphenylylpiperidinomethylcarbinol (III) was prepared by 
condensation of p-phenylphenacyl bromide with piperidine, followed by catalytic reduction 


(IIr.) € ><_ CH (OH) CHyNC,Hyp [ CoHyN-CHyCH(OH)Y >]. (Iv.) 


of the resulting ketone. The doubly substituted 4 : 4’-bis(8-piperidino-a-hydroxyethyl)- 
diphenyl (IV) was obtained similarly from 4 ; 4’-bis-w-chloroacetyldiphenyl. The inter- 
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mediate substance, diphenyl-4 : 4’-dicarboxylic acid, had a high melting point and was 
extremely sparingly soluble, so that to prepare its di-acid chloride it was necessary to 
use phosphorus pentachloride in molten diphenyl. The bis-w-chloroacetyldiphenyl was 
then obtained from it through the bis-diazo-ketone. In this way also the corresponding 
dichloro-ketones were prepared from sebacic acid and from decanedicarboxylic acid. Both 
of these dichloro-ketones condensed readily with piperidine and with diethylamine, but 
the conversion of the resultant keto-amines into the corresponding carbinols could only 
be accomplished by prolonged reduction, a large excess of fresh platinum oxide beipg used. 
In this way 1 : 12-dipiperidino- and 1 : 12-bisdiethylamino-2 : 11-dihydroxydodecane (V) 
were obtained. Reduction by aluminium amalgam in neutral solution led to fission of 
the amino-ketone at the C—-N linkage without reduction of the keto-group. The Ponndorf 
method also was impracticable. These results seem to suggest that «-keto-amines are 
more readily reduced to carbinols when the ketone group is conjugated with an aromatic 
system. The difficulty was avoided in the case of the tetradecane derivatives by the 
preparation of the ditertiary carbinol, 1 : 14-dipiperidino-2 : 13-dihydroxy-2 : 13-dipropyl- 
tetradecane (V1) by the action of propylmagnesium iodide. 

Et Et H, aH, 
Et>N’CH,CH(OH)-[CH,],°CH(OH)-CHyN< p+ CH, N-CH, ‘4 (cH » po CH,NC;H,, 


(V.) * wt) 

As no antiplasmodial activity was shown by any of these carbinols based on the 
type (I), attention was directed to the preparation of substances based on (II). Benzidine 
di-p-toluenesulphonate was successfully condensed in the presence of two molecular 
proportions of sodium hydroxide with y-diethylaminopropyl chloride and with 1-chloro- 
5-benzamidopentane. On removal of the toluenesulphonate radicals, NN’-bis-(y-diethyl- 
aminopropyl)benzidine and NN’-bis-(5’’-aminoamyl)benzidine (VII) were obtained. 


NH,(CH,]eNH{ >—C_NH‘(CH,] NH, (vir) 
BENCH ENC CH CH >CH- CHC CHD [CHJyN<Et (vin) 


Benzidine is a weak base of comparable strength with the aminoquinolines. As no 
antiplasmodial activity was found in these basic derivatives, attention was directed to 
the two very strong bases 4 : 4’-dipiperidyl and 2 : 4’-dipiperidyl, which are now available 
commercially. Each of these condensed readily with ®-diethylaminoethyl chloride to 
give 1: 1'-bis-(g-diethylaminoethyl)-4 : 4’-dipiperidyl (VIII) and 1: 1’-bis-(8-diethyl- 
aminoethyl)-2 : 4’-dipiperidyl respectively. In a similar way tetrahydroquinoline was 
condensed with y-diethylaminopropyl chloride to give 1~y-diethylaminopropyltetrahydro- 
quinoline. Finally, two aliphatic polyamines somewhat analogous to the naturally 
occurring base, spermine (Dudley, Biochem. J., 1926, 20, 1082), wete prepared. 1 : 6-Di- 
aminohexane and 1 : 10-diaminodecane were converted into their di-p-toluenesulphonyl 
derivatives, and these were alkylated with y-diethylaminopropyl chloride. On removal 
of the toluenesulphonyl groups 1 : 6-bis-(y-diethylaminopropylamino)hexane and 1 : 10- 
bis(y-diethylaminopropylamino)decane (IX) were isolated. For comparison with these a 
base of somewhat simpler structure, 1: 10-bistssoamylaminodecane (X) was prepared. 


(X.) NEt,[CH,],"NH-[CH,],9"NH*[CH,],NEt,  C,H,,NH-(CH,],o‘NH‘C,H,, (*) 


As none of the basic substances of moderately high molecular weight described in this 
communication have exhibited antiplasmodial activity, it must be concluded that the 
quinoline nucleus of the cinchona alkaloids and of synthetic antimalarials is a potent 
factor in the production of antiplasmodial activity. The recent surprising results of 
Fulton (Ann. Trop. Med. Parasit., 1940, 34, 53) on the antiplasmodial activity of such a 
simple base as 1-diethylamino-4-aminopentane are contrary to this conclusion, but 
attempts to confirm his results have been unsuccessful. 
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EXPERIMENTAL. 

4-Diphenylylpiperidinomethylcarbinol (III).—p-Phenylphenacyl bromide (4:0 g.) (Drake 
and Bronitsky, J. Amer. Chem. Soc., 1930, 52, 3716), dissolved in acetone, was added slowly 
with shaking to piperidine (2-5 g.) and after 1 hour the product was diluted with ether, and 
the precipitated piperidine hydrobromide collected. The filtrate was evaporated in a vacuum 
at room temperature, and the free base crystallised from ether; m. p. 86°. The picraie, 
crystallised from methanol-acetone, had m. p. 188° (Found: C, 59-5; H, 48; N, 11-4. 
C,,H,,ON,C,H,O,N, requires C, 59-1; H, 4-7; N, 110%). The yield was almost quanti- 
tative. The free base was dissolved in ethanol, made just acid to Congo by addition of con- 
centrated hydrochloric acid, and reduced, Adams’s catalyst being used. Complete reduction 
was troublesome and the final product still contained some amino-ketone, which was removed 
most conveniently by recrystallisation of the free base from methanol. The pure hydroxy- 
amine melted at 120° and gave a methiodide, m. p. 205° (Found : C, 56-7; H, 6-3. C,sH,,ON,CH,I 
requires C, 56-4; H, 6-1%). The hydrochloride melted at 243° (decomp.). 

Diphenyl-4 : 4'-dicarboxylic Acid.—Benzidine (37 g.) was dissolved in concentrated hydro- 
chloric acid (100 c.c.), and ice (400 g.) added. Sodium nitrite (about 90 c.c. of 30%) was 
added slowly until some free nitrous acid was present; the diazonium chloride solution was 
then neutralised by addition of saturated aqueous sodium carbonate. This mixture was 
added slowly with stirring to a solution of cuprous cyanide at 90° (from 171-6 g. of potassium 
cyanide and 159-8 g. of copper sulphate in 1060 c.c. of water). After cooling and standing 
overnight, the solid product was collected, dried, and extracted with alcohol (Soxhlet). The 
alcohol-soluble material (2-7 g.), m. p. 230—233°, was diphenyldinitrile and the alcohol-insoluble 
material (32-7 g.) appeared to be a copper complex, which was decomposed by warming on 
the water-bath for 4 hour with excess of concentrated hydrochloric acid. The acid was diluted, 
and the solid material filtered off, washed free from acid, and extracted with acetone (Soxhlet). 
The acetone-soluble extract crystallised readily, m. p. 230—233°, and was identical with the 
previous crop of diphenyldinitrile; total yield, 45%. The dinitrile (10-0 g.) was mixed with 
70% sulphuric acid (90 c.c.) and refluxed for 45 minutes. The product when cold was poured 
into water, and the diphenyldicarboxylic acid filtered off, washed, and dried. The yield was 


- 95%, and the product was sufficiently pure for conversion into the acid chloride. 


Diphenyl-4 : 4'-dicarboxylic Acid Chloride.—Diphenyldicarboxylic acid (12-5 g.) was pow- 
dered, mixed with diphenyl (50 g.), heated under a reflux condenser to 150°, and powdered 
phosphorus pentachloride (21 g.) added slowly. After removal of the phosphorus oxy- 
chloride the diphenyl di-acid chloride, which was soluble in hot diphenyl, was purified by 
distilling off most of the diphenyl in a vacuum and pouring the residue into hot benzene. The 
acid chloride crystallised in long white needles sparingly soluble in cold benzene, m. p. 184° 
(yield, 80%). Purification was also attempted by distillation in a high vacuum, but resulted 
in considerable decomposition. Attempts to use thionyl chloride in place of phosphorus 
pentachloride were unsuccessful. 

4: 4'-Di-w-chloroacetyldiphenyl.—Dipheny] di-acid chloride (8-0 g.) in solution in warm 
benzene (300 c.c.) was added slowly to a solution of diazomethane (from 20 g. of nitrosomethylurea) 
in ether. When the vigorous reaction had ceased, the precipitated diazo-ketone, m. p. 165° 
(decomp.), was collected and used immediately for the next stage without further purification. 
The diazo-ketone was suspended in benzene (250 c.c.), warmed to 40°, and a rapid stream 
of dry hydrogen chloride passed into the solution until no more nitrogen was evolved. The 
pale yellow, crystalline product was filtered off and recrystallised from dioxan; m. p. 226—227°, 
yield 5-2 g. (Found: C, 62-6; H, 3-9. C,,H,,0,Cl, requires C, 62-5; H, 3-9%). 

4: 4'-Bis-(B-piperidino-a-hydroxyethyl)diphenyl (IV).—The dichloro-ketone (4-0 g.) from 
the previous preparation was finely powdered, suspended in chloroform (25 c.c.), heated to 
the b. p., and added all at once to a hot solution of piperidine (4-55 g.) in chloroform (265 c.c.). 
After heating in a water-bath at 50° for $ hour, the chloroform was concentrated to 25 c.c., 
and ether (100 c.c.) added. The precipitated piperidine hydrochloride (2-8 g.) was removed, 
the filtrate evaporated in a vacuum, and the solid residue recrystallised from ethanol; m. p. 
140° (Found: C, 77-0; H, 7-7. C,H ,0,N, requires C, 77-2; H, 7-°9%). The amino-ketone 
was dissolved in ethanol, made just acid to Congo by addition of hydrochloric acid, and reduced, 
Adams’s catalyst being used (630 c.c. of hydrogen). 4: 4'-Bis-(8-piperidino-«-hydroxyethyl)- 
diphenyl dihydrochloride, sparingly soluble in hot absolute alcohol, was readily isolated from 
the solution after removal of the catalyst and from it was obtained the free base (3-7 g.), m. p. 
158° after recrystallisation from methanol (Found: C, 76-4; H, 8-5. Cy .H,,O,N, requires 
C, 76-5; H, 8-8%). 
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1 : 12-Dichloro-2 : 11-diketododecane.—Sebacic acid (20 g.) was converted into the acid 
chloride by treatment with phosphorus pentachloride (2 mols.), and the acid chloride purified 
by distillation, b. p. 140—143°/2 mm. The yield was almost quantitative. The acid chloride 
was dissolved in dry ether and run slowly into an ethereal solution of excess of diazomethane 
(from 50 g. of nitrosomethylurea), and the mixture kept overnight. The ether and diazo- 
methane were removed by gentle warming in a vacuum and the diazo-ketone, which crystallised, 
was collected, m. p. 91° after recrystallisation from benzene; it was sparingly soluble in ether. 
Yield, 19-3 g. (Found: N, 22-4. C,,H,,O,N, requires N, 22-7%). The diazo-ketone was 
dissolved in the minimum quantity of benzene, and dry hydrogen chloride passed in rapidly 
until no more nitrogen was evolved. The white crystalline product, sparingly soluble in cold 
benzene, melted at 92° after recrystallisation; yield, 19-5 g. (Found: C, 53-9; H, 7-5; Cl, 27-0. 
C4,H,0,Cl, requires C, 53-9; H, 7-5; N, 26-6%). 

1 : 12-Dipiperidino-2 : 11-dihydroxydodecane.—To a solution of piperidine (2-55 g.) in acetone 
(10 c.c.) was added, slowly, powdered dichlorodiketododecane (2-0 g.). The mixture was kept 
for 1 hour at 35°, then diluted with ether, and the precipitated piperidine hydrochloride (1-7 g.) 
collected. The filtrate was evaporated in a vacuum, and the low-melting solid residue dis- 
solved immediately in ethanol, made just acid to Congo with hydrochloric acid, and reduced, 
Adams’s platinum catalyst being used. Reduction was troublesome and could not be com- 
pleted. The desired amino-alcohol was isolated by fractional crystallisation from light 
petroleum, in which it was much less soluble than the amino-ketone. The amino-alcohol 
melted at 78° and gave a dipicrate, m. p. 152° (Found: C, 49-6; H, 58; N, 13-4. 
C,.H,,O,N,,2C,H,O,N, requires C, 49-4; H, 6-0; N, 13-5%). The recovered unreduced 
ketone melted at 43°. 

1 : 12-Diethylamino-2 : 11-dihydroxydodecane.—The method of condensation of the chloro- 
ketone (2-0 g.) and diethylamine was as in the previous experiment. Reduction with Adams’s 
catalyst was again troublesome. In order to separate the ketone from the alcohol the product 
of the reduction was treated with Girard’s “‘ reagent P”’ and separated into water-soluble and 
ether-soluble fractions. From the ether-soluble fraction an oil was obtained (1-1 g.) giving a 
crystalline dipicrate, m. p. 121°, from alcohol (Found: N, 14-0. C,.H,,O,N,,2C,H,O,N, 
requires N, 13-9%). 

1 : 14-Dichloro-2 : 13-diketotetradecane.—The method was the same as that used in the 
preparation of dichlorodiketododecane. n-Decanedicarboxylic acid was converted into the 
acid chloride and treated with diazomethane. The diazo-ketone after crystallisation from 
benzene melted at 96° (Found: C, 60-5; H, 7:9. C,H,,O,N, requires C, 60-4; H, 7-9%). 
The diazo-ketone, treated with hydrochloric acid, gave the chloro-ketone, m. p. 97° (Found: 
C, 57-2; H, 8-4. C,,H,,0,Cl, requires C, 56-9; H, 8-2%). The yield was 17-0 g. from 20-0 g. 
of decanedicarboxylic acid. 

1 : 14-Dipiperidino-2 : 13-diketotetradecane.—The chloro-ketone (2-9 g.), condensed with 
piperidine (3-2 g.) in the same way as in the case of the lower homologue, gave crystalline 
dipiperidinodiketotetradecane (2-9 g.), but reduction of this compound could not be carried 
out satisfactorily either with Adams’s catalyst or with palladised charcoal. An attempt was 
made to carry out the reduction with neutral aluminium amalgam. The base (m. p. 48°) was 
exactly neutralised with hydrochloric acid and kept for 3 hours in aqueous solution over a 
large excess of aluminium amalgam which had been prepared by treating clean aluminium 
turnings with a saturated ethereal solution of mercuric chloride for a few seconds and then 
washing thoroughly with ether (cf. Weitz, Konig, and Wistinghausen, Ber., 1924, 57, 167). 
The residual aluminium amalgam was removed and washed with alcohol and ether, and the 
filtrate and washings acidified slightly and extracted with ether. The extract gave a white 
solid, which was crystallised from light petroleum; m. p. 75° (yield, 150 mg.) (Found : C, 73-9; 
H, 11:5. C,,H,,O, requires C, 74-3; H, 115%). The compound gave a precipitate with 2 : 4- 
dinitrophenylhydrazine and was apparently 2: 13-diketotetradecane. The aqueous fraction 
was made alkaline and extracted with ether. From the ether a base (160 mg.) was obtained 
from which no crystalline derivative could be prepared. 

1 : 14-Dipiperidino-2 : 13-dihydroxy-2 : 13-dipropyltetradecane (V1I).—Dipiperidinodiketo- 
tetradecane (2-7 g.) in ether (25 c.c.), prepared as described above, was added slowly to a Grig- 
nard reagent, prepared from magnesium (0-33 g.) and propyl bromide (1-7 g.) in ether (25 c.c.), 
with vigorous stirring. After 4 hour, cold 3n-hydrochloric acid was added and the resulting 
solution, after being washed with ether, was made alkaline with ammonia and extracted with 


ether. The extract gave 2-6 g. of a colourless oil. This product could not be purified as a 
crystalline derivative and was therefore distilled, b. p. 230—240°/0-3 mm. The substance 
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was not dehydrated by this process and analysis showed that it was mainly the desired 
dicarbinol (Found : C, 74-5; H, 12-4; N, 6-4. C3g9H,ggO,N, requires C, 75-3; H, 12-1; N, 5-9%). 
No crystalline derivative was obtained. 

Benzidine Di-p-toluenesulphonate.—The preparation was carried out as described by Will- 
statter and Kalb (Ber., 1904, 37, 3772), but the method of purification of the crude amide 
was modified. The crude product from the Schotten—Baumann reaction was dried and extracted 
continuously with alcohol (Soxhlet) until the m. p. of the material dissolving in the alcohol 
was about 140°. The solid remaining in the thimble was crystallised from acetone (charcoal) ; 
m. p. 241—243°, yield 70%. 

NN'-Bis-(y-diethylaminopropyl)benzidine.—Benzidine ditoluenesulphonate (6-56 g.), y-di- 
ethylaminopropyl chloride (4-0 g.), sodium hydroxide (1-06 g.), and 75% alcohol (200 c.c.) 
were heated in a sealed bottle for 24 hours in a boiling water-bath. The solvent was removed 
from the product, which was then shaken with water, and the water decanted and evaporated 
(1-34 g. of sodium chloride). The water-insoluble gum was heated in a sealed tube for 4 hours 
at 180° with glacial acetic acid (10 c.c.) and concentrated hydrochloric acid (25 c.c.). The 
product was evaporated to dryness, dissolved in water, filtered from insoluble residue, made 
alkaline, and extracted repeatedly with benzene. The benzene-soluble oil distilled at 230— 
250°/0-9 mm. The distillate (2-2 g.) gave a crystalline tetrahydrobromide, m. p. 260° (decomp.), 
from methanol (Found: C, 42-3; H, 6-4; N, 7-8. C,H, N,,4HBr requires C, 42-6; H, 6-1; 
N, 7-7%). 

NN'-Bis-(5''-aminoamyl)benzidine (V11).—Benzidine ditoluenesulphonate (6-56 g.), sodium 
hydroxide (1-06 g.), 1-chloro-5-benzamidopentane (Ainley and King, Proc. Roy. Soc., 1938, 
125, 68), and 50% aqueous acetone (50 c.c.) were mixed thoroughly and heated in a sealed 
tube at 150—160° for 3 hours. When cold the aqueous acetone was decanted from the heavy 
oily product, which was washed with water. NN’-Bis-(5’’-benzamidoamyl)benzidine di-p-toluene- 
sulphonate crystallised on trituration with acetone and on recrystallisation from the same 
solvent had m. p. 192°; yield, 6-5 g. (Found: C, 68-8; H, 6-0. C, .H,,O,N,S, requires C, 69-1; 
H, 6-0%). This product (4-25 g.) was suspended in glacial acetic acid (25 c.c.), and hydrogen 
chloride passed into the mixture until the solid dissolved. The solution was heated with 
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_ concentrated hydrochloric acid (10 c.c.) in a Carius tube at 180—190° for 3} hours. The 


liquid was evaporated to dryness, the residue dissolved in water, and benzoic acid (0-86 g.) 
extracted with ether. The aqueous layer was filtered and evaporated todryness. The resultant 
yellow gum crystallised when triturated with absolute alcohol, and was recrystallised from 
methanol; m. p. 270° (decomp.), yield 1-8 g. The tetrahydrochloride was hygroscopic (Found : 
C, 52-4; H, 6-8; N, 11-3. C,,H,,N,,4HCI requires C, 52-8; H, 7-4; N, 11-2%). 

1: 1'-Bis-(B-diethylaminoethyl)4 : 4'-dipiperidyl (VIII).—Dipiperidyl (4:2 g.), ®-diethyl- 
aminoethyl chloride (6-8 g.), and alcohol (25 c.c.) were heated in a sealed tube at 100° for 18 
hours. The alcohol was removed, and the product dissolved in water, made alkaline, and 
extracted with chloroform. The oil remaining on evaporation of the extract was distilled at 
0-3 mm. and the portion boiling between 200° and 230° (3-04 g.) was further fractionated by 
the method of differing basicities (King, J., 1919, 117, 991). The three main portions (2-12 g.) 
were identical and gave a tetrapicrate very sparingly soluble in acetone, m. p. 250° (decomp.) 
(Found: C, 43-5; H, 4-7. C,,H,.N,,4C,H,O,N, requires C, 43-1; H, 4:5%). 

1 : 1'-Bis-(8-diethylaminoethyl)-2 : 4'-dipiperidyl—A mixture of 2: 4'-dipiperidyl (4-2 g.), 
§-diethylaminoethyl chloride, and alcohol (25 c.c.) was treated as described above (14 hours’ 
heating). The oil obtained from the chloroform extract gave on distillation two fractions, 
b. p. 150—160°/0-5 mm., and 200—210°/0-5 mm. The latter, b. p. 205—210°/0-5 mm. on 
redistillation, gave a crystalline tetrapicrate (3-5 g.) moderately easily soluble in acetone, m. p. 170° 
(Found : C, 43-2; H, 4-5; N, 17-3. C,3Hy.N,,4C,gH,O,N; requires C, 43-1; H, 4-5; N, 17-6%). 

1-y-Diethylaminopropyltetrahydroquinoline. —Tetrahydroquinoline (8-0 g.) and +y-diethyl- 
aminopropy] chloride (4-0 g.) were heated together at 100° without solvent for 10 hours, aqueous 
alkali added, and the base extracted with ether. The oil obtained gave a main fraction, b. p. 
190—192°/11-0 mm., 192°/10-0 mm. on redistillation (yield, 6-2 g.), which gave a crystalline 
dipicrate from ethanol, m. p. 147° (Found: C, 47-9; H, 4-5; N, 16-4. C,,H,,N,,2C,H,O,N, 
requires C, 47-9; H, 4:2; N, 16-0%). 

1 : 6-Bis-p-toluenesulphonylaminohexane.—1 : 6-Diaminohexane (4-0 g.) was added to 
p-toluenesulphony] chloride (13-5 g.) previously covered with a little water, and aqueous sodium 
hydroxide (3-0 g. in 15c.c.) added, The mixture was heated on the water-bath for 1 hour and 
then cooled rapidly and shaken vigorously. The white solid was recrystallised from alcohol; 
m. p. 152°, yield 13-9 g. (Found: C, 56-7; H, 6-7. CygH,,0,N,S, requires C, 56-6; H, 6-7%). 
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1 : 6 - Bis - (y - diethylaminopropylamino)hexane.—1 : 6 - Bis-p-toluenesulphonylaminohexane 
(13-0 g.) was dissolved in alcohol (200 c.c. of 70%) containing sodium hydroxide (2-45 g.; 
2 mols.), and to this was added y-diethylaminopropy] chloride (9-17 g.; 2 mols.). The mixture 
was heated in a sealed bottle at 100° for 16 hours, then evaporated to dryness, the residue 
dissolved in absolute alcohol, and the precipitated sodium chloride (2-55 g.) filtered off. On 
evaporation of the alcohol a colourless syrup was obtained, which was heated with glacial 
acetic acid (20 c.c.) and concentrated hydrochloride acid (4-5 c.c.) in a sealed tube at 180° 
for 2 hours. After cooling, the toluene formed was removed, and the acid solution evaporated. 
The brown gum was dissolved in water (20 c.c.), made alkaline with 50% potassium hydroxide 
solution, and shaken with ether. Three layers formed, the bottom one being aqueous alkali. 
This was run off, and water added to the two remaining layers in sufficient quantity to dis- 
solve the oily layer; the aqueous and the ethereal layer were then worked up separately. 
The latter gave an uncrystallisable oil (3-5 g.). The aqueous solution was extracted con- 
tinuously with chloroform for 12 hours, and the chloroform dried and evaporated, giving 
4-7 g. of a base, which on fractional distillation at 0-5 mm. gave 0-4 g. up to 135°, 2-7 g. at 
135—140°, and 1-0 g. at 160—220°. The middle fraction gave a hygroscopic crystalline hydro- 
bromide, m. p. 64°, which was purified with difficulty by crystallisation from alcohol—acetone 
(Found: C, 34-1; H, 7-8; N, 8-6. C,. H,,.N,,4HBr requires C, 35-8; H, 7-6; N, 84%). 

1 : 10-Bis-p-toluenesulphonylaminodecane.—Sebaconitrile was reduced by sodium and 
alcohol to 1: 10-diaminodecane in 85% yield (Phookan and Krafft, Ber., 1892, 25, 2253). 
The diaminodecane (11-2 g.) was treated with p-toluenesulphony] chloride (24-1 g.) and sodium 
hydroxide (5-1 g.) as described for the preparation of the lower homologue, and the product 
crystallised from alcohol; m. p. 129°, yield 28-2 g. (Found: C, 60-3; H, 7-6. C,,H;,0,N,S, 
requires C, 60-0; H, 7-5%). 

1: 10-Bis-(y-diethylaminopropylamino)decane (IX).—1 : 10-Bis-p-toluenesulphonylaminode- 
cane (6-24 g.), y-diethylaminopropyl chloride (3-9 g.), sodium hydroxide (1-05 g.), and 70% 
alcohol (100 c.c.) were heated in a sealed bottle for 16 hours. The product was evaporated 
to dryness, the residue dissolved in absolute alcohol, the sodium chloride (1-4 g.) removed, 
and the filtrate evaporated to a clear gum. This was heated with glacial acetic acid (10 c.c.) 
and concentrated hydrochloric acid (25 c.c.) in a sealed tube at 180—190° for 4 hours. The 
product was evaporated to dryness, and the residue dissolved in water, made strongly alkaline 
with sodium hydroxide, cooled in ice, and extracted rapidly several times with ethyl acetate. 
The ethyl acetate was evaporated, and the residue dissolved in benzene and filtered while 
hot. The filtrate was evaporated to a brown oil, which was distilled at 1-5 mm. and separated 
into two fractions, b. p. up to 150° and b. p. 178—184°. The former (0-67 g.) was recovered 
diaminodecane; the higher-boiling fraction, after redistillation, gave a very hygroscopic hydro- 
bromide, m. p. 142—143° (crude), which could not be readily purified. The free base was 
preferred for analysis (Found : C, 73-0; H, 13-7; N, 13-7. C,,H,,N, requires C, 72-7; H, 13-7; 
N, 140%). 

1 : 10-Bisisoamylaminodecane (X).—1: 10-Bis-p-toluenesulphonylaminodecane (6-24 g.), 
isoamyl bromide (4-0 g.), sodium hydroxide (1-05 g.), and 70% alcohol (100 c.c.) were heated 
together as in the previous experiment, and sodium bromide (2-2 g.) removed from the product. 
Hydrolysis of the alcohol-soluble gum was carried out as in the previous experiment and the 
product, which was tarry, was poured into hot water; the liquid was boiled for several minutes 
and filtered hot. The white crystalline precipitate which formed on cooling was 1 : 10-bis- 
isoamylaminodecane dihydrochloride (1-5 g.), m. p. 318° (Found: C, 62-3; H, 11-1. CygH,.N,,2HCl 
requires C, 62:3; H, 12-0%). From the aqueous mother-liquor, 1-1 g. of diaminodecane 
hydrochloride were recovered. 

y-Diethylaminopropyl Chloride—The method of Magidson (Arch. Pharm., 1933, 271, 569) 
was successfully employed, but the yields in the first stages were not as good as reported, 
being only about 50% in the condensation of diethylamine and trimethylene chloroacetate 
with hydrolysis to diethylaminopropanol. The b. p. of y-diethylaminopropyl chloride was 
found to be 75—76°/29 mm. and not 85°/28 mm. as recorded by Magidson. 


I desire to express my thanks to Miss Ann Bishop, D.Sc., working in the laboratory of 
Prof. D. Keilin, F.R.S., at the Molteno Institute, Cambridge, for carrying out the biological 
tests. I am also indebted to Mr. N. Schunmann for technical assistance. 
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1: 2:3: 4-Tetrahydronaphthalene-2 : 3-dicarboxylic Acid and _ the 
1-Phenyl Derivative. 


By Rosert D. HawortH and FRANK H. SLINGER. 


1: 2:3: 4-Tetrahydronaphthalene-2 : 3-dicarboxylic acid, best prepared by the 
reduction of naphthalene-2 : 3-dicarboxylic acid, has been obtained in cis- and trans- 
forms, and the constitutions have been determined by the resolution of the trans-acid. 
Boiling acetic anhydride converts the trans- into the cis-anhydride, and sodium ethoxide 
transforms the cis- into the trans-methyl ester. The cis- and the trans-form of the 
lactone (II) have also been prepared. 

1-Phenyl-1 : 2 : 3 : 4-tetrahydronaphthalene-2 : 3-dicarboxylic acid (III; R =H) 
has been separated into a number of stereoisomeric forms. Three acids and anhydrides, 
and four dimethyl esters have been isolated in a pure condition, and an examination 
of the stabilities of the anhydrides and esters towards acetic anhydride and sodium 
ethoxide respectively, combined with an assumption based upon the instability of 
cis-cinnamic acid, has been used in the allocation of configurations to the stereoisomeric 
modifications. The three anhydrides have been converted into three isomeric benzo- 
tetrahydrofluorenonecarboxylic acids (IV; R = CO,H), which in accordance with the 
suggested configurations yield two benzotetrahydrofluorenones (IV; R =H) on 
decarboxylation. 


DurinG this series of investigations numerous problems have arisen concerning the stereo- 
chemical configuration of trisubstituted tetrahydronaphthalene derivatives. For instance, 
in Part XVI (J., 1939, 1237) it was observed that reduction of a number of 1-phenyl- 
naphthalene-2 : 3-dicarboxylic acids yielded a mixture of stereoisomeric modifications of 
the corresponding tetralin derivatives, and evidence was obtained of frequent optical 


inversions during subsequent reactions with these compounds. In order to throw light 


on these and similar problems, information concerning the relative stability of less complex 
but related molecular structures was desirable, and an examination was first made of the 
cis- and the ¢rans-form of 1 : 2 : 3 : 4-tetrahydronaphthalene-2 : 3-dicarboxylic acid (I). 

In the course of their classical experiments on cyclic compounds, Perkin and Baeyer 
(Ber., 1884, 17, 1448; J., 1888, 53, 12) prepared one form of the acid (I) from o-xylylene 
dibromide and ethyl ethanetetracarboxylate. This work has been confirmed; an acid, 
m. p. 196°, was obtained in small yields, which gave an anhydride, m. p. 185°, on pyrolysis. 
No indications of the production of a stereoisomeric modification were obtained and 
attempts to resolve the acid were unsuccessful, but the paucity of our material precluded 
extensive investigation and reliable conclusions. 

A supply of naphthalene-2 : 3-dicarboxylic anhydride, which was kindly placed at our 
disposal by Dr. Wilson Baker, provided a new and more convenient route to the tetrahydro- 
acid (I). Reduction of naphthalene-2 : 3-dicarboxylic acid with sodium amalgam in hot 
alkaline solution yielded a mixture, m. p. 185—190°, of stereoisomeric forms of the tetra- 
hydro-acid (I), which could not be separated by fractional crystallisation. When this 
mixture was refluxed with acetyl chloride, an anhydride, m. p. 225—226°, separated from 
the hot solvent, and a stereoisomeric anhydride, m. p. 183°, identical with the anhydride 
prepared by Perkin and Baeyer (loc. cit.), was recovered from the solution. The tetrahydro- 
acid (I) obtained by hydrolysis of the lower-melting anhydride melted at 195° and was 
identical with the acid obtained by Perkin and Baeyer, and our failure to resolve the larger 
quantities of acid, obtainable by the new method, indicated that the acid, m. p. 105°, was 
the cis-modification. This conclusion was established by hydrolysis of the anhydride, 
m. p. 225—226°, to the érans-acid (I), m. p. 226—227°, which was readily resolved by 
means of strychnine. The acid strychnine salts were separated by fractional crystallisation, 
and decomposition yielded the d- and the l-form of the trans-acid (I), m. p. 182—183°, 
with [a]p + 85-5° and — 85-0° respectively in chloroform solution. The configurations 
of the two forms of the acid (I) have also been confirmed by measurements of the dissoci- 
ation constants, which were made by Dr. J. C. Speakman and will be fully reported later. 
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Experiments on the relative stabilities of the stereoisomerides were then undertaken. 
The ¢vans-anhydride, m. p. 225—226°, was renee converted into the cis-form, m. p. 


CH, 


CH, 
4 \CH-CO,H COX / \NCH-COR 
//CH-COH 3 fe cH, \_/CHCOR 
CH, CHPh 
(I.) . ) (III.) 


185°, by boiling with acetic anhydride for 15 minutes, and the cis-anhydride was obtained 
exclusively by dehydrating the mixture of tetrahydro-acids (I), m. p. 185—190°, with acetic 
anhydride. Esterification of the cis- and the trans-acid, either by means of the Fischer- 
Speier or the silver salt method, yielded the corresponding methyl esters, m. p. 68° and 45° 
respectively, and it has been shown that the cis-ester is converted into the ¢vans-modification 
by the action of sodium ethoxide. The relative stabilities of the anhydrides and esters are 
consistent with stereochemical theory and are in agreement with similar observations in the 
hexahydrophthalic acid series (Baeyer, Annalen, 1890, 257, 213; Hiickel and Goth, Ber., 
1925, 58, 447). 

Reduction of the cis- and the ¢rans-anhydride with aluminium amalgam yielded the 
corresponding Jactones (II), m. p. 133—134° and 156° respectively. Alkaline hydrolysis of 
these lactones yielded solutions of the corresponding hydroxy-acids, from which the original 
lactones were recovered upon acidification. These observations contrast markedly with 
previous experience with d-isomatairesinol dimethyl ether (J., 1938, 797), which undergoes 
rapid optical inversion under similar alkaline conditions. 

The experiments were then extended to the case of 1-phenyl-1 : 2 : 3: 4-tetrahydro- 
naphthalene-2 : 3-dicarboxylic acid (III; R =H). This acid, readily obtained by reduc- 
tion of 1-phenylnaphthalene-2 : 3-dicarboxylic acid with sodium amalgam (Michael and 
Bucher, Amer. Chem. ]., 1898, 20, 89; Stobbe, Ber., 1907, 40, 3372), may exist in four 
racemic modifications. It was recently shown (J., 1939, 1239) that the crude reduction 
product, m. p. 170—180°, yielded on crystallisation an acid (III; R = H), m. p. 209° (now 
raised to 218°; p. 1325), identical with that described by earlier workers, and evidence of 
isomeric forms was obtained. These have now been subjected to a more extensive 
investigation. The crude acid, m. p. 170—180°, was converted by acetyl chloride into a 
mixture of anhydrides, from which anhydride A, m. p. 241°, anhydride B, m. p. 155°, and 
in smaller quantity anhydride C, m. p. 171°, were isolated by fractional crystallisation. 
Cautious hydrolysis gave the corresponding acids, A, m. p. 237°, B, m. p. 219°, identical 
with the purified acid obtained from the crude reduction product (III; R =H), and C, 
m. p. 163°. Each acid reverted to its anhydride on treatment with acetyl chloride, and on 
treatment with diazomethane in methyl-alcoholic solution the acid or anhydride yielded the 
corresponding dimethyl ester (III; R = Me), A, m. p. 109°, B, m. p. 103°, and C, m. p. 114°. 

The stability of the acids and esters towards acetic anhydride and sodium ethoxide was 
examined. Anhydrides B and C were unaffected by acetic anhydride, but on boiling 
anhydride A was completely transformed into anhydride C, and it was concluded that 
anhydride A was one of the two possible trans(2 : 3)-anhydrides and B and C represented 
the two cis(2 : 3)-modifications. Under the influence of either sodium ethoxide or hydr- 
oxide the three methyl esters A, B, and C were converted into the trans(2 : 3)-acid A, and 
analogy with observations on acid (I) confirm the cis(2 : 3)-structure for acids B and C. 
The optical inversion of the cis(2 : 3)-methyl ester to acid A was unexpected ; the production 
of the fourth modification of acid (III; R =H) was expected. Evidence of the fourth 
form, viz., trans(2 : 3)-acid D, was obtained from two sources. First, the anhydride mother- 
liquors, from which anhydrides A, B, and C were separated, yielded a crude specimen, 
m. p. 193—199°, of trans(2 : 3)-anhydride D, which on methylation with diazomethane in 
methyl-alcoholic solution gave a mixture of the cis(2 : 3)-methyl ester B, and a new methyl 
ester, m. p. 126—127°, which is regarded as the trans(2 : 3)-ester D. Secondly, the same 
dimethyl ester D was also obtained as a result of an examination of the Fischer—Speier 
esterification of the stereoisomeric anhydrides of the acid (III; R =H); the trans(2: 3), 
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A, and cis(2 : 3), C, anhydrides gave the corresponding dimethyl esters, but the cis(2 : 3)- 
anhydride B yielded a mixture of the corresponding ester B and the érans(2 : 3)-ester D, 
m. p. 127°. Attempts to hydrolyse the trans(2: 3)-ester D to the corresponding acid 
resulted in the production of the ¢rans(2 : 3)-acid A, and the instability of the trans(2 : 3)- 
acid D is further illustrated by the observations that the crude anhydride D, m. p. 193— 
198°, was completely converted into the cis(2 : 3)-anhydride B by the action of acetic 
anhydride, and into the cis(2 : 3)-acid B by mild hydrolysis. The changes described above 
are summarised below. 


G) trans-Anhydride A, m. p. 241° a. ( ) cis-Anhydride C, m. p. 171° 


a 


NaOH |< NaOH | | AcCl or Ac,O 
—» trans-Acid A, m. p. 237° cis-Acid C, m. p. 163° 
tit | fs neg En 
trans-Ester A, m. p. 109° cis-Ester C, m. p. 114° 


(+) Crude trans-anhydride D, m. p. 193—199° nn. (+) cts-Anhydride B, m. p. 155° 


CH,N, NaOH | | AcCl or Ac,O 


NaOEt 


__—-tis-Acid B, m. p. 219° 


Vy tonal Aa 
4 
trans-Ester D, m. p. 127° cis-Ester B, m. p. 103° 
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* These configurations are based on considerations discussed below. The bottom and the top sign 
refer to the configurations of carbon atoms 1 and 3 respectively. 


The relative stabilities of the anhydrides and the esters towards acetic anhydride and 
sodium ethoxide respectively enable the configurations of carbon atoms 2 and 3 to be 
determined with some certainty, but the configuration of carbon atom 1 presents a more 
difficult problem. The instability of the trans(2:3)-ester D and its conversion into 
trans(2 : 3)-acid A has an important bearing on this problem. If the inversion of esters 
(III; R = Me) in the presence of sodium ethoxide involves the intermediate formation of 
an enolic modification, the positions taken up by the hydrions on subsequent ketonisation 
will be determined by two repulsive factors. First, the mutual repulsion of the two carbo- 
methoxy-groups will facilitate inversion of a cis(2 : 3)- into a ¢vans(2 : 3)-arrangement, and 
secondly the repulsion between phenyl and carbomethoxy-groups, illustrated by the 
greater stability and smaller dissociation constant of trans- compared with cis-cinnamic 
acid, will favour inversion of a cis(1 : 2)- into a t¢vans(1 : 2)-configuration. Consequently. 
the stable trans(2 : 3)-acid A may be given the trans(1 : 2)trans(2 : 3)-configuration, the 
cis(1 : 2)trans(2 : 3)-structure is assigned to the unstable acid D, and the cis-acids B and C 
are regarded as cis(1 : 2)cis(2: 3) and trans(1 : 2)cts(2: 3) respectively. The interconver- 
sions of the A-~C and B-D pairs involve inversion at the exposed asymmetric centre, and 
the inversion at the sterically hindered carbon atom 2, when esters B and D are converted 
into acid A, is ascribed to the repulsion between the phenyl and carbomethoxy-groups. 
As some trans-ester D is obtained by Fischer-Speier esterification of cis-anhydride B, the 
absence of trans-ester A during similar esterification of cis-anhydride is surprising, but we 
do not regard this as a serious objection to the suggested configurations. 

1-Phenylnaphthalene-2 : 3-dicarboxylic anhydride is converted by either concentrated 
sulphuric acid (Stobbe, Joc. cit., p. 3383) or aluminium chloride (Schaarschmidt, Ber., 1915, 
48, 1826) into the red 3 : 4-benzofluorenone-l-carboxylic acid. The anhydrides A, B, and C 
of acid (III; R = H) were all sulphonated by cold concentrated sulphuric acid, but with 
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aluminium chloride in nitrobenzene solution they were converted into three colourless 
stereoisomeric 3 : 4-benzo-1 : 2: 10 : 11-tetrahydrofluorenone-1-carboxylic acids (IV; R= 


CO,H), A [trans(10: 11)tvans(1:10)], m. p. 204°, B [cis(10: 11)cis(1: 10)], m. p. 220°, 
and C [trans(10 : 11)cis(1: 10)], m. p. 164°. On dehydrogenation with selenium all three 
acids yielded 3 : 4-benzofluorenone, m. p. 164°, and consequently the alternative tetralone 
structure (V; R =CO,H) may be excluded for the monocarboxylic acids A, B, and C. 
Decarboxylation of the acids (IV; R = CO,H) was effected by boiling with quinoline in 
the presence of copper powder. The two érans(10: 11)-monocarboxylic acids A and C 
yielded the same trans(10 : 11)-3 : 4-benzo-1 : 2 : 10 : 11-tetrahydrofluorenone (IV; R = H), 
m. p. 163°, and the cis(10: 11)-monocarboxylic acid B gave the isomeric cis(10: 11)- 
modification, m. p. 134°, of the ketone (IV; R =H). These decarboxylation experiments 
were made on a very small scale, and the results, indicating a surprising stability of the cis- 
and trans-forms of the ketone (IV; R =H), require confirmation, which will be sought 
when opportunities arise for a continuation of this work. 

The trans(2 : 3)-configuration has been established for several naturally occurring 
lignans, and the observed stability of the trans(1 : 2)trans(2 : 3)-acid (III; R = H) indicates 
that the 1-phenylnaphthalene representatives of the lignan family, including conidendrin, 
ssoolivil, and podophyllotoxin, possess this stable ¢vans(1 : 2)tvans(2 : 3)-structure. 


EXPERIMENTAL. 


Reduction of Naphthalene-2 : 3-dicarboxylic Acid.—Naphthalene-2 : 3-dicarboxylic anhydride 
(2 g.), m. p. 254°, was dissolved in 10% methyl-alcoholic sodium hydroxide (10 c.c.), diluted 
with hot water (200 c.c.), and 4% sodium amalgam (400 g.) added. After being stirred for 12 
hours on the water-bath in a stream of carbon dioxide, the solution was filtered and concen- 
trated under reduced pressure to approximately half bulk, and the product liberated by acidi- 
fication was collected and washed with cold water. After crystallisation from hot water the 
mixture of the cis- and the trans-form of the acid (I) was obtained in prisms (2 g.), m. p. 185— 
190° (Found : equiv., 109. C,,H,,O, requires equiv., 110). 

Separation of the cis- and the trans-Form of (I).—The mixture (5 g.) described above was 
refluxed with freshly distilled acetyl chloride (50 c.c.). The acids rapidly dissolved and the 
trans-anhydride, which gradually separated from the hot solution, was collected after 3 hours 
and recrystallised from acetyl chloride, forming hexagonal prisms (1-3 g.), m. p. 225—226° 
(Found: C, 70-9; H, 5-0. C,,H,,O, requires C, 71-3; H, 4-9%). The acetyl chloride filtrate 
was evaporated to dryness, and the residue crystallised from benzene, yielding the cis-anhydride 
in rectangular prisms (2-95 g.), m. p. 183° (Found: C, 71-3; H, 5-3%). This cis-anhydride was 
later obtained in a form which crystallised in hexagonal prisms, and either form could be obtained 
by inoculating a benzene solution of the anhydride with the appropriate crystal. 

Hydrolysis of the anhydrides was effected by suspending the finely powdered anhydride in a 
little boiling water and gradually adding 10% sodium hydroxide solution until a faint, per- 
manent, alkaline reaction to phenolphthalein was obtained; acidification of the cooled solution 
precipitated the acid. The cis-acid (I) separated from 20% methyl alcohol in large prisms, 
m. p. 194—195° (Found : C, 65-2; H, 5-3. C,,H,,0, requires C, 65-5; H, 5-5%), and gave an 
acid strychnine salt separating from methyi alcohol-chloroform in rhombic plates, which in 
chloroform solution (c, 1-00) gave [a]}” — 45°, unchanged by further crystallisation. The 
methyl ester of the cis-acid, prepared either by refluxing the acid with 3% methyl-alcoholic 
hydrogen chloride (5 parts) for 4-5 hours, or by boiling an ethereal suspension of the dried silver 
salt, precipitated by the addition of silver nitrate to a neutral solution of the ammonium salt, 
with excess of methyl iodide for 24 hours, separated from ligroin in slender prisms, m. p. 68— 
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68-5° (Found: C, 67-3; H, 6-4. C,,H,,O, requires C, 67-6; H, 65%), which yielded the cis- 
acid on hydrolysis with hot aqueous sodium hydroxide. The trans-acid (I) separated from 50% 
alcohol in large prismatic plates, m. p. 226—227° (Found: C, 65-0; H, 5-7%), and the methyl 
ester, prepared by either method described above in the case of the cis-ester, crystallised from 
ligroin in hexagonal prisms, m. p. 44-5—45° (Found : C, 67-8; H, 6-5%). The methyl ester of 
the cis-acid (0-5 g.) was refluxed for 3 hours with a solution of sodium (0-05 g.) in absolute 
alcohol (10 c.c.). The alcohol was removed, water added, and the product, isolated with ether, 
identified as the methyl ester of the trans-acid. 

Resolution of the trans-Form of Acid (I).—The trans-acid (0-75 g.), m. p. 226—227°, and 
strychnine (1-4 g.) were mixed in chloroform (20 c.c.), and the solution diluted with alcohol 
(70 c.c.) and concentrated until crystallisation commenced. The strychnine salt of the Lacid 
was collected and crystallised from alcohol—chloroform; slender needles (0-9 g.), m. p. 170—180° 
(Found: C, 69:3; H, 6-3. C,,H,,0,,C,,H,,0O,N,,H,O requires C, 69-2; H, 6-3%), were 
obtained, which were too sparingly soluble in cold solvents for the determination of ap value. 
The combined mother-liquors gave on concentration first a small amount of unchanged strychnine 
and then the strychnine salt of the d-acid, which separated from alcohol in stout prisms (1-15 g.), 
m. p. 195—240° (Found: C, 71-2; H, 6-9. C,,H,,0,,C,,H,,0O,N, requires C, 71-4; H, 6-1%). 
In alcohol (c, 2-00) it gave [a]}* + 36-5°. 

The strychnine salts, suspended or dissolved in chloroform, were decomposed by shaking 
with aqueous ammonia, and the acids liberated by acidification of the alkaline liquors. The d- 
and the l-acid separated from acetone—benzene in slender prisms, m. p. 182—183° (Found for 
the d-acid: C, 65-5; H, 5-0. Found for the -acid: C, 65-5; H, 5-5. C,,H,,O, requires C, 
65-5; H, 5-5%). An equimolecular mixture of the two melted at 215—220°. In chloroform 
solution (c, 1-00) they had [«]}®* + 85-5° and — 85-0° respectively. 

cis- and trans-Forms of the Lactone (II) of 2-Hydroxymethyl-1 : 2 : 3 : 4-tetrahydronaphthalene- 
3-carboxylic Acid.—Difficulty was experienced in the discovery of suitable solvents for the 
reduction of the anhydrides of the acid (I). Eventually a mixture of dioxan (20 parts), benzene 
(10 parts), and ether (10 parts) was employed in the case of the cis-anhydride, and dioxan 
(70 parts) was used for the tvans-anhydride. Water was gradually added during 48 hours to a 
mixture of the anhydride (0-5 g.) in a suitable solvent and aluminium amalgam (2-5 g.). The 
alumina sludge, containing most of the product, was removed and decomposed with dilute 
sulphuric acid and the residue taken up in chloroform. Configurational changes were not 
induced by this acid decomposition of the sludge, as identical products were obtained in slightly 
inferior yields by direct extraction of the alumina with chloroform or acetone. The solvent was 
removed from the extract, and the residual oil crystallised from methyl alcohol. The cis-lactone 
(II) separated in slender prisms (0-2 g.), m. p. 133—134° (Found: C, 76-6; H, 6-3. C,,H,,O, 
requires C, 76-5; H, 64%), and the trans-lactone (II) in slender prisms (0-15 g.), m. p. 156° 
(Found: C, 76-3; H, 59%). The cis- or the tvans-lactone was refluxed with 10% methyl- 
alcoholic potassium hydroxide (10 parts) for 15 minutes, water added, the alcohol removed, and 
the solution of the hydroxy-acid salt acidified and boiled for 5 minutes; the original lactones 
were recovered and no configurational alterations were observed. 

Anhydrides of 1-Phenyl-1 : 2: 3 : 4-tetrahydronaphthalene-2 : 3-dicarboxylic Acid (III; R= 
H).—The crude acid, m. p. 170—180°, prepared as described previously (J., 1939, 1239), yielded 
a homogeneous acid, m. p. 218—219° (decomp.) (Found : C, 73-1; H, 5-5. Calc. for C,,H,,0, : 
C, 73-0; H, 5-4%), after repeated crystallisation from acetone—benzene. 

The crude acid (4 g.), m. p. 170—180°, and freshly distilled acetyl chloride (50 c.c.) were 
allowed to react at room temperature for 24 hours. The insoluble material (0-8 g.) was collected 
and crystallised from hot acetyl chloride; trans(1 : 2)trans(2 : 3)-anhydride A was obtained in 
slender prisms, m. p. 240—241° (rapid heating) (Found: C, 77-2; H, 5-1. C,,H,,O, requires 
C, 77-7; H, 50%). The acetyl chloride was completely removed from the main filtrate, and 
the residue crystallised from a small amount of ether—light petroleum (b. p. 40—60°), which 
removed traces of oily impurities. The solid product was then subjected to systematic fractional 
crystallisation from ether—light petroleum (b. p. 40—60°); the cis(1 : 2)cis(2 : 3)-anhydride B 
(2 g.), colourless rhombs, m. p. 155—156° (from light petroleum, b. p. 60—80°), or hexagonal 
plates, m. p. 155—156° (from benzene) (Found: C, 77-9; H, 5-0%), the trans(1 : 2)cis(2 : 3)- 
anhydride C (0-05 g.), slender prisms, m. p. 171—172° (from benzene) (Found: C, 77:5; 
H, 49%), and crude cis(1 : 2)trans(2 : 3)-anhydride D, m. p. 193—199° (Found: C, 77-6; 
H, 5:1%), were isolated. 

The anhydrides were boiled for 3 hours with acetic anhydride (10 vols.), and the solvent 
removed under reduced pressure. Under these conditions cis(1 : 2)cés(2 : 3)-anhydride B and 
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trans(1 : 2)cis(2 : 3)-anhydride C were recovered unchanged, tvans(1 : 2)tvans(2 : 3)-anhydride 
A was converted into the tvans(1 : 2)cis(2:3)-form C, and the crude cis(1 : 2)tvans(2 : 3)- 
anhydride D was transformed into the cis(1 : 2)cis(2 : 3)-form B. 

The Dicarboxylic Acids (III; R = H).—These were obtained by adding sodium hydroxide 
solution gradually to a boiling aqueous suspension of the corresponding anhydride until the 
solution was faintly alkaline to phenolphthalein. The solution was cooled and acidified, and 
the acid collected and dried. The trans(1 : 2)trans(2:3)-acid A separated from aqueous 
alcohol in small prisms, m. p. 236—237° (Found: C, 73-3; H, 5-5. C,,H,,O, requires C, 
73-0; H, 5:4%). The cis(1 : 2)cis(2 : 3)-acid B crystallised from acetone—benzene in small 
prisms, m. p. 218—219° (Found: C, 72-9; H, 5-4%), identical with the acid obtained by 
repeated crystallisation of the crude acid, m. p. 170—180°, prepared by reduction of 1-phenyl- 
naphthalene-2 : 3-dicarboxylic acid. The trans(1 : 2)cis(2 : 3)-acid C was obtained in prismatic 
plates, m. p. 162—163° from ether-—light petroleum (b. p. 40—60°) (Found: C, 73-3; H, 57%). 

The Dimethyl Esters (111; R = Me).—(a) Esterification with diazomethane. The acid (III; 
R = H) (0-1 g.) in methyl alcohol (2 c.c.) was treated with diazomethane (0-07 g.) in ether 
(30 c.c.). After 3 hours the solution was washed with sodium bicarbonate solution and dried, 
the solvent removed, and the esters, obtained in quantitative yields, crystallised from ether-—light 
petroleum (b. p. 60—80°). The trans(1 : 2)trans(2 : 3)-estey A, slender prisms, m. p. 108—109° 
(Found: C, 73-9; H, 6-2. C, 9H,.O, requires C, 74:0; H, 6-2%), cis(1 : 2)cis(2.: 3)-ester B, flat 
monoclinic prisms, m. p. 102—103° (Found: C, 74:2; H, 64%), and trans(1 : 2)cis(2 : 3)- 
ester C, slender prisms, m. p. 113—114° (Found: C, 73-9; H, 5-8%),.were isolated from the 
corresponding acids. Esterification of the crude cis(1 : 2)irans(2 : 3)-anhydride D yielded a 
mixture of the cis(1 : 2)cis(2 : 3)-ester B (80% yield) and a smaller amount (20% yield) of the 
cis(1 : 2)trans(2 : 3)-ester D, which crystallised from light petroleum (b. p. 60—80°) in slender 
prisms, m. p. 126—127° (Found: C, 74:0; H, 6-2%), depressed by admixture with the esters 
A, B, and C. 

(b) Fischer—Speier esterification. The acid (III; R =H) was refluxed for 3 hours with 
3% methyl-alcoholic hydrogen chloride (5 c.c.). The alcohol was removed, the ester taken up 
in ether, washed with sodium bicarbonate solution, and dried, and the solvent removed. Acids 
A and C gave the corresponding dimethyl esters in yields exceeding 90%. Acid B (0-5 g.) gave 
a mixture, m. p. 80—90°, which was separated, roughly by hand picking and then completely 
by crystallisation of the fractions from ether-ligroin, into esters B (0-37 g.), m. p. 102—103°, 
and D (0-09 g.), m. p. 127—128°. 

(c) Hydrolysis of estey (III; R = Me). The ester (0-2 g.) was refluxed for 3 hours with a 
solution of sodium (0-1 g.) in alcohol (5 c.c.). The alcohol was removed, water added, and the 
acid liberated by acidification and isolated with ether. In all cases the tvans(1 : 2)tvans(2 : 3)- 
acid A (0-13—0-18 g.), m. p. 2836—237°, was isolated. 2n-Sodium hydroxide was used for the 
hydrolysis of the esters (III; R = Me) with the same result. 

3 : 4-Benzo-1 : 2: 10: 11-tetrahydrofluorenone-l-carboxylic Acid (IV; R = CO,H).—The an- 
hydride (0-5 g.) and powdered aluminium chloride (0-4 g.) were dissolved in nitrobenzene 
(5 c.c.), and the solution heated at 100° for 3 hours. The nitrobenzene was removed in steam, 
and the residual aqueous liquor decanted from the semi-solid brown product, which was dissolved 
in warm dilute sodium hydroxide solution. The filtered alkaline solution was acidified, and the 
acid extracted with ether and dried over sodium sulphate. Most of the ether was removed, and 
ligroin gradually added; on standing, red crystals separated, and after several crystallisations 
from ether-ligroin or chloroform-ligroin, pure colourless specimens were obtained. The 
trans(10 : 11)trans(1 : 10)-form A of (IV; R = CO,H) was obtained from chloroform-ligroin in 
prismatic plates (0-02 g.), m. p. 203—204° (Found: C, 77-7; H, 5-3. C,gH,,O, requires C, 
77-7; H, 51%), the cis(10: 11)cis(1 : 10)-form B separated from ether-ligroin in colourless 
prisms (0-23 g.), m. p. 220—221° (Found: C, 77-6; H, 5-2%), and the trans(10 : 11)cis(1 : 10)- 
modification C crystallised from ether—ligroin in clusters of needles (0-07 g.), m. p. 163—164° 
(Found: equiv., 277. C,,H,,O, requires equiv., 278). 

The three monocarboxylic acids (IV; R = CO,H) (0-1 g.) were heated with selenium (0-2 g.) 
at 280° for 24 hours. The product, isolated with chloroform and washed with dilute sodium 
hydroxide solution, was distilled at 0-1 mm. and purified by crystallisation from acetic acid; 
orange crystals, m. p. 163—164° (Found: C, 88-6; H, 4-5. Calc. for C,,H,,O: C, 88-7; H, 
4-4%), were obtained. These were identical with a specimen of 3 : 4-benzofluorenone, obtained 
by decarboxylation of 3 : 4-benzofluorenone-1l-carboxylic acid with quinoline and copper bronze 
(Schaarschmidt, loc. cit., decarboxylated the acid by dry distillation and gave 161° as the m. P- 
of 3: 4-benzofluorenone). 





[1940] Synthetic Oecstrogens related to Triphenylethylene. 1327 


3: 4-Benzo-1 : 2: 10: 1l-tetrahydrofluorenone (IV; R = H).—The acid (IV; R = CO,H) 
(1 part) was heated for 2 hours at 240° with copper powder (0-5 part) and quinoline (3 vols.). 
After dilution with ether the copper was collected, and the quinoline removed by washing five 
times with 5N-hydrochloric acid. The ethereal solution was washed with dilute sodium hydr- 
oxide solution and dried, the solvent removed, and the tetrahydrofluorenone (IV; R = H) 
crystallised from ether-ligroin. trans(10: 11)-3 : 4-Benzo-1 : 2: 10: 11-tetrahydrofluorenone (IV; 
R = H) was obtained in slender prisms, m. p. 161—163° (Found: C, 86-9; H, 5-8. C,,H,,0 
requires C, 87-2; H, 60%), from either the tvans(10: 1l)ivans(1:10)-form A or the 
tvans(10 : 11)cis(1: 10)-form C of the acid (IV; R= CO,H). The cis(10: 11)-3 : 4-benzo- 
1:2: 10: 11-tetvahydrofluorenone (IV; R =H) was prepared as nodules, m. p. 131—134° 
(Found : C, 86-8; H, 5-9%), from the cis(10 : 11)cis(1 : 10)-form B of the acid (IV; R = CO,H). 


We are indebted to Imperial Chemical Industries Limited for a grant for the purchase of 
chemicals, to the Department of Scientific and Industrial Research for a maintenance grant to 
one of us (F. H. S.), and to Dr. D. Woodcock for assistance with the preliminary experiments. 


THE UNIVERSITY, SHEFFIELD. [Received, July 25th, 1940.] 





251. Synthetic Oestrogens related to Triphenylethylene. 
By A. ScHONBERG, J. M. Rosson, Wapre Tapros, and (in part), H. A. Fanim. 


In view of the remarkable oestrogenic activity of triphenylchloroethylene, a number 
of new compounds related to triphenylethylene were synthesised. The physiological 
investigation of these compounds and of others already known showed that one of 
them, namely, aa-di-p-methoxyphenyl-8-phenylbromoethylene, was endowed with a 
much higher potency than triphenylchloroethylene. . 

4: 4'-Dimethoxystilbenediol diacetate was obtained ~ reduction of anisil in presence 
of acetic acid. 


TESTED on mice, triphenylchloroethylene has developed a remarkable oestrogenic activity 
(Robson, Schénberg, and Fahim, Nature, 1938, 142, 292). The clinical application of 
the compound by Macpherson and Robertson (Lancet, 1939, 1362) has shown that it 
brings about uterine growth, proliferation of the endometrium, withdrawal bleeding, 
relief of menopausal symptoms, and inhibition of lactation. It can be safely adminis- 
tered as a local application, by injection or by the mouth. 

Other derivatives of triphenylethylene have been investigated and a number of new 
compounds have been prepared, namely, aa-di-p-bromophenyl-B-phenylethylene (I), aa- 
di-p-todophenyl-8-phenylethylene (II), «a«-di-p-chlorophenyl-8-phenylbromoethylene (III), 
aa-di-p-bromophenyl-B-phenylbromoethylene (IV), and «a-di-p-iodophenyl-p-phenylbromo- 
ethylene (V). 

Preliminary investigations on mice have shown that, of the new compounds, the last 
(V) only induced some oestrogenic activity when subcutaneously injected in a dose of 
5 mg. (Robson). «a«-Di-p-methoxyphenyl-$-phenylbromoethylene (VI) (Koelsch, /. 
Amer. Chem. Soc., 1932, 54, 2487), however, has been found to develop a very high oestro- 
genic activity, which considerably surpasses that of triphenylchloroethylene. The possi- 
bility that impurity in either substance might influence its oestrogenic activity was 
excluded by the fact that the two substances were recrystallised six times after their 
purity had been attested by the analytical data and yet their physiological activities 
remained unchanged. 

The relative oestrogenic activities of aa-di-p-methoxyphenyl-$-phenylbromoethylene, 
triphenylchloroethylene, and stilboestrol are shown in the Table. The compounds were 
injected subcutaneously in solution in oil of sesame in groups of ovariectomised mice, 
and their activity measured according to methods previously described (Robson, Schén- 
berg, and Fahim, Joc. cit.; Robson, Quart. J. Exper. Physiol., 1938, 28, 195). The chief 
importance of the triphenylethylene compounds lies in the fact that they produce a 
prolonged action, though the threshold dose is comparatively high. 





Synthetic Oestrogens related to Triphenylethylene. 


Duration till Proportion of mice 
intensity falls showing full 
Substance. Dose, pg. to half, days. vaginal cornification. 
aa-Di-p-methoxypheny]1-8-phenylbromoethylene — 68 
2 


o ”” a 


9 
” ” 0 Only slight effect 
Triphenylchloroethylene .............e0s0sseeseeeeeeee 12 


a vikdedttematisiisliabideanen No appreciable effect 
meee erento ien veeeee — 600 16 
iif BIA AM ROLE. tel Ut AIRY 9 


4: 4'-Dimethoxystilbenediol diacetate, [OMe-C,H,-C(OAc):],, was prepared by the 
reduction of anisil in presence of acetic acid in analogous manner to that adopted by 
Thiele (Annalen, 1899, 306, 142) in the preparation of stilbenediol diacetate. 


EXPERIMENTAL. 


Di-p-bromophenylbenzylcarbinol—_To the Grignard reagent prepared from magnesium 
(2 g.), benzyl chloride (14 g.), and ether (60 c.c.), pp’-dibromobenzophenone (8 g.) was added 
and after 4 hours’ stirring the solution was left overnight and then decomposed with cold 
aqueous ammonium chloride. Ether extracted the carbinol, which separated from petroleum 
(b. p. 100—110°) in colourless crystals, m. p. 163—164°. The yield was almost theoretical 
(Found: C, 56-1; H, 3-9; Br, 37-1. C,,H,,OBr, requires C, 55-6; H, 3-7; Br, 37-0%). 

Di-p-iodophenylbenzylcarbinol, similarly prepared (magnesium 0-9 g., benzyl chloride 5 g., 
ether 40 c.c.; pp’-di-iodobenzophenone 10 g.) and crystallised, had m. p. 198—199°. The 
yield was almost theoretical (Found: C, 46-4; H, 3:3; I, 48-4. C, H,,OI, requires C, 45-6; 
H, 3-1; I, 48-3%). 

aa-Di-p-bromophenyl-B-phenylethylene.—A solution of di-p-bromophenylbenzylcarbinol (2 g.) 
in glacial acetic acid (20 c.c.) and concentrated sulphuric acid (1-5 c.c.) was refluxed for an 
hour and cooled, and the precipitate washed with a little glacial acetic acid and recrystallised 
from methyl alcohol or absolute ethyl alcohol. The compound was obtained in colourless 
crystals, m. p. 133—134°, in almost. theoretical yield (Found: C, 58-5; H, 3-4; Br, 38-3. 
C,9H,,Br, requires C, 58-0; H, 3-4; Br, 38-6%). 

aa-Di-p-iodophenyl-B-phenylethylene, similarly prepared from di-p-iodophenylbenzylcarbinol 
(2-4 g.), glacial acetic acid (75 c.c.), and concentrated sulphuric acid (5 c.c.) (3 hours’ heating) 
and crystallised, had m. p. 155—156°. The yield was almost theoretical (Found: C, 47:6; 
H, 2-9; I, 49-5. C, 9H,,I, requires C, 47-2; H, 2-8; I, 50-0%). 

aa-Di-p-chlorophenyl-B-phenylbromoethylene.—To a glacial acetic acid solution of aa-di-p- 
chlorophenyl-8-phenylethylene (Alexander and Fuson, J. Amer. Chem. Soc., 1936, 58, 1745), 
a slight excess of bromine was added. The solution was boiled for an hour and cooled, and 
the crystalline precipitate recrystallised from methyl alcohol, absolute ethyl alcohol or glacial 
acetic acid; m. p. 156—157° (Found: C, 59-3; H, 3-3; Cl, 17-0; Br, 19-2. C,)H,,Cl,Br 
requires C, 59-4; H, 3-2; Cl, 17-6; Br, 19-8%). 

aa-Di-p-bromophenyl-B-phenylbromoethylene, similarly prepared and crystallised, formed 
very pale yellow crystals, m. p. 164—165° (Found: C, 49-0; H, 2:8; Br, 48-3. C,H,,Br; 
requires C, 48-7; H, 2-7; Br, 48-7%). 

aa-Di-p-iodophenyl-B B-phenylbromoethylene, also prepared in the same way, formed colourless 
needles, m. p. 173—174° (Found: C, 41-3; H, 2-2; Br, 13-6; I, 43-2. C,gH,,BrI, requires 
C, 40-9; H, 2-2; Br, 13-6; I, 43-3%). 

aa-Di-p-methoxyphenyl-f-phenylbromoethylene was very soluble in benzene, petroleum 
(b. p. 100—110°), and ether, fairly readily soluble in methyl alcohol and absolute ethyl alcohol. 
When it was treated with concentrated sulphuric acid, a red colour developed (Found: 
C, 66-7; H, 4-9; Br, 20-3. Calc, for C,,H,,0O,Br: C, 66-9; H, 4:9; Br, 20-3%). 

Triphenylchloroethylene (H. A. Fauim).—Triphenylvinyl alcohol (1 mol.) was heated with 
phosphorus pentachloride (1-5 mols.) for 1 hour at 140—150° (Bull. Acad. roy. Belg., 1897, 34, 
67). The product was cooled, decomposed with a little water, and extracted with ether. The 
ethereal solution was washed with a dilute alkaline solution and the ether was then distilled 
off. Triphenylchloroethylene was insoluble in water, soluble in ethyl alcohol and light 
petroleum (b. p. 30—50°), and freely soluble in chloroform, benzene, ether and acetone. 
Crystallised from ethyl alcohol, it had m. p. 117°. 

4: 4'-Dimethoxystilbenediol Diacetate (H. A. Fantm).—A solution of anisil (25 g.) in acetic 
anhydride (200 c,c,) was treated with a mixture of glacial acetic acid (60 c.c.) and concen- 
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trated sulphuric acid (30 c.c.). To the vigorously stirred solution, zinc dust (40 g.) was 
gradually added during 1 hour, the temperature being kept at about 40°. The product, after 
cooling, was poured into water and extracted with ether. The diacetate separated from ethyl 
alcohol in colourless crystals, m. p. 163—164°, freely soluble in chloroform, acetone, and 
benzene (Found: C, 67-3; H, 5-5. C, 9H,,O, requires C, 67-4; H, 56%). It gave with cold 
concentrated sulphuric acid a reddish-brown colour, which turned bluish-green. 


Acknowledgment is made by one of us (A. S.) to the Ella Sachs Plotz Foundation, Boston, 
for a grant. The cost of the biological investigations was defrayed by a grant from the 
Medical Research Council (to J. M. R.). 

FouAD THE Ist UNIvERsity, Carro, Ecypr. 

DEPARTMENT OF PHARMACOLOGY, UNIVERSITY OF EDINBURGH. [Received, April 25th, 1940.] 





252. Studies of Ionisation in Non-aqueous Solvents. Part III. The 
Formation of Certain Sulphides in Methyl and in Ethyl Alcohol. 


By WitiiamM L. GERMAN and THomas W. BRANDON. 


The reactions between sodium sulphide and a number of metal salts have been 
studied in methyl and in ethyl alcohol with the aid of conductivity titrations. Unlike 
the reactions in water, complete double decomposition with precipitation of the metal 
sulphide does not always take place, the products in these cases being compounds of this 
sulphide with the original salt. 


THE reactions between hydrogen sulphide and metal salts in non-aqueous liquids have 
been investigated by Naumann and his collaborators (Ber., 1899, 32, 999; 1909, 42, 3790; 
- 1910, 48, 314), who passed the gas into certain salts dissolved in ether, methyl or ethyl 

acetate, aceto- or benzo-nitrile, acetone, or pyridine. Analysis of the precipitates showed 
that in some cases complete formation of the metal sulphide did not take place. Curtis 
and Burns (J. Amer. Chem. Soc., 1917, 39, 33) similarly used isoamyl alcohol as solvent ; 
they did not record analyses of the precipitates, but noted mercaptan formation as a result 
of reaction between the alcohol and hydrogen sulphide. 

A series of reactions between sodium sulphide and conveniently soluble salts has now 
been studied in anhydrous methyl and ethyl alcohols. Sodium sulphide was used in pre- 
ference to hydrogen sulphide to avoid mercaptan formation. The ionisation of sodium 
sulphide is less in the alcohols than in water and this probably explains the fact that, of the 
reactions studied, only with silver, cadmium, and copper salts did complete double decom- 
position take place to form the sulphide. In the other cases compounds of the salt and the 
metal sulphide were precipitated of the type (RCI,),(RS),, where R is a bivalent metal. 
The solubility products of cobalt and nickel sulphides in water are much greater than those 
of copper, silver, and cadmium sulphides, and if a parallel relationship exists in the alcohols 
then the failure to obtain these sulphides is explained. Mercuric chloride might, on this 
reasoning, be expected to give mercuric sulphide. Anomalous behaviour of mercury 
compounds is not, however, uncommon, and in water the sulphide is not formed until a 
considerable excess of hydrogen sulphide has been added, the initial products ranging 
from white to yellow and brown in colour. 


EXPERIMENTAL. 


The alcohols were purified and the anhydrous salts made as previously described (Part I; 
J., 1938, 1027). The conductivities of the pure solvents at 25° were: methyl alcohol, 8-30 x 
10 mho; ethyl alcohol, 5-71 x 10-7 mho. Anhydrous sodium sulphide was prepared from a 
good sample of the colourless nonahydrate (Sabatier, Ann. Chim. Phys., 1881, 22, 66). Tests 
showed it to be free from sulphate and to contain only slight traces of thiosulphate (Found : 
S, 40-3. Calc.: S, 410%). Solutions of this substance gave no smell of mercaptan even on 
refluxing with the alcohols, though a slight smell appeared after several days. A white solid 
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was deposited on standing which contained sodium sulphate (Found: Na, 32-1; SO,, 32-5; 
other S, 10-8%). 

In order to gain an insight into the relative dissociation of sodium sulphide in the two 
alcohols and in water, the conductivities of sulphide solutions of comparable concentrations 
were measured. The solutions were prepared by shaking the sulphide with the alcohols, 
filtering in a dry atmosphere, and standardising immediately. The values are given below. 


Sodium sulphide in water at 25°. 


ee 0-0155 0-003875 0:000969 + —-0-000485 
DD ccistssncivosssemacinsenase 165 166-5 170 174-5 
ili SBA ARLE ARRAN gins 0-858 0-860 0-880 0-91 

EN ecissecncamidinbns Se 0-702 0-838 0-915 0-939 

The value for A,, viz., 192, was obtained by plotting ~/c against A and extrapolating to 
zero concentration, using the values over a concentration range of 1-0—0-05 obtained by Jellinek 
and Czerwinski (Z. physikal. Chem., 1922, 102, 438). The values of the mean activity co- 
efficient were calculated from the simple Debye—Hiickel expression — log f, = 0-505Z,Z Vu, 
where Z, and Z_ are the valencies of the ions and y is the ionic strength. At the higher 
dilutions the agreement between the values of the mean activity coefficient and the conductance 
ratio is satisfactory. 

Owing to the difficulties of accurately measuring conductivities in very dilute solutions and 
to the fact that sodium sulphide is not very soluble in methyl and ethyl alcohols, it was not 
possible satisfactorily to extrapolate the conductivity values to get values of A. Conse- 
quently, values of the mean activity coefficient were calculated from the simple Debye—Hiickel 
expression, and no attempt was made to compare them with conductivity ratios. In the alcohols 
at 25° this expression reduces to — log f, =Z,Z_AV/u. The values of the constant A 
are: in methyl alcohol 2-117, in ethyl alcohol 2-818 (cf. Buckley and Hartley, Phil. Mag., 1929, 
8, 320). These values are given below : 


Sodium sulphide in methyl alcohol at 25°. 


0-070 0-035 00175 0-00875 0-00438 0-002188 0-001094 0-000547 
3°7 


5 58°8 60-0 66-3 69-8 70-5 74-0 78-5 
0-042 0-107 0-206 0-327 0-454 0-573 0-668 0-757 


Sodium sulphide in ethyl alcohol at 25°. 
00-0693 0-0347 - 00174  0-0087 0-0044 
By kiciilahncclchetnionsans 21-5 24:5 26-4 27-2 
fz (cale.) ccc. 0015 0-052 0-123 0-227 0-348 

In these tables c refers to concentration in equivs. per 1. Although the use of the simple 
Debye—Hiickel expression may not be entirely justifiable in alcoholic solutions, the values of the 
mean activity coefficient deduced in the more dilute solutions are probably sufficiently accurate 
to justify the conclusion that sodium sulphide is less ionised in these solvents than in water. 
This would also be expected from the fact that the dielectric constants of the alcohols are lower 
than that of water, i.e., the dissociating power is less. . 

For the titrations, the finely ground anhydrous sulphide was well shaken with the alcohol, 
and the filtered solution was standardised and used immediately. The conductivity apparatus 
was the same as that used in Part I (loc. cit.). The conductivity results are shown in Figs. 
1 and 2, which refer respectively to the reactions in methyl and in ethyl alcohol. In these 
diagrams the specific conductivities are plotted against molecules of sulphide added. 

The precipitates for analysis were well washed with the appropriate alcohol, but as several 
of them were difficult to dissolve, agua regia being necessary in some cases, only the ratio of 
metal to sulphur was determined. 

Sodium Sulphide and Silver Nitrate.—In both solvents the conductivity fell rapidly as sodium 
sulphide was added to the silver solution, but rose again after the addition of 1 mol. of sulphide. 
The normal sulphide was therefore formed. It was black and heavy, and precipitation was 
apparently complete. 

Sodium Sulphide and Cadmium Iodide.—A rise of conductivity characterised this reaction 
in both solvents until 1 mol. of sodium sulphide had been added, after which further addition 
of reagent caused little conductivity change. The cadmium sulphide, CdS, thus formed, 
settled immediately as a yellow precipitate, leaving a clear supernatant liquid. 





[1940] . Lonisation in Non-aqueous Solvents. Part III. 1331 


Sodium Sulphide and Copper Chloride.—In ethyl alcohol the first rise in conductivity on 
addition of sulphide solution was accompanied by the formation of a brown precipitate of 
indefinite composition containing chloride, that obtained by adding 0-5 mol. of sodium sulphide 
to 1 mol. of copper chloride having the ratio Cu: S = 1: 2-56 (Found: Cu, 18-1; S, 23-2%). 
The conductivity then fell as this substance reacted with further amounts of sulphide until 
1 mol. of sulphide had been added, whereupon the values rose again. Hence, the black pre- 
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cipitate formed was CuS. Precipitation appeared to be complete, all colour having gone from 
the supernatant liquid. 

In methyl alcohol the conductivity rose initially, and the curve showed a break after the 
addition of 1 mol. of sulphide. Copper sulphide, CuS, was therefore formed. 

Sodium Sulphide and Mercuric Chloride.—In methyl alcohol there was a rapid rise in con- 
ductivity and the curve was continuous. The precipitate initially was white, but subsequently 
it turned brown and finally black as more sulphide was added. The compounds were indefinite, 
that obtained on adding 1 mol. of sulphide to 1 mol. of mercuric chloride having the ratio 
Hg:S = 1:07: 1-0 (Found: Hg, 83-6; S, 12-56%). 
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In ethyl alcohol there was a similar behaviour, the initial maximum in the conductivity 
curve corresponding to the formation of a white substance HgCl,,2HgS (Found: Hg, 79-6; 
S, 84%; Hg:S = 1-52:1-0). This substance is also formed when hydrogen sulphide is 
passed into aqueous solutions of mercuric chloride. The final rise in conductivity in ethyl 
alcohol occurred before the addition of 1 mol. of sulphide was completed. The black compound 
precipitated was thus of indefinite composition and contained halogen. That formed by 
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adding 1 mol. of sulphide to 1 mol. of mercuric chloride had the ratio Hg: S = 1-15:1. Naumann 
(loc. cit.) found that in other solvents, e.g., ether, methyl and ethyl acetates, and acetone, 
hydrogen sulphide precipitated HgCl,,2HgS. 

Sodium Sulphide and Cobalt Chloride.—In methyl alcohol there was a fall in conductivity 
until about 0-5 mol. of sulphide had been added, followed by a rise on further addition. The 
shape of the curve indicates that considerable solvolysis took place. A black substance of 
indefinite composition was precipitated, that prepared by adding 1 mol. of sulphide to 1 mol. 





[1940] Notes. 1333 


of cobalt chloride having the ratio.Co:S = 1:39: 1 (Found: Co, 35-4; S, 139%). Precipi- 
tation was incomplete, the supernatant liquid remaining blue. 

In ethyl alcohol the initial conductivity rise was accompanied by precipitation of an indefinite 
black substance, that prepared by adding 0-25 mol. of sulphide to 1 mol. of cobalt chloride 
having Co: S = 1-74: 1-0 (Found: Co, 26-8; S, 84%). Subsequent addition of sulphide 
caused first a fall in conductivity, and then a rise after the addition of less than 1 mol. Precipi- 
tation was incomplete, the filtrate remaining coloured, and the substance precipitated after 
the addition of 1 mol. of sulphide was indefinite and again contained chloride (Found: Co, 
30-6; S, 14-7%; Co:S = 1-13: 1-0). 

Sodium Sulphide and Nickel Chloride.—Here again indefinite compounds were obtained. 
In methyl alcohol the initial fall in conductivity stopped when less than 1 mol. of sulphide had 
been added. A black precipitate was formed in which the ratio Ni: S was 1-51: 1 (Found: 
Ni, 37-0; S, 13-4%). 

In ethyl alcohol there were two breaks in the conductivity curve, corresponding to the 
formation of substances of indefinite composition. The black substance prepared by adding 
1 mol. of sulphide to the nickel chloride solution had a ratio Ni: S = 1:13: 1-0 (Found: Ni, 
35:2; S, 170%). In both alcohols the indefinite substance contained halogen. 


The authors’ thanks are due to the Chemical Society and to the Dixon Fund of London 
University for grants. 


WootwicH PoLyTEcunic, S.E. 18. [Received, July 2nd, 1940.) 
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The Action of Formic Acid on Triphenylmethyl Ethyl Ether and on Triphenyimethyl Chloride. 
By SypnEy T. BowpeEn and T. FREDERICK WATKINS. 


- TRIPHENYLCARBINOL dissolves in anhydrous formic acid to form a yellow solution of triphenyl- 
methyl formate: (1) CPh,OH + H-CO,H == H°CO,CPh, + H,O. The solution is stable at 
room temperature, but when heated to 49° the formate begins to decompose and the triphenyl- 
methyl cation is reduced to the homopolar triphenylmethane. The reaction is actually an ionic 
one, but for simplicity may be represented as (2) H*CO,CPh, —-> CHPh, + CO,. The rate of 
decomposition was measured by dropping a known weight of the dry, finely powdered carbinol 
into anhydrous formic acid (10 g.) held in a thermostat at 100° + 0-02°, and leading the carbon 
dioxide through a vertical condenser into a gas burette. At this temperature, salt formation 
is practically instantaneous, and the rate of evolution of carbon dioxide thus furnishes a measure 
of the rate of decomposition of triphenylmethyl formate in a formic acid solution containing 
water generated during the initial process of salt formation. The results of a typical experiment 
were as follows. 
Weight of triphenylcarbinol, 0-8130 g. 
Time, MINS. ...rccececceccecoe OH 1 1-5 2 2-5 3 5 10 


CO, evolved, c.c. ............ 186 32-3 41-4 46-4 48-9 50-2 51-2 51-3 
Reduction, % —.........0200. 26 46 59 66 69 71 73 74 


The facility with which triphenylcarbinol is reduced by formic acid under these conditions 
led us to examine the behaviour of its ethyl ether. This was prepared by boiling a solution of 
triphenylmethyl1 chloride with absolute alcohol, removing the solvent under reduced pressure, 
and crystallising the residue from light petroleum; it melted at 81° (Herzig and Wengraf, 
Monatsh., 1901, 22, 601). The powdered material was freed from solvent vapours by means 
of silica gel before treatment with formic acid as described above. The results were as follows : 


Weight of triphenylmethyl ethyl ether, 0-5398 g. 
Thee) GR, - ceecccpivicsicss téocendisece 3 4 5 10 30 
CO, evolved, c.c. 32-7 35-7 . 36-9 37-0 37-9 
Reduction, %  s..ccssscsssssesceseeons 79 87 89 90 92. 


The ethyl ether is rapidly reduced under these conditions, and the initial reaction may be 
represented by (3) CPh,-OEt + H-CO,H = H’CO,CPh, + EtOH. The decomposition of 
the formate proceeds normally, and the extent of reduction, as shown by the above figures 
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and by the amount of triphenylmethane (88%) isolated at the conclusion of the experiment, is 
greater than that found in the case of triphenylcarbinol. This is due to the fact that the 
reversibility of reaction (3) is lower than that of reaction (1). From the preparative standpoint, 
it is therefore preferable to reduce the ethyl ethers rather than the carbinols themselves. 

The behaviour of triphenylmethyl chloride is also of interest in this connexion. The 
chloride, prepared by warming a solution of the carbinol (5 g.) in ether—light petroleum with 
acetyl chloride (5 c.c.) for 30 mins. with suitable precautions against the intrusion of moisture, 
was deposited on cooling, and was obtained colourless after two recrystallisations from the same 
solvent mixture; it was filtered off in a stream of dry air and melted at 112°. The reactions 
with formic acid are similar to the above, but in this case the formation of triphenylmethane 
is accompanied by simultaneous evolution of carbon dioxide and hydrogen chloride, the latter 
produced by the reaction CPh,Cl + H-CO,H = H:CO,CPh, + HCl. The rate of evolution of 
the two gases was as follows. 


Weight of triphenylmethyl chloride, 0-5212 g, 


Se GE, +) civssciveidciiowns : |S 4 6 8 10 12 15 20 30 
CO, + HCl evolved, c.c. ...... 13:2 241 31:4 375 440 476 632 6586 653 
Reduction, % —...scscesccecceeee 16 29 38 45 53 58 64 71 719 


It is evident from these results that the reaction involving the formation of triphenylmethyl 
formate is slower than the corresponding reaction with the carbinol or the ethyl ether. The 
reaction, however, is not, reversible under the present experimental conditions owing to the 
removal of hydrogen chloride from the system. This is further confirmed by the fact that a 
90% yield of triphenylmethane is obtained after 2 hours—TaTEM LABORATORIES, UNIVERSITY 
COLLEGE, CARDIFF. [Received, June 29th, 1940.] 





p-Phenoxytriphenylmethane and the Corresponding Free Radical. By D. LESLIE CLARKE and 
SypNEY T. BowDeEn. 


SINCE tertiary aromatic carbinols containing the o-phenoxyphenyl group undergo ring closure 
with the formation of colourless spirans (Clarkson and Gomberg, J. Amer. Chem. Soc., 1930, 52, 
2881), the preparation of the corresponding free radical is not possible, but as such ring closure 
is not to be anticipated if the phenoxyl group is in the -position, we have examined the 
behaviour of -phenoxytriphenylmethane and its derivatives. 

An ethereal solution of phenylmagnesium bromide (1-2 mols.) was treated with a suspension 
of p-phenoxybenzophenone (1 mol.), and the red solution refluxed for an hour. The mixture 
was decomposed with ice and sulphuric acid, and steam passed through it to remove volatile 
material. The residual carbinol could not be crystallised from ordinary organic solvents and 
slowly changed into a brown resinous mass on standing. The oil dissolved readily in liquid 
sulphur dioxide to form a reddish-brown solution, which deposited a pink, crystalline addition 
compound on slow evaporation. On standing in the air or in a desiccator, the compound lost 
sulphur dioxide and reverted to the original oily material. Attempts to distil the oil under 
reduced pressure led to decomposition. However, the substance gave the characteristic tests 
for triarylcarbinols, and its identity was further established by its reduction to the corresponding 
methane as described below. 

The chloride was also obtained as an oil by treatment of benzene or light petroleum solutions 
of the carbinol with hydrogen chloride and calcium chloride, or acetyl chloride, respectively. 
It dissolved in ether to form a very pale yellow solution, which on shaking with molecular silver 
out of contact with air became deep orange in colour. On shaking this solution with oxygen 
the colour was discharged. These reactions indicate the presence of the free radical p-phenoxy- 
triphenylmethyl. 

The reduction of the carbinol was easily effected by dissolving the material (2 g.) in glacial 
acetic acid (20 c.c.) and heating the solution with zinc dust (2 g.) on a steam-bath for 3 hours. 
The liquid was filtered hot, and the deposited p-phenoxytriphenylmethane recrystallised from the 
same solvent (yield, 80%). The pure material was white and melted at 142° (Found: 
C, 89°0; H, 6-1. C,;H,,O requires C, 89-2; H, 6-0%).—Tatem LaBcraTorRIEs, UNIVERSITY 
COLLEGE, CARDIFF. ([Received, June 29th, 1940.] 
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The Conversion of Quillaic Acid into a Hydrocarbon. By Grorce A. R. Kon and 
HENRY R. SOPER. — 


METHYL quillaate has been converted by oxidation and subsequent reduction of one carbonyl 

group into a monoketonic ester. We have now reduced the remaining carbonyl group of this 

ester with the simultaneous elimination of the carbomethoxy-group, the product being a 
me 


S | 


CO,Me}=0 L 
V4 


(I. ‘ef (IL.) (IIT.) 


As the monoketonic ester has been formulated as (I) on the assumption that the carbon 
skeleton of quillaic acid is the same as that of the triterpene acids of the hederagenin group 
(Elliott, Kon, and Soper, this vol., p. 612), the hydrocarbon should have formula (II) and be 
termed norhederabetulene. We hope to obtain this hydrocarbon by the oxidation of 
hederabetulin (III) (Winterstein and Stein, Z. physiol. Chem., 1931, 199, 75) and subsequent 
reduction of the nor-ketone formed. 

The method of reduction used by us is a variant of the Kishner—Wolff process and was 
suggested by the observations of Dutcher and Wintersteiner (J. Amer. Chem. Soc., 1939, 61, 
1992). We find that it is not necessary to isolate the hydrazone or azine of the carbonyl com- 
pound to be reduced; the latter is simply heated with sodium ethoxide and hydrazine. The 
process is successful with A‘-cholestenone and especially with quillaic acid, which gives an 
almost quantitative yield of deoxyquillaic acid. 

Reduction of the Ester (1).—0-2 G. of the ester was heated for 16 hours in a sealed tube at 200° 


_with 0-4 g. of sodium in 8 c.c. of absolute alcohol and 0-8 c.c. of 95% hydrazine hydrate. The 


product was dissolved in ether, and the extract washed with water, dried, and evaporated. 
The yellow crystalline residue was dissolved in light petroleum (b. p. 60—80°) and percolated 
through a column of activated alumina. The colourless, crystalline residue obtained after 
removal of the solvent was recrystallised from acetic acid, in which it was only moderately 
soluble, forming large plates, m. p. 154°; the specimen for analysis was dried for 2 hours at 
100° in a high vacuum. The hydrocarbon gave a yellow colour with tetranitromethane and had 
[a]p + 33° (c = 1-638 in hexane) (Found: C, 87:5; H, 12-5. C,,H,, requires C, 87-9; H, 
12-1%).—IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, Lonpon, S.W.7. [Received, 
July 18th, 1940.} 





253. The Oxidation of Lupenyl Esters. 
By E. R. H. Jones and R. J. MEAKINs. 


An examination of the absorption spectra of ketolupeol and its derivatives, 
originally prepared by Ruzicka and Rosenkranz (Helv. Chim. Acta, 1939, 22, 778) 
by selenium dioxide oxidation of lupenyl esters, has revealed that these ketones 
are af-unsaturated, this decision being confirmed by the ultra-violet absorption of 
ketolupenyl acetate semicarbazone, which is typical for the semicarbazone of an 
af-unsaturated ketone. 

Ozonolysis of ketolupenyl agetate gives excellent yields of a crystalline acetate- 
acid, CysH,,O,, which has proved:to be identical with an acid isolated by Duerden, 
Heilbron, McMeeking, and Spring (J., 1939, 322) from the acidic products of the 
ozonolysis of lupenyl acetate itself. f 


By the oxidation of lupenyl acetate and benzoate with selenium dioxide in benzene 

solution Ruzicka and Rosenkranz (loc. cit.) obtained products described as ketolupenyl 

acetate and ketolupenyl benzoate, but although the latter was hydrolysed to a ketolupeol, 

no evidence that the ketolupenyl acetate was derived from the same keto-alcohol was 
4T 
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given. We have confirmed the work of the Swiss authors in the preparation of these 
ketones, and in addition the ketolupeol produced by hydrolysis of ketolupenyl acetate 
has been converted into ketolupenyl benzoate, identical with that obtained by direct 


oxidation of lupenyl benzoate. 


Ruzicka and Rosenkranz examined the absorption spectra of ketolupeol and its esters 
and concluded that the chromophore was a carbonyl group with no double bond in the 
aB-position. We have investigated the absorption spectra of these compounds and 
although the curves we obtain (see Figure) are similar to those given by Ruzicka and 
Rosenkranz we cannot agree with the conclusions drawn by these authors concerning 
the nature of the chromophoric group present. It is well known that isolated carbonyl 
groups exhibit either absorption maxima or inflexions of low intensity in the region of 
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2800 A., and that «®-unsaturated ketones or aldehydes 
usually show a band of high intensity at 2200—2500 a., 
and the characteristic low-intensity carbonyl band is 
displaced to longer wave-lengths (3150—3300 4.). 
Ketolupeol and its two derivatives all exhibit secondary 
maxima at 3150—3300 a., and all three ketones show 
absorption of a high intensity at 2200—23004., although 
a well-defined maximum cannot be discerned except in 
the case of ketolupenyl benzoate. From these con- 
siderations it appears that ketolupeol is an af- 
unsaturated ketone, and it is to be anticipated that in 
ketones in which the «af-ethenoid linkage is exocyclic 
the high-intensity maximum would be somewhat dis- 
placed towards the ultra-violet from the position 
normally observed with cyclic compounds. 

In view of the conclusions of Ruzicka and Rosen- 
kranz we felt that further evidence of the conjugation 
in ketolupeol might be considered necessary and 
consequently we have prepared ketolupenyl acetate 
semicarbazone, m. p. 251° (decomp.), and determined 
that it has a maximum absorption at 2650 A. (Figure). 
Ruzicka, Huber, Plattner, Deshapande, and Studer 
(Helv. Chim. Acta, 1939, 22, 716) have demonstrated 
quite clearly that the semicarbazones of saturated 
ketones exhibit absorption of high intensity at 2200— 
2300 A., and the same authors quote the observation 
of Menschick, Page, and Bossert (Annalen, 1932, 495, 
225) that the semicarbazones of «$-unsaturated ketones 
have maxima of high intensity at about 2650 a. 

Although ketolupeol and its derivatives give no 
colorations with tetranitromethane, ketolupenyl acetate 
reacts slowly with perbenzoic acid, taking up the 


equivalent of one atom of oxygen during a week, and both ketolupeol and its acetate react 
with osmium tetroxide in ethereal solution. That the exocyclic methylene group of lupeol 
is also to be found in ketolupeol was readily proved by ozonolysis of ketolupeny]l acetate in 
acetic acid solution, formaldehyde being produced in 33% yield. In addition, it was possible 
to isolate a crystalline acetate-acid, m. p. 260—261° (decomp.), in extremely good yield. 
This acid has been further characterised by the preparation of several derivatives and 
analyses indicate the formula C,,H,,0, for the parent hydroxy-acid. Duerden, Heilbron, 
McMeeking, and Spring (loc. cit.) describe the isolation of a hydroxy-acid A, CygH590, 
or C,,H,,03, from the acidic products of the oxidation of lupenyl acetate with ozone. 
As is shown in the accompanying table, there is agreement between the m. p.’s of their 
acid and its derivatives and of our product obtained from an rey acetate. No rotations 


of this acid-A had been described in the previous work an 


hence it was considered neces- 


sary, in order to confirm the identity of the two materials, to reinvestigate the ozonolysis 
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Acetate-acid. Acetate-methy] ester. Hydroxy-acid. 

M. p. {a]p . M.p. [alp- M.p. [alo . 
Ozonolysis_ of mee 272° —- 232—234° — 262—264° — 
acetate (Duerden, Heil- 
bron, McMeeking, and 
Spring) 
Ozonolysis of ketolupenyl 260—261 (decomp.) +10° 233 —4-0° 260—261  —25° 
acetate (Jones and 
Meakins) 

(a) In chloroform. 

Ozonolysis of lupenyl 258—260 (decomp.) + 8-3 260—261 -—22 
acetate (Jones and 
Meakins) 


(b) In acetic acid. 
261—262 (decomp.) — 260 —23 


of lupenyl acetate. Repetition of the oxidation in chloroform solution gave a product 
identical with that from the ozonolysis of ketolupenyl acetate (Table). The same acid 
was obtained by using acetic acid as the solvent, but in addition an acetate-acid, 

. p. 285—286° (decomp.), [«]}” — 9-7° [methyl ester, m. p. 242—245° (decomp.)], was 
isolated in poor yield. From a comparison of the optical rotations it is obvious that 
this acetate-acid is not identical with either of the acids isolated by chromic acid oxidation 
of lupenyl acetate (Duerden, Heilbron, McMeeking, and Spring, Joc. cit.; Ruzicka, Schellen- 
berg, and Rosenkranz, Helv. Chim. Acta, 1938, 21, 1391) or of lupenyl acetate oxide 
(Ruzicka and Rosenkranz, loc. cit.). The presence of traces of this new acid might possibly 
explain the discrepancy between the m. p.’s of the acetate-acid obtained in this and in the 
previous work. 

Since the same acetate-monocarboxylic acid (III) is obtained by ozonolysis either of 
lupenyl acetate (I) or of ketolupenyl acetate (II), where in the latter a methylene group 
adjacent to the ethenoid linkage is replaced by a carbonyl group, it would be expected 


~cu,—t=c -co—C=C -CO,H 
“Oat 9 het -OAc 
(I.) (II.) (III.) 

that the parent hydroxy-acid could contain no more than 28 carbon atoms, a conclusion 
which is in complete agreement with the analytical data. Although it is realised that 
the results described in this paper could be interpreted more easily by assuming that the 
ethenoid linkage of lupeol is present in a side chain of at least three carbon atoms, much 
of the previous work in this field would be directly opposed to such an assumption, 


EXPERIMENTAL. 


All m. p.’s are uncorrected. Analytical specimens were dried at 110° in a high vacuum 
for 3 hours. Rotations, except where otherwise stated,.were done in chloroform solution in 
a 1 dem. tube. 


Ketolupenyl Benzoate——Lupenyl benzoate (5 g.) was oxidised as described by Ruzicka and 


Rosenkranz (loc. cit.) and after being purified twice by adsorption on alumina the product | 


was crystallised from chloroform—methyl alcohol and then twice from acetone, ketolupenyl 
benzoate (2-2 g.) separating from the latter solvent in flat needles, m. p. 265—267° (slight 
decomp.) [Ruzicka and Rosenkranz give m. p. 268-5° (corr.)], [a]? + 37-5° (c = 1-15) (Found: 
C, 81-6; H, 9-8. Calc. for C,;,H,;,0,: C, 81-6; H,9-6%). Light absorption (Figure) : Maxima, 
2290 and 3150 a.; log « = 4-3 and 1-9 respectively. Inflexion, 2730 a.; loge = 2:9. Either 
unchanged material or intractable resins were obtained in numerous attempts to hydrolyse the 
benzoate, although Ruzicka and Rosenkranz successfully prepared ketolupeol in this manner. 
Ketolupenyl Acetate —Lupenyl acetate (12-4 g.) was oxidised as described by Ruzicka and 
Rosenkranz for 66 hours only, and after two purifications by adsorption, the product was 
crystallised from chloroform—methyl alcohol and alcohol, yielding ketolupenyl acetate (7 g.) 
in shortrods, m. p. 221—222° [lit., m. p. 224—226° (corr.)], [aJ?” + 17° .(c = 1-4) (Found : 
C,.79-25; H, 10-5. Calc. for CysH,,0,: C, 79-6; H, 10-45%). Light absorption (Figure) : 
Maxima, 2250 and 3250 a.; log ¢ = 3:8 and 1-3 respectively. A solution of ketolupenyl 
acetate (99 mg.) in chloroform (40 c.c.) was treated with a solution of perbenzoic acid in chloro- 
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form (2 c.c., 0-7N), and the mixture set aside at 0°. From time to time 2 c.c. samples of the 
solution were treated with potassium iodide and titrated with standard thiosulphate, the 
titres being compared with a blank containing no ketolupeny]l acetate. 


MONE) hscsarceneccconsenennens 24 48 112 168 
Atoms of Oxygen .........scceceeeeees 0-4 0-7 0-8 0-93 


Semicarbazone. A solution of ketolupenyl acetate (200 mg.) and semicarbazide acetate 
(200 mg.) in aqueous alcohol was heated under reflux for 2 hours. The residue obtained on 
removal of the solvent under reduced pressure was thoroughly washed with hot water and 
after two crystallisations from benzene, ketolupenyl acetate semicarbazone was obtained in micro- 
scopic plates, m. p. 251° (decomp.) (Found: C, 73-0: H, 10-0. C,,;H;,0,;N; requires C, 73-5; 
H, 9-9%). Light absorption (Figure) : Maximum, 2650 a.; log « = 4-4. 

Prepared in the usual manner with 2: 4-dinitrophenylhydrazine sulphate in alcohol, the 
2 : 4-dinitrophenylhydrazone separated from benzene-alcohol in yellow plates, m. p. 252° 
(decomp.). The m. p. varies with rate of heating (Found: N, 8-6. C,,H;,O,N, requires 
N, 8-4%). 

Ketolupeol.—A sglution of ketolupenyl acetate (200 mg.) and potassium hydroxide (200 mg.) 
in methyl alcohol (7 c.c.) was heated under reflux for 2 hours. The solid obtained on dilution 
with water was well washed and crystallised successively from methyl alcohol, acetone, and 
alcohol, yielding ketolupeol (130 mg.), m. p. 225—226°, in fine needles [lit., m. p. 232—233° 
(corr.)], [a]? + 1-:1° (c = 1-7) (Found: C, 81-4; H, 11-1. Calc. for C,H,,0,: C, 81-7; 
H, 11:0%). Light absorption (Figure): Maxima, 2250 and 3180 a.; log e« = 3-8 and 1-8 
respectively. Both ketolupeol and its acetate react with osmium tetroxide in anhydrous 
ether, but as yet no homogeneous hydroxylation products have been isolated. 

Acetate. Treatment with acetic anhydride and pyridine at 100° yielded epee 0 acetate, 
m. p. 221—222°, undepressed on admixture with an authentic specimen. 

Benzoate. A solution of ketolupeol (380 mg.) in dry pyridine (5 c.c.) and benzene (30 c.c.) 
was treated dropwise with benzoyl chloride (1 c.c.), and the mixture heated on the steam- 
bath for 4 hours. Isolation by means of ether and crystallisation of the product from chloro- 
form—methyl alcohol and then thrice from acetone yielded ketolupenyl benzoate, m. p. 263— 
265° (decomp.), undepressed on admixture with a specimen prepared by the oxidation of 
lupenyl benzoate. [a]? + 36° (c = 1-3). 

Ozonolysis of Ketolupenyl Acetate.—A stream of ozonised oxygen was passed into a solution 
of ketolupenyl acetate (2 g.) in purified acetic acid (120 c.c.) for 4 hours, the issuing gases being 
led through water. The aqueous washings were then combined with the acetic acid solution, 
and the mixture distilled in steam until about 800 c.c. of distillate had been collected. The 
distillate was treated with dimedon solution; on standing, the formaldehyde derivative crystal- 
lised, 390 mg. of dried product, m. p. 186—187°, being obtained. It gave no depression 
in m. p. on admixture with an authentic specimen and corresponds to a 33% yield of 
formaldehyde. 

The residual resinous solid was taken up in ether and on shaking with 2n-sodium hydroxide 
a crystalline sodium salt separated at the interface. This was filtered off and acidified, and 
the acid isolated by means of ether; after successive crystallisations from ethyl acetate, methyl 
alcohol, and acetone, the acetate-acid (1 g.) was obtained in rods, m. p. 260—261° (decomp.). 
A further quantity (300 mg.) of the acid was isolated after acidification of the alkaline wash- 
ings. [aJj}" + 10° (c = 1-5) (Found: C, 75-7, 75:7; H, 10-35,.10-3. Calc. for CygH 0, : 
C, 75-9; H, 10-6%). The acid was recovered unchanged after refluxing for 3 hours with 
semicarbazide acetate in alcohol, and showed no absorption of appreciable intensity in the 
ultra-violet. The acetate-methyl ester, obtained by means of diazomethane, crystallised from 
methyl alcohol in plates, m. p. 233°, undepressed on admixture with a specimen obtained by 
Duerden, Heilbron, McMeeking, and Spring (loc. cit.) by the ozonolysis of lupenyl acetate. 
[a}?" — 4-0° (c = 1-5) (Found: C, 76-0; H, 10-6. Calc. for C,,H,;,0,: C, 76-2; H, 10-7%). 
The ester was hydrolysed to acid to the extent of only 20% on heating under reflux with alcoholic 
potassium hydroxide (5%) for 3 hours. 

Hydroxy-acid, m. p. 260—261°.—A solution of the acetate-acid (250 mg.) in methyl alcohol 
(10 c.c.) was heated under reflux for 4 hours with potassium hydroxide (300 mg.). After 
acidification with dilute acid, the product, isolated with ether, was thrice crystallised from 
methyl alcohol, the hydroxy-acid separating in a felt of fine needles, m. p. 260—261°, [«]??” — 25° 
(c = 1-3 in pyridine). Satisfactory analytical data for the acid could not be obtained, even 
after crystallisation from benzene, probably owing to retention of solvent. Duerden, Heilbron, 
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McMeeking, and Spring were similarly unable to obtain satisfactory analytical data for their 
hydroxy-acid-A [Found : C, 76-4, 76-6; H, 11-0, 10-6; M (titration), 431, 435, 432. Calc. for 
CysH,,0,: C, 77-7; H, 11-2%; M, 432-5]. The methyl ester, prepared with diazomethane 
in ether, was crystallised thrice from methyl alcohol and finally from light petroleum (b. p. 
40—60°), from which solvents it separated in fine needles, m. p. 220—221°, («]??” — 22°(c = 1-65). 
Unsatisfactory analyses were obtained with specimens crystallised from methyl alcohol alone 
(Found: C, 78:3; H, 11-2. C,H,9O, requires C, 78-0; H, 11-3%). The ester was hydrolysed 
to the acid to the extent of 60% on heating under reflux with alcoholic potassium hydroxide 
(10%) for 3 hours. 

Ozonolysis of Lupenyl Acetate-—(a) In chloroform. Ozonised oxygen was passed into a solution 
of lupenyl acetate (4-3 g.) in purified chloroform (40 c.c.) for 6 hours at 20°. The reaction 
mixture was distilled with steam, and the residual resinous solid taken up in ether. The 
ethereal solution was washed with potassium hydroxide solution (10%), the combined washings 
and gummy potassium salts acidified with hydrochloric acid, and the product isolated with 
ether. The solid acid (1-4 g.) was repeatedly crystallised from ethyl acetate and then from 
methyl alcohol, yielding the acetate-acid, m. p. 258—-260° (decomp.), not depressed on admix- 
ture with the acetate-acid obtained by ozonolysis of ketolupenyl acetate. [a]? + 8-3° (c = 1-5). 
Hydrolysis of the acetate-acid (160 mg.) under reflux for 34 hours yielded the hydroxy-acid, 
which after three crystallisations from alcohol had m. p. 260—261°, undepressed on admixture 
with a specimen obtained from the ozonolysis product of ketolupenyl acetate. [a]? — 22° 
(c = 1-6 in pyridine). : 

(b) In acetic acid. Ozonised oxygen was passed into a suspension of lupenyl acetate (5-3 g.) 
in purified acetic acid (200 c.c.) at 20° for 4 hours, solution being complete after 2 hours. The 
reaction mixture was distilled in steam, and the distillate (1 1.) treated with dimedon; the 
formaldehyde—dimedon derivative (950 mg., 30%), m. p. 186—187°, undepressed on admixture 
with an authentic specimen, was obtained. 

An ethereal solution of the residual solid was washed with sodium hydroxide solution 
(10%) and after acidification of the alkaline washings the acid product (1-5 g.) was isolated 
by means of ether. Repeated crystallisation from alcohol gave an acetate-acid (50 mg.) as a 
microcrystalline powder, m. p. 285—286° (decomp.), [a]?” — 9-7° (c = 1-5) (Found: C, 76-3; 
H, 10-35. C,,Hs,0, requires C, 76-5; H, 10-4%). The methyl ester, prepared with diazo- 
methane, could not be readily purified and after numerous recrystallisations had m. p. 242— 
245° (decomp.). Shortage of material precluded further examination of this acid. 

The combined mother-liquors obtained from the purification of the acetate-acid, m. p. 
285—286°, were evaporated, and the residue (1-4 g.) was hydrolysed, yielding, after three 
crystallisations of the product from alcohol, the hydroxy-acid, m. p. 260°, undepressed on 
admixture with the hydroxy-acid obtained either by method (a) or by the ozonolysis of keto- 
lupenyl acetate. [a]}’ — 23° (c = 1-8 in pyridine). Acetylation gave the acetate-acid, m. p. 
261—262° (decomp.), indistinguishable from an authentic specimen. 


Our thanks are due to Professor I. M. Heilbron, D.S.O., F.R.S., for his interest and 
encouragement, and to the Rockefeller Foundation for financing this investigation. The 
spectroscopic determinations were carried out in this Department by Mr. R. H. Kerlogue. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [Received, July 22nd, 1940.) 





254. Mechanism of Polymerisation. Part VI. Heat Polymerisation 
of Methyl Sorbate, and the Constitution of the Dimeric Products. 


By Ernest HAROLD FARMER and COLIN R. MORRISON-JONEs. 


When heated to 230° in the absence of air, methyl sorbate gives a mixture of low- 
molecular polymerides consisting mainly of dimerides and trimerides. The dimeric 
portion has been found to consist in part of the esters of three, or possibly four, diffi- 
cultly crystallisable dimerides of sorbic acid, but principally of the ester of a liquid 
acid which itself doubtless consists of one or more additional dimeric forms. 

The structural character of three homogeneous crystalline dimeric acids las been 
determined, and. all three acids have proved to be dialkyleyclohexenedicarboxylic 
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acids. The liquid dimeric acid, which has been little investigated, is probably closely 
related to the solid acids in constitution. 


In the expectation of obtaining butadienoid hydrocarbons Doebner (Ber., 1902, 35, 
2129; 1907, 40, 146) distilled several diene acids of the formula R-CH:CH-CH:CH-CO,H 
(R = H, Me, Ph) with anhydrous barium hydroxide. The distillates were not butadienes, 
but stable unreactive hydrocarbons apparently of formula CgH, Rg, all doubtless derived 
by decarboxylation of the dimerides of the respective acids. Kuhn and Deutsch (Ber., 
1932, 65, 43) have since repeated Doebner’s work with two of the acids (R = H, Me), 
and have shown that the products are not homogeneous, but consist in each case largely 
of a hydrocarbon of the formula C,H,R,; and they have recognised that the volatile pro- 
ducts from §-vinylacrylic acid and sorbic acid are ethylbenzene and o-propyltoluene 
respectively, these being formed presumably by polymeric addition reactions of Diels— 
Alder type, followed (under the drastic conditions of the reaction) by dehydrogenation 
and decarboxylation of the adducts : 


CHX CHX 


“4 om 
¢ 4 CHX a CH CHX —2H 
4 CH-CH:CHR 7 CH-CH:CHR H,-CH,R 
‘CHR CAR 
(X = CO,H) 

A knowledge of the course of heat polymerisation in the simplest conjugated and 
unconjugated polycarboxylic acids has been of considerable interest in connexion with 
the determination of the polymerisation mechanism of the various types of drying oils, 
especially those of heat-treated or ‘‘ thickened ”’ drying oils, and in the present paper 
the result of heating a conjugated acid, viz., sorbic acid, in the form of its methyl ester 
is described. 

Polymerisation of methyl sorbate was found to occur readily when it was heated in 
carbon dioxide at atmospheric pressure between its boiling point (180°) and 230°. In 
the course of several hours’ heating the ester thickened to give a viscous oil, which by 
fractional distillation at reduced pressure could be cleanly separated into monomeric, 
dimeric, and higher polymeric fractions. The last of these fractions (13% of the whole), 
a very viscous material, although doubtless capable of being separated into its polymeric 
grades by evaporative distillation, has not yet been closely investigated: the lower- 
boiling portion of it, however, definitely consisted of trimeric material, and the molecular 
weight of the whole fraction was such that only a small percentage of it could have been 
composed of tetrameric or higher-molecular material. The monomeric material recovered 
after the heat-treatment (6% of the whole) was not homogeneous: it consisted very 
largely of unchanged sorbic ester, but some small proportion of it had undergone heat 
alteration of a type which has not been determined. 

Distillation of the dimeric portion (81% yield) showed it to be heterogeneous, but very 
prolonged efforts to separate the components by using columns of different types proved 
abortive, and, of course, fractional evaporative distillation was unavailing owing to the 
isomeric character of the components. The best result finally obtained came from the 
systematic fractionation of large stocks of the dimeric fractions at 3-5 mm. pressure under 
jacketed Dufton-type columns fitted for close reflux control. In this way two constant- 
boiling mixtures (A) and (B) were separated from the main bulk of material, and these, 
unlike the unfractionated dimeride, gave some proportion of solid acid on hydrolysis. 

The mixture (A) absorbed 2 mols. of hydrogen on reduction, and showed the normal 
molecular refraction for a diene. It gave on hydrolysis with alkali an acid mixture con- 
taining three distinct crystalline acids (m. p.’s 216°, 210°, and 191°) and a fourth crystalline 
acid (m. p. 164—169°) isolated in very small yield and in doubtfully homogeneous con- 
dition, and over and above these a semi-resinous acid which accounted for 75—80% of 
the total hydrolysis product. The main structural characteristics of the first three acids 
have been determined, but the last two require further investigation. 
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The three pure acids have been found to be monocyclic, dibasic, diolefinic acids, each 
having the formula C,,H,,0,; moreover, one double bond in each of these acids is with 
little doubt endocyclic and the other extracyclic, since the two double bonds in each 
undergo reduction at greatly different rates. The saturated reduction product from each 
of these dimeric acids is heterogeneous, being composed of a mixture of crystalline isomerides 
in which one acidic form greatly preponderates. 

Dimeric Acid, m. p. 216°.—Dehydrogenation of this substance with selenium or palladised 
charcoal proceeded readily at 200—300°, the product with either reagent being an acid, 
Cy.H,,0, (m. p. 178°), which gave mellophanic acid (benzene-1 : 2 : 3 : 4-tetracarboxylic 
acid) on vigorous oxidation with permanganate. In one dehydrogenation experiment, 
however, there was found, accompanying the usual product (m. p. 178°), a second acid, 
and this gave by oxidation and subsequent esterification a tetramethyl ester, C;,H,,Og, 
which differed in composition from methyl mellophanate by the (additional) elements CO. 

It is thus clear that the dimeric acid of m. p. 216° is a cyclohexenic compound having 
with reasonable certainty groups attached at 1 :2:3:4-positions in the ring. Now the 
four structures (I)—(IV), products of a Diels-Alder type of dimerisation, would all 
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(I.) (I1.) (I11.) (IV.) 

normally give mellophanic ester if dehydrogenated and then oxidised; all, moreover, 
would contain one endocyclic and one extracyclic double bond. Discrimination between 
substances having these structures might be expected to be achieved by means of oxidation 
with permanganate, but this expectation would be diminished if the ring double bond 
were displaced towards either the methyl group or the carbonyl group, owing to the 
strong tendency which the molecule would then show to break down progressively under 
oxidation (or even by hydrolysis after the initial stage of oxidation had occurred) to 
oxalic acid, acetic acid, and carbon dioxide. Actually, the dimeride of m. p. 216° gave 
oxalic acid progressively throughout its oxidation with permanganate, and this, together 
with acetic acid, were the only products of reaction; if, however, the oxidation were 
interrupted and the intermediate products heated at 100° in acid solution much oxalic 
acid was formed by hydrolysis. Clearly then the ring double bond was not in the position 
shown in formule (I)—(IV). 

Ozonolysis of solutions of the dimeric acid, followed by oxidation of the derived 
aldehydes with permanganate, gave usually only acetic acid, but eventually under different 
conditions very small yields of oxalic acid and a pentanetricarboxylic acid, m. p. 155°, 
were obtained. The latter acid was identified by synthesis as §-methylbutane-«fy-tri- 
carboxylic acid, but its isolation did not fix the constitution of the dimeride; it was dis- 
covered, however, that by ozonising the solid acid in suspension in chloroform and oxidisin 
the hydrolysed ozonide with permanganate the products were then acetic acid (0-61 mol.), 
oxalic acid (a trace), and a tetracarboxylic acid, C,H,,0,, m. p. 169° (0-5 mol.), which 
lost carbon dioxide on heating to give the above-mentioned §-methylbutane-a«fy-tri- 
carboxylic acid. Finally, it was found that a crystalline anhydride could readily be 
formed from the dimeric acid, so serving to confirm the presence of the two carboxyl 
groups on adjacent carbon atoms of the ring. The structure of the dimeric acid could 
then only be that shown in (V), and the tetrabasic oxidation acid was accordingly 6-methyl- 
butane-ay88-tetracarboxylic acid. 
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It is clear from the above that the dimeric acid gave methylpropylphthalic acid (VI) by 
dehydrogenation, and mellophanic ester by oxidation of (VI), followed by esterification ; it 
gave also by dehydrogenation an acidic by-product which could be converted by oxidation 
and subsequent esterification into an ester richer than mellophanic ester by the elements 
CO. It seems probable that the ester was methyl 3-oxalylbenzene-1 : 2 : 4-tricarboxylate (as 
VIII), arising through the formation and oxidation of an indene derivative (VII). 

Dimeric Acid, m. p. 191°.—This dimeric acid gave the same end-products as did the 
foregoing acid when degraded by permanganate and by ozonolysis, but unlike that acid 

it did not yield an anhydride with acetyl chloride. On dehydrogen- 

Me ation it gave no recognisable amount of any aromatic acid; on the con- 

O,H trary it gave a hydrocarbon C,H,°C,H,, which in turn yielded isophthalic 

\ H.CHMe acid when energetically oxidised with permanganate. Thus the two 

0.H original carboxyl groups of the dimeride had become eliminated during 

ag (IX.) dehydrogenation, and the alkyl groups forming the side chains were 

; clearly in meta-positions in the ring. These facts together showed that 

the constitution of this dimeric acid was (IX), the dehydrogenation product being 
m-propyltoluene. 

Dimeric Acid, m. p. 200°.—Catalytic hydrogenation of this dimeride gave a mixture of 
.tetrahydrides, but largely a crystalline acid, m. p. 164°, which proved to be identical 
with one of the two solid tetrahydrides derived from the dimeric acid, m. p. 191°. Con- 
sequently, this dimeric acid (m. p. 200°) resembles its isomeride of m. p. 191° (IX) in 
essential structure, and differs from it either in the position of a double bond (doubtless 
the ring double bond) or by cis-trans-stereoisomerism. Which of these possibilities is 
correct has not been determined, but prolonged boiling of the dimeride with potassium 
hydroxide failed to promote conversion (af, By) into its isomeride of m. p. 191°, so that 
its representation by the #y-double-bonded formula corresponding to (IX), #.e., (II), 
seems unlikely to be correct. 

Liquid Dimeric Acid.—This major product of the dimerisation reaction, doubtless 
still containing small amounts of the foregoing crystalline acids, has only been super- 
ficially investigated, and it is therefore uncertain whether, apart from the residual traces 
of the crystalline acids, it represents one, or more than one, dimeric form. The fact that 
this form of the dimeride is liquid, or at least very slow to crystallise, does not (in the 
light of experience with other isomeric dimerides) by any means necessarily denote a 
departure from the cyclohexenic constitution; and indeed, such preliminary oxidation 
experiments as we have carried out indicate that it has such a constitution. 

The constant-boiling mixture (B) also gave risé on hydrolysis to small amounts of 
one or more of the foregoing crystalline dimeric acids, but the major portion of the 
hydrolysis product was a liquid acid which has not been closely examined. 

With regard to the mechanism of formation of the cyclohexenic dimerides the striking 
feature of the results is the addition of the CH:CH-CO group of one reacting molecule 
across the terminals of the usually strongly polarised diene system CH,-CH:CH-CH-CH 
in both of the possible directions. It is not surprising, in view of the ease with which 
Diels-Alder reactions are normally effected, that the CH:CH-CO: group rather than the 
CH,°CH:CH: group of sorbic acid functions as the reactive part of the addendum molecule, 
but the results above described make it clear that, if the initial molecular activations are 


strictly polar in character, then both of the polarised forms CH,: ‘CH: CH-CH:CH-CO and 


CH, -CH:CH:CH: ‘CH: CO must be available at the moment of reaction and participate 
in the additiori. This being so, it seems likely that the course of reaction in this thermal 
polymerisation is dependent on the formation of free-radical forms of the monomeric 
molecules rather than polar ones, and follows essentially the course : 


c=ct—€é + €—t—cae —> Coe + > 
'  cac-é—c—c—c=c—eé —> ai eee 
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It may well be, then, that othef dimeric forms derived by addition of the CH,°CH°CH- 
unit of one sorbic acid molecule to the terminals of a second molecule are contained in 
the unidentified portion of the polymerisate. 


EXPERIMENTAL. 


Polymerisation of Methyl Sorbate by Heat.—Pure methyl sorbate (b. p. 69°/12 mm.; m. p. 
4—5°; ni® 1-5066; di® 0-9620; [Rz]p 38-95, & 3-70) was heated in quantities of about 400 c.c. 
in a flask fitted with a gas inlet-tube, a Liebig condenser, and a thermometer dipping into 
the ester. Before the reaction was started, the air in the flask was displaced by carbon dioxide, 
and throughout the reaction a slow stream of this gas was bubbled through the éster. At 
first the flask was heated fairly rapidly but afterwards, when the ester began to boil (about 
180°), heating was moderated. After 3 hours the contents of the flask had reached 230—235°, 
and by this time ebullition had ceased. The polymerised ester was allowed to cool in an 
atmosphere of carbon dioxide : it formed a yellow viscous oil smelling faintly of methyl sorbate. 

Fractionation.—The first stage consisted in a rough separation of the polymerised ester into 
monomeric, dimeric, and mixed higher polymerides by fractional distillation at 3 mm. When 
the heat treatment had lasted 3} hours (as above) there was 6% of monomeric material (b. p. 
below 110°), 81% of dimeric material (b. p. 110—150°), and 12% of a viscous oily residue 
which was mostly trimeric (M, in benzene, 351. Calc.: 378). When the total period of 
heat treatment was 2} hours, the proportions of monomeric, dimeric, and crude trimeric 
material were 14, 75, and 10% respectively. Although a pure trimeric fraction could doubt- 
less have been isolated from the crude trimeric portion by evaporative distillation, we were 
unable to undertake this work. 

The monomeric fraction (M, in benzene, 121. Calc.: 126), smelling strongly of methyl 
sorbate, was a mobile yellow oil. It probably consisted mainly of methyl sorbate and readily 
gave a good yield of addition product with maleic anhydride; the somewhat inconstant b. p., 
however, indicated that the material was not entirely homogeneous. 

The dimeric fraction was a fairly viscous colourless oil. Preliminary fractionation showed 
it to be a complex mixture of isomerides. A batch of 335 g. was therefore divided into 72 
fractions in two successive fractional distillations at 3 mm., an Adams flask surmounted by a 
10-inch Dufton column being used and the course of each distillation being followed by drawing 
refractive index—mass curves. The portions corresponding to the flats of the various curves 
were separately refractionated at 0-2 mm., a vacuum jacketed 22-inch column (}-inch diameter) 
with nichrome wire spiral, and a reflux ratio of 40 being used. The voluminous physical 
data accumulated in the various fractionations are omitted, but the curves indicated that 
certain fractions were alike in being composed of one apparently homogeneous dimeric ester, 
whilst another set of fractions were composed of a second dimeric ester. Investigation, how- 
ever, of the hydrolysis products of these two materials showed that both were heterogeneous 
and were indeed no more than constant-boiling mixtures of dimerides. Nevertheless, their 
isolation led directly to the isolation of solid dimeric acids by hydrolysis. The first of these 
mixtures (Mixture A) had di® 1-062; ni® 1-47806; [Rz,]p 67-07 (Calc. for C,,H,,0O,: 67-03), 
and the second (Mixture B) had n}¥" 1-49063. Ata rough estimate the proportion of Mixture A 
(including fractions with refractive indices between 1-47720 and 1-47870) is 13%, and that of 
Mixture B (including fractions with indices above 1-49000) is 12% of the total dimeric material. 

Constant-boiling Mixture A.—Hydrogenation. This héterogeneous dimeric ester absorbed 
2-0 mols. of hydrogen (Adams’s catalyst) in 8 hours. The éetrahydride was a colourless oil 
having b. p. 82—82-5°/0-1 mm., li" 1-4594—1-4602, but consisting mostly of material having 
nil” 1-4598, n}J° 1-034, [Rz]p 67-82 (Calc.: 67-96) (Found: C, 65-65; H, 9-35. CHO, 
requires C, 65-60; H, 945%). 

Hydrolysis. The Mixture A was heated in a steam-bath for 20—30 mins. with 10 times 
its weight of methyl-alcoholic potash. A solid potassium salt separated from the hot solution 
and gave on acidification an acid, m. p. 200—205° (5—9% yield). The filtrate yielded, on 
being worked up in the usual way, a pale yellow resinous acid which, after being dried over 
phosphoric oxide in a vacuum and taken up in benzene—petroleum, deposited a mixture of 
acids of m. p. 165—185° in the course of a few days (yield 12—15%). From the mother- 
liquor a considerable amount of a yellow oily acid was obtained by evaporation, and this 
deposited a little more of the solid mixture of acids but for the most part remained liquid. The 
constitution of this major (liquid) constituent of the mixed dimeric acids has not been determined. 

The solid acid, m. p. 200—205°, was recrystallised 5 times (with 50% loss) from aqueous 
acetic acid or aqueous methyl alcohol and then gave short, thick, colourless needles, m. p.-216° 
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(with anhydride formation). This acid alone of the dimeric acids here described could be isolated 
(via the potassium salt) in nearly pure condition directly, after hydrolysis, from the once- 
fractionated dimeric ester. It was 1-methyl-2-propenyl-A‘-cyclohexene-3 : 4-dicarboxylic acid 
(Found: C, 64-2; H, 7-15; equiv., 111-7; M, in acetic acid, 220. C,,H,,O, requires C, 64-2; 
H, 7:2%; equiv., 112-1; M, 224-2). 

Exhaustive fractional crystallisation from ether—petroleum of the solid residues left after 
separation of the acid, m. p. 216°, gave an isomeric dimeric acid, m. p. 200° (0-5% yield). 
This acid was, however, better obtained when Mixture A (10 g.) was refluxed for 16 hours 
with potassium hydroxide (5 g.) dissolved in 10 c.c. of water and 50 c.c. of methyl alcohol, 
and the resinous mixed acid so produced (freed from unhydrolysed material) directly taken 
up in ether, and the resulting solution rendered turbid with petroleum and afterwards allowed 
to stand for several weeks. The crystals deposited melted at 165—180°, and gave after repeated 
crystallisations, first from purified ethyl acetate and then from ether—petroleum, 0-7 g. of 
acid, m. p. 200°. Mixed m. p. with dimeric acid of m. p. 216°, 175—185°, and with dimeric 
acid of m. p. 191° (see below), 162—170°. This acid, 1-methyl-3-propenyl-A'-cyclohexene- 
2: 4-dicarboxylic acid (Found: C, 64-0; H, 7-3; equiv., 111-5. C,,.H,,O, requires C, 64-2; 
H, 7:2%; equiv., 112-1), dissolved in boiling water and was sparingly soluble in ethyl acetate 
and in ether; its potassium salt was soluble in methyl alcohol. 

The mixed acids, m. p. 168—185°, from the methyl alcohol-soluble potassium salts when 
fractionally crystallised from purified ethyl acetate or from ether—petroleum yielded opaque 
or transparent prisms, m. p. 191° (mixed m. p. with dimeric acid of m. p. 216°, 165—175°). 
This acid, 1-methyl-3-propenyl-A‘-cyclohexene-2 : 4-dicarboxylic acid, dissolved sparingly in 
ether and ethyl acetate but not in chloroform or cold water (Found : C, 64:25; H, 7-25; equiv., 
111-1; M, in benzene, 230. C,,H,,O, requires C, 64-2; H, 7:°2%; equiv., 112-1; M, 224-2). 

By repeated fractional crystallisation from ethyl acetate and from ether—petroleum of the 
solid residues from the acid, m. p. 191°, a further amount of the latter acid was first obtained, 
and ultimately an acid, m. p. 164—169°, which could not be subdivided by further crystal- 
lisation. This acid appeared to represent a fourth crystalline dimeric acid, but its homo- 
geneity has not been adequately confirmed or its constitution determined (Found: C, 64-1; 
H, 7-1%). 

Constant-boiling Mixture B.—This mixture (3 g.) was hydrolysed by refluxing for 30 mins, 
with 1-5 g. of potassium hydroxide dissolved in 40 c.c. of methyl alcohol. The product did 
not deposit a crystalline potassium salt but, on being worked up, yielded a resinous acid which 
swelled to a brittle froth when dried over phosphoric oxide in a vacuum, but congealed to a 
hard mass in moist air. When the dry acid was dissolved in benzene, and the solution diluted 
to the point of turbidity with petroleum, it deposited over several weeks crystals, m. p. 169— 
184°. These were found by slow recrystallisation from ether—petroleum to contain a little of 
the dimeric acid (0-1 g.) of m. p. 216°, but the nature of the major portion has not yet been 
determined. 

The dianilide derived from Mixture B by interaction with anilinomagnesium bromide was 
partly solid and partly liquid. The solid portion separated from boiling methyl alcohol in fine 
needles, m. p. 288—290° (decomp.) (Found: C, 76-65; H, 6-95. C,,H,,O,N, requires C, 76-95; 
H, 7:0%). This, however, could not be hydrolysed by prolonged boiling with methyl-alcoholic 
potash. 

Dimeric Acid, m. p. 216°.—Hydwogenation. The acid, dissolved in 90% alcohol, absorbed 
in contact with Adams’s catalyst 1 mol. of hydrogen rapidly, and a second mol. slowly (Found : 
0-982 mol. and 1-994 mols. respectively). The reduced acid slowly solidified, and after recrys- 
tallisation from ether—petroleum formed colourless prisms, m. p. 188° (Found: C, 63-25; 
H, 8-85. C,,H,.,.O, requires C, 63-1; H, 8-85%). This was 1-methyl-2-propylcyclohexane-3 : 4- 
dicarboxylic acid. The mother-liquors contained a second acid (m. p., in crude form, 154— 
159°) which has not been further purified or examined. 

Anhydride. .Refluxed for 6 hours with acetyl chloride (25 c.c.), the dimeric acid (2 g.) 
gave an oily anhydride which solidified slowly when kept in a vacuum desiccator over potassium 
hydroxide and phosphoric oxide. The solid (l-methyl-2-propylcyclohexane-3 : 4-dicarboxylic 
anhydride) crystallised from ether—light petroleum in leaflets, m. p. 84°, or very slowly from the 
same solvent in needles, m. p. 84° (Found: C, 69-65; H, 6-65. (C,,H,,O, requires C, 69-85; 
H, 6-85%). When boiled with water for a few minutes the anhydride reverted to the original 
acid, m. p. 216°. 

Dehydrogenation. When heated for 18 hours in a carbon dioxide atmosphere with an 
equal weight of selenium, the acid (2 g.) underwent smooth dehydrogenation. In the early 
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stages the anhydride of the acid (m. p. 84°) refluxed up the condenser; ultimately a brown oil 
was formed which, by extraction with ether and subsequent boiling with water (to convert 
anhydrides into acids), yielded an oil which slowly solidified when left over phosphoric oxide 
in a vacuum desiccator. The solid acid so obtained was triturated with cold benzene-light 
petroleum and crystallised from the same mixed solvent; it formed fine white prisms, m. p. 178° 
(with anhydride formation); yield: 0-7 g. (Found: C, 64-8, 64-75; H, 6-45, 6-35; equiv., 113-4. 
C12H,,O, requires C, 64-8; H, 6-35%; equiv., 111-1). The same acid (m. p. 178°) was obtained 
when the dimeric acid was dehydrogenated at 290—305° for 6 hours in presence of 5% palladised 
charcoal, 

Oxidation of the dehydrogenation product. The acid (0-4 g.) was refluxed with 100 c.c. of 
5% aqueous permanganate for 18 hours, and the solution decolorised with the minimal amount 
of sulphur dioxide. The aqueous product, after acidification with hydrochloric acid, gave 
on continuous extraction with ether (16 hours) an acid, m. p. 224—227° (decomp.). This 
acid, which was almost insoluble in dry ether, could not be purified by recrystallisation : it 
was accordingly esterified at 0° in ether—methyl alcohol solution with diazomethane. The 
ester, when freed from solvent and triturated with a little cold methanol, solidified; the solid 
crystallised from methyl alcohol in fine needles, melting constantly at 129—130°. This ester 
was tetramethyl mellophanate (mixed m. p. with authentic specimen of m. p. 129—131°, 
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129—131°). In contact with air both the new and the authentic specimen acquired a faint | 


purple colour. 

When the crude selenium dehydrogenation product (see above) was extracted with ether, 
and the ethereal extract refluxed over sodium, a sodium salt separated. The salt gave on 
acidification and decolorisation with charcoal a crude crystalline acid, m. p. 167—169°. When 
this acid, without further purification, was oxidised with boiling permanganate solution as 
above, it gave an acid, m. p. 212—216° (decomp.); this product on esterification with diazo- 
methane gave an ester, m. p. 97—99°, which by fractional crystallisation from methanol was 
resolved into (1) an ester, m. p. 102° (colourless prisms), and (2) methyl mellophanate, m. p. 
128—130°. The ester, m. p. 102°, had the empirical formula C,,H,,0,, and appeared to be 
methyl 3-oxalylbenzene-1 : 2 : 4-tricarboxylate (as VIII) (Found: C, 53-5, 53-3; H, 4-15, 4-3. 
C,5H,,O, requires C, 53-2; H, 4-15%). 

Ozonolysis. When ozonised in purified ethyl acetate, the dimeric acid (2 g.) gave a syrupy 
ozonide. This was warmed with water (30 c.c.), and the product first basified with sodium 
carbonate * and then oxidised at 0° with 5% permanganate solution (40 c.c.). The oxidation 
liquor was just decolorised with sulphur dioxide, then acidified, and finally continuously 
extracted with ether for 24 hours. The extract on removal of ether and distillation gave 
(1) acetic acid, isolated as silver salt (colourless needles, 0-25 mol. Found: Ag, 64-2. Calc. : 
Ag, 64-6%), (2) a trace of oxalic acid, m. p. 101°, and (3) an oily acid which after standing 
for several weeks over phosphoric acid largely solidified. This last acid, which crystallised 
in characteristic colourless prisms, m. p. 155°, from chloroform-light petroleum, was identified as 
p-methylbutane-wy8-tricarboxylic acid (mixed m. p. with authentic acid t of m. p. 155°, 155°; 
mixed m. p. with authentic a-ethyltricarballylic acid{ of m. p. 156°, 138—142°) (Found: 
C, 47-4; H, 5-8; equiv., 68. . Calc. for CsH,,0,: C, 47-05; H, 5-95%; equiv., 72). 

When the finely-powdered acid (1-65 g.) was ozonised for 3 hours in suspension in chloro- 
form, a solid ozonide was formed as a flocculent precipitate. This was rapidly removed, dissolved 
in water (30 c.c.), and freed from unchanged acid (0-05 g.) by filtration. The aqueous filtrate 
was neutralised with sodium carbonate and oxidised at 0° with 5% permanganate solution 
(28 c.c.). The product yielded acetic acid (isolated as silver acetate, 0-61 mol.), a little oxalic 
acid, and an oily polybasic acid. The last largely solidified on standing over phosphoric oxide 
in a vacuum desiccator; the solid (0-65 g.) was recrystallised (with difficulty) first from ether— 
benzene and then from ether—benzene—petroleum. It melted with loss of carbon dioxide at 
169° (Found: C, 43-45; H, 4-8; equiv., 62-9. C,H,,O, requires C, 43-5; H, 4-9%; equiv., 
tetrabasic, 62-0). The product formed when this acid was heated at 180° for a few minutes 
was a yellow oil which, when left in solution in chloroform-light petroleum, gave very slowly 
the characteristic crystals of §-methylbutane-xy8-tricarboxylic acid, m. p. 155°. The tetra- 
basic acid, m. p. 169°, was thus B-methylbutane-ay88-tetracarboxylic acid. 

Oxidation with permanganate. A solution of the acid (2-5 g.) in water (20 c.c.) was just 

* If the solution was made strongly alkaline with potassium hydroxide, the yield of acetic acid was 
reduced, that of oxalic acid was increased, and no methylbutanetricarboxylic acid at all was obtained. 

t+ Synthesised by the method of Hope and Perkin, J., 1911, 99, 766. 

t Synthesised by the method of Jowett, J., 1901, 79, 1348. 
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neutralised with sodium carbonate and oxidised at 0° with 5% potassium permanganate 
(230 c.c. decolorised). The product was filtered, and the filtrate and manganese mud washings 
rendered faintly acid and then concentrated on a steam-bath. The concentrate was con- 
tinuously extracted with ether for 24 hours, but the extract yielded only some acetic acid 
(much had evaporated during the concentration) and oxalic acid (0-52 g.). 

A similar experiment, in which the oxidation liquor was freed from manganese mud by 
sulphur dioxide, and the cold dilute acidic liquor immediately extracted with ether, gave 
0-26 mol. of acetic acid and a mere trace of oxalic acid. Hence, in neither experiment did any 
tribasic acid survive, and the oxalic acid was evidently formed readily by hydrolytic fission of 
the oxidised dimeride. This behaviour agrees with that to be expected from a dimeride of 
formula (V). 

Dimeric Acid, m. p. 191°.—Hydrogenation. The acid, dissolved in alcohol, absorbed 2 mols. 
of hydrogen (Found: 1-99 mols.) in presence of Adams’s catalyst, but the difference in the 
rate of absorption of the first mol. and the second was less marked than with the preceding 
dimeride. The oily tetrahydride slowly solidified: it formed colourless prisms, m. p. 164°, 
from ether—light petroleum (Found : C, 63-15; H, 8-9. C,,H,,O, requires C, 63-1; H, 8-85%), 
and was 4-methyl-2-n-propylisophthalic acid. The evaporated mother liquors yielded a second 
(crude) acid, m. p. 145—150°, which has not been examined. 

Action of acetyl chloride. When the dimeric acid was boiled with excess of acetyl chloride 
for 6 hours the product consisted of unchanged acid and an unsolidifiable oily material from 
which no anhydride could be isolated. 

Dehydrogenation. When dehydrogenated by heating with selenium under the conditions 
described above, the dimeride showed no signs of passing first into its anhydride. After the 
heating had continued for 18 hours at 210—-220°, the product was a brown mobile liquid which 
when worked up and distilled gave a colourless mobile fraction, b. p. 170—190°. This product 
gave on oxidation with excess of boiling permanganate a white acidic powder, m. p. 324—328° 
(decomp.), which was recognised as crude isophthalic acid; the methyl ester of this acid, 
formed by the action of ethereal diazomethane, crystallised from alcohol in fine needles, m. p. 
65—66° (mixed m. p. with authentic ester, 65—66°). 

Ozonolysis. The finely-powdered acid was ozonised in chloroform at 0° for 14 hours. The 
solid ozonide was filtered off, dissolved in water, and a small residue of unchanged acid filtered 
off. The neutralised aqueous filtrate was oxidised at 0° with 5% permanganate, and the 
product worked up as before. Acetic acid was isolated in the form of silver acetate (0-34 mol.), 
and from the residue a polybasic acidic oil was obtained which was crystallised by dissolving 
it in benzene containing a trace of ether and keeping the solution for several days. The crystals 
after being twice recrystallised from benzene-light petroleum melted at 169° (decomp.) and not 
only gave no depression of m. p. with the B-methylbutane-ey88-tetracarboxylic acid of m. p. 169° 
obtained by ozonolysis of the dimeric acid of m. p. 216°, but like this acid of m. p. 169° readily 
underwent decarboxylation at 180° to give B-methylbutane-cy8-tricarboxylic acid, m. p. 155° 
(mixed m. p. 155°). The crystallisation liquors yielded a little oxalic acid, m. p. 101°, on 
dilution with’ petroleum. 

Oxidation with permanganate. Oxidation at 0° with 5% aqueous permanganate proceeded 
similarly to that observed with the dimeric acid of m. p. 216°, and the (progressively produced) 
products were again acetic acid and oxalic acid unaccompanied by a solid polybasic acid. 

Dimeric Acid, m. p. 200°.—Hydrogenation. The acid, dissolved in ‘alcohol, absorbed 2 mols. 
of hydrogen (Found : 2-0 mols.) in presence of Adams’s catalyst. The tetrahydride crystallised 
in colourless prisms, m. p. 164°, from ether—petroleum, and proved to be identical (mixed 
m. p. 164°) with the hydrogenation product of the same m. p. derived from the dimeric acid 
of m. p. 191°. 

Action of alkali. In order to determine whether this dimeric acid was a fy-isomeride of the 
dimeric acid of m. p. 191°, it was heated for 12 hours with excess of 10% methyl-alcoholic 
potash to induce equilibration. No isomerisation occurred. 

Action of hydrochloric acid. The dimeric acid was heated with concentrated hydrochloric 
acid for 10 hours in a sealed tube at 160° to induce cis-trans-isomerisation. Much carbonis- 
ation occurred, but no isomeric acid could be isolated. 


We thank Imperial Chemical Industries Ltd. for a grant which has enabled one of us 
(C. R. M.-J.) to take part in this work. 
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255. Absorption Spectra of Hydroxy-aldehydes, Hydroxy-ketones, and 
their Methyl Ethers. 


By R. A. Morton and A. L. StuBBs. 


The ultra-violet absorption spectra of o-, m-, and p-hydroxy-aldehydes, hydroxy- 
ketones, and their methyl ethers are described and discussed. The spectra are 
dominated by absorption maxima which are benzenoid in origin but show considerable 
displacements. Selective absorption undergoes second-order modifications when y 
hydrogen-bond formation and interaction between hydroxylic solutes and polar ' 
solvents occur. ; 






THE interpretation of ultra-violet absorption spectra for the larger polyatomic molecules | 
in solution or in the state of vapour is not easy. This applies not only to such vibrational , 
and rotational fine structure as is ascertainable within a broad electronic band, but also to 
unresolved selective absorption, the problem being to determine the site of the main 
electronic process concerned in the act of absorption. Perhaps the safest approach is still 
the study of groups of structurally related compounds, with a view to achieve a more 
convincing correlation between broad absorption bands and chromophoric groups. The 
most significant result is the recognition that quite large displacements of selective absorp- 
tion may occur without affecting the basic electronic process. Such displacements imply 
that the “ environment” of simple chromophores (C—O, C—C, or -N=N-) polarises 
valency electrons in such a way that electronic processes, which in the simpler molecules 
(e.g., in CH,°CO-CH,) require large quanta, may come to require smaller quanta (e.g., in 
CH,°CO-CH:CMe,). The term “environment” must include (a) intramolecular factors 
such as those arising from conjugation of double bonds, substitution in the benzene 
ring, and hydrogen-bond formation, (6) intermolecular forces such as association in 
all its aspects and solvent-solute interactions, including those involving changes in py 
value. ; at 
One of the major difficulties in dealing with solution spectra has been the doubt whether FT 
the wave-length of maximum absorption in broad electronic bands possesses any funda- 
mental significance. In the absence of a more precise datum, however, it is best to assume ry 
provisionally that Amax, is an indication of the size of the quantum concerned in the if 
electronic process and of the most probable vibrational change. | 
We now submit data for simple hydroxy-aldehydes and hydroxy-ketones and consider i 
them from the point of view that widely different absorption spectra can be assembled in 
an orderly way if it be accepted (i) that a very limited number of essentially similar 
electronic processes occur, (ii) that changes in the “ environment ” of the simple chromo- 
phores result in discontinuous displacements of 1,,,,. (and therefore discontinuous changes 
in the energy requirement for a given electronic process), and (iii) that these discontinuous 
displacements correspond in the main with simple “ vibrational ” quanta. 
A convenient notation for specifying the presumed site of the electronic process corre- 
sponding with a given absorption band is as follows. If it is argued that an absorption 
band in benzaldehyde is characteristic of the benzoyl group, but the electron affected appears 


to be located in the carbonyl group, the chromophore may be written as C,H,—C=0, 


* 
whereas, if it appears to be located in the benzene ring, the notation is C,H,—C—O. 
The asterisk indicates the site of the act of absorption and at the same time implies that 
the characteristic absorption of the simple chromophore has been influenced by the 
conjugation existing in the complex chromophore. 

The Phenyl Chromophore.—Benzene itself, in hexane solution, shows a group of eight 
narrow bands between 2300 and 2700 A., the value of ¢,,,. varying from about 60 to 300. 
The subdivision into narrow bands being neglected, the value of Ana. for the envelope may 
be taken as about 2550 A., with log ¢,,,,. 2°48. There is also a region of more intense selective 
absorption near 1900 4., with log ¢,,,,, about 4-0. The whole spectrum characteristic of 
benzene, free from the influence of substituents, differs from that exhibited by molecules 
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containing three conjugated double bonds in a straight chain, in that the cyclic structure 
brings about a great diminution in ema. : 


Amax., A. €max.- Amaz., A. Emax.- 
CH,[(CH:CH],°CH, 2600 ca. 8000 cycloHexadiene ............ 2600 ca. 4550 
Benzene ......ccecceeeeeeeeee 2550 ca. 230 


This makes it clear that the act of absorption in benzene is associated with (*C-C*),,., but it 
is convenient to consider the phenyl group as a distinct chromophore. 

Substitution in the benzene ring tends, in all cases, to displace the position of Ama, 
towards longer wave-lengths, at the same time bringing about an increase in ¢,,,., and in 
a large number of cases there is also diminished resolution of the band into subsidiary 
maxima. 

Introduction of transparent groups by substitution. (i) Monosubstitution. (1) Alkyl 
groups and halogens have little effect on the position and intensity of the benzenoid 
absorption, as shown by the data for the following compounds in alcoholic solution : 


Amax., A. log Emax. Amex. A. log mex. 
Benzene 2543 2-48 Chlorobenzene ............. 2640 2-51 
Toluene 2620 2-48 


The general effect is a slight displacement of A... towards longer wave-lengths and a small 
increase in intensity of absorption. (2) Certain other substituents which are, in them- 
selves, transparent in this region exert a more marked effect : 


Amax., A. log Emax.. Amax. A. log &max.. 
C,H,°CN 2700 2-90 C,H,-OH 2730 3-25 
2250 4-10 2150 4-00 
C,H,'CO,H 2670 3°25 C,H,°OCH, 2720 3-35 
2270 4-15 C,H,"NH, 2845 3-24 
2340 4-06 


The most noteworthy point is the displacement of the long-wave benzenoid band, with 
a 3- to 10-fold increase in the intensity of absorption. In addition, the short-wave 
benzenoid band has been displaced towards longer wave-lengths with apparently little 
change in intensity. There seems little doubt that both these bands must be considered 


% 
as benzenoid in origin, 7.e., the chromophore is written as C,H;—X. This leads to the 
conclusion that certain substituents, not in themselves sites of selective absorption in this 


region of the spectrum, can appreciably modify absorptive processes located in the benzene 
rin, 


(ii) Disubstitution. (1) Methyl groups and halogens, 


o-Compounds. m-Compounds. p-Compounds. 

Amax., A. logemax. Amaz.,, A- logemac. Amex, A. 10g Emax. 
C,H,Me, 2633 2-52 2652 2-49 2680 2-68 
C,H,Cl, 2696 2-56 2707 2-62 2720 2-59 
CH,°C,H,Cl 2650 2-52 2670 2-52 2770 2-71 


The effects of substitution are again small although wave-length displacements increase 
in the order 0-, m-, p-. — 


(2) Substituents which produce considerable effects in mono-derivatives : 


o-Compounds. m-Compounds. p-Compounds. 

Amaze A. log Emax. Anet. A. log-emax.- Amaz.; A. log Emax. 
C,H,(OH), 2780 3-42 3-30 2940 3-49 
C,H,(CO,H) 2810 3-09 3-05 3-18 
pe * 9740 3-01 3-11 3-24 
4-16 4-15 
C,H,(NH,) 2927 3-58 3-43 3-51 
roe as 2366 3-88 4-12 


The second group has thus less effect than the first. In all cases the wave-length 
displacement is comparatively small, and is again greatest for the p-isomerides. 
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(3) Substituents different, and when taken separately exerting considerable effects. 


o-Compounds. m-Compounds. p-Compounds. 
Amex. A- logeémax.. Amex, A. lOgemaz. Amex, A- 10g Smex- 
C,H,(OH)-CO,H 3055 3-68 2990 3-48 2547 4-20 
2360 3-95 2330 3-96 
C,H,(NH,)°CO,H 3375 3-67 3205 3-63 2890 4-30 
t 2470 3-83 ~2450 3-80 2180 3-90 
2180 4-40 2200 4-30 
C,H,(NH,)-OH 2860 3-60 2860 3-52 3015 3-43 , 
2330 3-86 2340 3-90 - 


~ denotes an inflexion in the absorption curve. 


The spectra of the hydroxyanilines are very similar to those of the corresponding 
phenylenediamines. For the hydroxy- and amino-benzoic acids, the absorption curves 
are in sharp contrast to those already discussed. In the first place, the displacement of 
the long-wave band is greatest for the o-compounds, and the increase in intensity of 
absorption is considerable. The #-derivatives show only one band and that is of very 
high intensity. The explanation of this “ para-effect ’ appears to be a large displacement 
of the short-wave benzenoid band associated with a comparatively small displacement of 
the long-wave band. This brings about superposition of the two bands, so that an 
apparently single band of high intensity is recorded. This means that in contrast with 
(1) and (2), the displacement of the long-wave benzenoid band increases in the order p-, 
m-, o-, and that of the short-wave band in the reverse order. This tendency has already 
been. noted with regard to the phenylenediamines. ~-Hydroxybenzoic acid behaves 
similarly, and its spectrum in hexane + 10% ether shows the displacement of the short- 


wave band, without complete masking of the long-wave band (Castille and Klingstedt, 
Compt. rend., 1923, 176, 749). 


Amsx, A. logemax. Amax, A- lOgemax. Amaz, A. log Emax. Amex, A- 10g Emax. 
2840 3-18 2780 3°40 2750 3-54 2525 4-18 
























h This “ para-effect ’’ is referred to later, in connection with #-hydroxy- and -methoxy- r 
. aldehydes. f 
. All three hydroxybenzoic acids also show, in hexane + 10% ether (loc. cit.), a band in : 
d the far ultra-violet : 

e o-Compound. m-Compound. p-Compound. 

is p La A. log Emax.- ) A. log Emax.- Aenez.2 A. log Emax.- 

a C,H,(OH)-CO,H 2060 4-32 2070 433 ~2100 4-06 


These bands appear to correspond to those observed in the far ultra-violet for the 
three aminobenzoic acids, and it may be suggested that they represent the selective absorp- 
tion of the carboxyl group. Simple fatty acids show strong absorption in this region, and : 
it seems possible that, although the carboxyl group has no selective absorption near ; 
2700 A., it does possess the very short-wave band characteristic of the carbonyl group. ; 

Phenyl and Carbonyl Chromophores combined.—When the phenyl and the carbonyl 
chromophore occur in the same molecule, as in benzaldehyde or acetophenone, the effects 
of the two groups are superimposed, but each absorption is modified by the proximity of : 
the other group. The spectra of acetophenone and benzaldehyde are almost identical, 
and for the purpose of correlating absorption spectra and chromophoric groups may be 1 

| 


Se ee ee 


taken as: 


Amax., A. secserecececcsccceereeee 3200 2780 2400 1990 
log Emax. See eee eee eee see eeeeneese 1-7 3-02 4-12 43 


It seems evident from its intensity that the 3200 a. band is due to the carbonyl chromo- 
phore, influenced by the phenyl group (compare the conjugation of the carbonyl group 
with the ethylenic double bond in mesityl oxide, where the carbonyl band appears at a 
3270 a. with log « = 1-6). By means of comparisons with phenol, benzoic acid, aniline, ie 
etc., it also appears highly probable that the 2780 a. band is benzenoid in origin, i.¢., the H 


chromophore is CHC, and from similar comparisons it is suggested that the 
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2400 A. band is the short-wave benzenoid band, observed at 2150 A. with log ¢ 4-0 in phenol, 
2270 a., log e 4-15 in benzoic acid, and 2340 A., log ¢ 4-06 in aniline, whilst the 1990 a. band 
corresponds. to the short-wave carbonyl absorption, observed near 1900 A., log ¢ 4-0 in 
acetone, near 2100 A., log « 4-3 in the hydroxybenzoic acids, and near 2200 A., log ¢ 4:3 in 
the aminobenzoic acids. The carbonyl group, therefore, is similar in its effect on the 
benzenoid chromophore to -OH, —CO,H, —NH,g, etc., and in addition the characteristic 
selective absorption of the carbonyl chromophore itself is superimposed. 

Hydroxy- and Methoxy-aldehydes and -ketones (Table I and Figs. 1—11).—These results 
are discussed in the following steps: (1) The identification of the sites of processes giving 


TABLE I. 
Maximum Values of 2 (in A.) and log e. 


Excess 
Hexane. Alcohol. Water. NaOH. Vapour. 
Substance. Fig. A. . A. log e. q log ¢. . A. log €. A 


NoHo 1:2~3430 ~- o 3780 3-74 3200 
CHO 3285 3: 3250 3: 3-43 «peas © 
. 2550 2550 4 4-00 . 2650 3-81 


3100 - 3195 , _ _ 
2465 , 2530 _ 


3290 
2555 
2495 


6 ~3300 
2425 
7, 8 ~3330 


3270 
2515 


3050 
2460 


SEZs 


3160 
~2930 
2540 


toe Q-l 
oO 


3- 
4: 
4: 
2- 
3- 
3- 
2- 
3- 
3- 
4: 
3 

3- 


o> 
bor) 


OH . 418 32650 


3-70 2350 
3-71 — 
OMe 


~ Denotes an inflection. f.s. Denotes fine structure. 


rise to the various absorption bands, using only the data obtained from the study of 
alcoholic solutions. (2) Audiscussion of the effects of possible hydrogen-bond formation 
on the ultra-violet absorption spectra, together with effects brought about by changing 
the type of solvent used. 

(1) By the comparison 


Amex, A. 10g Emax. Amex. A. 10g &max.- Amax., A. 10g &max.- 
Benzaldehyde 3250 1-25 2790 3-25 2430 4-2 
Salicylaldehyde 3250 3-48 2550 40 — aos 
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1351 
it would seem at first sight that the 3250 a. band of salicylaldehyde is due to a transition 
localised in the carbonyl group, since it agrees in position with the low-intensity carbonyl 

Fie. 1. 
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band of benzaldehyde. 


This view is, however, untenable in the light of the following 





OH NH, 
(0-) (0-) 

CO,H CO,H 

3055 3375 

3-68 3°67 
All these compounds show a band similar as regards both intensity and location to the 
3250 a. band of salicylaldehyde. The first three compounds, i.e., o-methoxybenzaldehyde, 
m-hydroxybenzaldehyde, and m-methoxybenzaldehyde, cannot undergo chelation, whereas 
o-hydroxybenzoic acid and o-aminobenzoic acid have no true carbonyl band in this region. 


It must therefore be concluded that the benzene ring is the site of this absorption band 

and that it corresponds in fact to the 2790 a. band of benzaldehyde displaced towards 

longer wave-lengths by the introduction of the hydroxyl group, the intensity being only 

slightly increased. This displacement is analogous to that produced by the introduction 
4U 
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of a hydroxyl group 
from 2600 to 2730 A., 
to be concluded that 


m-hydroxybenzaldehyde and o-hydroxyace 


ca 
primarily to the phenyl chromophore and may be represented as CHK 2 
C 
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for these o- and m-derivatives, although the curves show a steeply rising intensity near 
this region. ; 

It is obvious that the spectra of all the o- and m-compounds studied can be interpreted 
in general terms on the same basis, without reference to any possible hydrogen-bond 
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formation, and furthermore, these spectra reflect, in the main, the influence of substituents 
on the benzenoid absorption. The #-derivatives all show the band of high intensity which 
has already been discussed for ~-amino- and p-hydroxy-benzoic acids. As before, this 
single band is probably analogous to the 2790 a. band of benzaldehyde which is little 
affected by the introduction of p-hydroxyl, whilst the short-wave benzenoid band under- 
goes a large displacement towards longer waves, the result being a single summation band 
of high intensity. The band of high intensity observed near 2200 a. for the p-derivatives 
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apparently corresponds to the 1990 a. band of benzaldehyde and acetophenone, and is 
ascribed to the carbonyl chromophore. The low-intensity carbonyl band is observed near 
3300 A. for p-hydroxybenzaldehyde, and also for #-methoxybenzaldehyde in hexane, in 
which case the band is split into sub-maxima. Thus, as for the o- and m-derivatives, the 
p-derivatives reflect, in the main, the influence of substituents on the benzenoid absorption, 
but in contrast with the former, the principal effect is on the short-wave benzenoid band. 
Also, the carbonyl absorption is no longer masked, and both the long- and the short-wave 
carbonyl bands are observed. 

The spectra of the diacetylresorcinols,f (I) and (II), are of interest in this connection : 


OH OH 


COMe COMe 
OH 
0 


Me 
(II.) (III.) 
- logeémax.. Amax, A. log emax.. Amaz., A- 10GEmax.. Amax., A- 

Ce dee cesessccccesomece 3-81 3230 ° 3270 3-55 -— 
(b) Persistence poor 4-21 2800 , —_ —_ 2760 
CD cnc cceceecaghoonbeses 4-35 2530 , 2515 3-97 2205 
Dimethyl] ethers. Methy] ethers. 

3-66 3100 ; 3-58 - 
4-09 * 2750 — 2770 
4:08 2460 . 4-06 2190 


* Definition improved as compared with (I) and (II). 


(I) and (II) may both be considered as o-hydroxy- and p-hydroxy-acetophenone deriv- 
atives, and it is apparent in (II) and its dimethyl ether that the spectrum corresponds 
qualitatively to a summation of the curves of the o- and the #-compound (III) and (IV). 
The wave-lengths of the maxima are apparently little disturbed, but the ¢ values suggest 
that the additivity is not simple, for the maxima near 3250, 3070, and 2500 A. are con- 
‘siderably more intense. From the improvement in definition which occurs in the band 
showing a maximum at 2750 4. following methylation, the p-orientation becomes more 
significant as the possibility of chelation disappears. It is not easy to interpret the data 
for (I) in a completely convincing way, but the following approach is not unreasonable. 
Simple additivity for the o-hydroxyacetyl arrangement involves : 


Amax., A. log &max.- Amax., A. log €max.- 
3270 3-55 + 0-301 = 3-85 2515 3-97 + 0-301 = 4-27 


so that the intensities of the (a) and the (c) bands are more or less as might be expected. 
The displacements to 3375 and 2465 a. are both of the order of a vibrational quantum and 
do not weaken the ascription of (a) and (c) to the o-orientation. The maximum at 2665 a. 
is not very persistent and is probably due to a partly suppressed effect due to p-orientation. 
The striking difference between (I) and its dimethyl ether shows how methylation has 
enhanced the importance of f-orientation and diminished the part played by o-orientation. 
It a noteworthy that the (6) band is less affected by methylation than the (a) and (c) 
bands. 

Solvent Effects, and the Consequences of Hydrogen-bond Formation on Ulitra-violet 
Absorption Spectra.—It has been noted for aliphatic compounds (Morton and Rosney, J., 
1926, 706) that chelation through hydrogen coincides with an approximately 100-fold 
increase in the intensity of the carbonyl absorption band without change in 2,,,. This 
cannot be extended to the o-hydroxy-aldehydes and -ketones, but the systems are different 
in the sense that enolisation involves the introduction of a new double bond. In deter- 
mining the consequences of chelation on ultra-violet absorption spectra, comparisons should 


+ These absorption spectra were determined by Dr. W. T. Earlam, on specimens kindly supplied by 
Dr. Wilson Baker, 
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be made in hexane solution, where there is a minimum possibility of solvent-—solute 
interaction : 


Solvent : hexane. 
o-Hydroxybenzaldehyde ...........esseseeees 
o-Methoxy nd siaaniigtabins simabiate 
o-Hydroxyacetophenone ..........sesceseeeee 


o-Methoxy - Secdsihedees 

m-Hydroxybenzaldehyde (m/3000) 
” ” (™/1000) 

m-Methoxy ai = 6 Secbiveddecs bee cb 


eeeeeeeee 


The spectrum of m-hydroxybenzaldehyde (m/3000) in hexane is almost identical with 
that of its methyl ether: this is in agreement with the normal effect of methylation. On 
the other hand, salicylaldehyde and o-hydroxyacetophenone differ appreciably from their 
methyl ethers. For both bands (long- and short-wave), the hydroxy-compounds show 
Amax. appreciably nearer the long-wave end of the spectrum. m-Hydroxybenzaldehyde does 
not obey Beer’s law. Unfortunately its solubility in hexane is not much more than 
m/1000; nevertheless, on passing from a concentration of M/3000 to one of M/1000, Amax. 
is displaced towards longer waves. The only explanation of this departure from Beer’s 
law seems to be increased association of this compound in the more concentrated solution. 
This is considered to take place by a process analogous to chelation through hydrogen (Fox 
and Martin, Proc. Roy. Soc., 1937, A, 162, 419), and it is therefore suggested that both 
processes give rise to a displacement of the benzenoid absorption towards longer waves. 
Since methylation in itself is known to have little effect on the spectra, the effect of chelation 
may be taken asa displacement from An, 3100 A. for o-methoxybenzaldehyde in hexane to 
Amax. 3285 A. for o-hydroxybenzaldehyde in hexane. This corresponds with A(1/a) 1820 
cm.-}, whilst the displacement due to association, viz., 3080 to 3180 A., is only 1020 cm.". 
It must be emphasised that these displacements are not (as is the case with displacements 
due to hydroxyl in the infra-red region) measures of the energies of the bonds, but rather 
they represent a variation in the induction effects of the groups concerned upon the intrinsic 
benzenoid absorption. 

One of the primary differences between chelated and unchelated compounds is that 
the latter contain a free hydroxyl group. On the basis of the foregoing discussion, there- 
fore, unchelated compounds should show larger variations of 2,,,. on passing from a non- 
polar to a polar solvent (hexane to alcohol) whenever the possibility exists of intermolecular 
hydrogen-bond formation : 


Data for the long-wave band. 


Chelated compounds. A(1/A), cm. Chelated compounds. A(1/A), cm.-. 
o-Hydroxybenzaldehyde ............ —330 o-Hydroxyacetophenone ............ —180 


Unchelated compounds. Unchelated compounds. 


o-Methoxybenzaldehyde ............ 960 m-Hydroxybenzaldehyde 
o-Methoxyacetophenone ........:... 543 m-Methoxy benzaldehyde 


It will be seen that the displacements for unchelated compounds are appreciably greater 
and in the direction of longer wave-lengths. It must therefore be presumed that all three 
possibilities, viz., (1) chelation through hydrogen, (2) association, and (3) intermolecular 
hydrogen-bond formation, result in displacements of the benzenoid absorption towards 
longer waves, the value of A(1/2) varying for different compounds, apparently in accordance 
with the strength of the bond. 

Vapour Spectra—The only compound in this series to show highly resolved vapour 
absorption is salicylaldehyde. At room temperature the vapour pressure is sufficiently 
high for a 5-cm. layer to show the characteristic absorption. Two spectrographs have 
been used in this work : a Littrow model (Hilger El) in conjunction with a cadmium spark, 
which possesses a good continuous background, and a medium instrument (Hilger E3) in 
conjunction with a high-tension (Tesla) spark running under water between tungsten 
electrodes; 27 bands, each about 3 a. wide without rotational fine structure, were measured 
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TABLE II. 
Vapour Absorption : Salicylaldehyde. 


v, obs., v, obs., y, calc., 
A, A. cm. Series. pp. q- AA cma), cm, 
2548-21 39243-2 —- 2480-73 “7 40312-5 
2544-95 39293-5 — 2479-17 . 
2541-34 393493 — _— 2477-08 
2534-96 39448-4 39442-1 —3 2466-29 
2531-67 39499-6 39499-7 
2527-98 39557-3 39557-3 
2524-30 39614:9 39614-9 
2516-05 39744:8 39742-3 
2512-41 39802-4 39799-9 
2508-94 39857-5 39857-3 
2502-29 399634 — 
2500-36 39994-2 39984-9 
2493-81 40099-3 40100-1 
2482-23 40286-4 40285-1 


—2 2463-84 
—1 2454-18 
0 2452-79 
—2 2450-80 
—1 2438-06 
0 2432-81 “7 41097-9 
—_ 2414-39 — 
+2 —2 2412-71 ‘2 41440-5 
2 : 2410-03 41493-3 41498-1 
“be _— 


in the region 2400—2550 a. (see Table II). The bands are well accounted for by the 
expressions : 


1/2, cm.-t = 39614-9 + 242-6 + 57-6g (Series I); ~0to8; ¢0 to — 5. 
1/2, cm.-+ = 40370-1 + 242-6) + 57-6q (Series II); p 0 to 3; ¢ 0 to — 2. 


The frequency difference between the two series is 40370-1 — 39614-9 = 755-2 cm.-1. 


With the smaller spectrograph the following additional bands were detected, but were 
not quite so accurately measurable : 


A, A. 1/A, cm.-* (obs.). 1/A, cm.-* (calc.). Series. 


q 
2497-09 40046-6 40042-5 I 


-—1 
2441-22 40963-1 40955-3 
2434-75 41072-0 41070-5 0 


2428-21 41199-6 41197-9 —2 
2423-41 41264-2 41255-5 7 —1 


-2 


A 
2463-15 40598-4 40612-7 II 1 0 
6 
6 
7 


The constant frequency differences cannot be accounted for with certainty, but the 
following points are suggestive. The commonest A(1/2) value in benzene and its deriv- 
atives is about 900—950 cm.-, those for, ¢.g., benzene, phenol, and benzaldehyde being 
922, 938, and 953 cm.-, respectively. There is no evidence of such a constant frequency 
difference in salicylaldehyde vapour absorption, and the principal Raman frequencies are 
768 and 1029 cm.-1. The vapour spectrum of o-cresol (Savard, Ann. Chim., 1929, 11, 
287) exhibits vibrational fine structure associated with the long-wave ultra-violet benzenoid 
absorption : 

a) 36248 ’ A 
1/2, cm? = ni ae + 704(p _ Po) om 695 + 245(q — qo) — 489. 
(2). (6). 
gp Se are 0 to 2 
od oe —1 to 5 
of > Ge ncacduatbimiccne SaGee —2 to 2 
Go vecccvccccoscsesesveccessveccvccsess = 159 0 and 1 
The wave-number differences 704, 245, and 69 cm. are fairly close to the 755, 242-6, and 
57-6 cm." differences of salicylaldehyde, but there is not sufficient evidence to indicate 
how the a absorbed by the (benzenoid) electronic transition sets up these vibrational 
frequencies. The only other compound in this series which exhibits fine structure within 
the absorption band near 2500 A. is o-hydroxyacetophenone, but the narrow bands are 
ill-developed and only four were capable of reasonably accurate measurement : 
d, A. 1A,cm—. = A(1/A), em. 
2503 
2495 


2459 
2452 





[1940] Hydroxy-ketones, and their Methyl Ethers. 1357 


o-Methoxyacetophenone shows only continuous absorption in the vapour state. On the 
other hand, o-methoxybenzaldehyde shows five fairly wide (10 a.) continuous bands near 


3000 A. : 
A, A. 1/A, ‘cm.-}. A(1/A), cm... 
3117 
3072 
3041 
2999 
2962 


The vapour absorption of m-compounds is characterised by a number of moderately well- 
defined bands between 2430 and 2520 a. 


m-Hydroxy benzaldehyde. m-Methoxybenzaldehyde. 
A, A. 1/A, cm.-}. A(1/A), cm}. » 1/A, cm.-}. A(1/A), cm. 


40,980 
41,170 


The #-derivatives show narrow bands on the long-wave side of the main absorption : 


p-Hydroxybenzaldehyde. p-Methoxybenzaldehyde. 
A, A. 1/A, cm.-}. A(1/A), cm.-?. 1/A, cm.-}. A(1/A), cm.-?. 
35,070 


The degree of resolution yet effected is inadequate for any attempt at analysis, but the 
use of lower temperatures and longer absorption cells may provide the necessary data. . 

Absorption Spectra in Alkaline Solution.—All the hydroxy-compounds, when studied 
in alkaline solution, show displacements of the long-wave band in the direction of longer 
wave-lengths. This is qualitatively in agreement with the effect of alkali on the spectrum 
of phenol. However, the magnitudes of the various displacements show little agreement : 


Substituent. Change of medium. A(1/A), cm.-. 
OH H,O to NaOH 2000 


OH,CHO (o0-) H,O to 1 equiv. NaOH 4380 
H,O to excess NaOH 4310 


OH,CO-CH, (o-) H,O to 1 equiv. NaOH 1480 
H,O to excess NaOH 2950 


OH,CHO (m-) H,0O to 1 equiv. NaOH 
or 


600 
3340 (see Fig. 8) 
3890 


H,O to excess NaOH 


OH,CHO (-) H,0 to 1 equiv. NaOH 4710 
H,O to excess NaOH 4810 


It has already been pointed out that the spectra of salicylaldehyde and o-hydroxy- 
acetophenone are remarkably similar in hexane, alcohol, and water, as well as in the vapour 
state. On passing to alkaline solution, however, there are very noticeable differences, 
shown most obviously in the case of the long-wave band. In the presence of 1 equiv. of 
sodium hydroxide, salicylaldehyde shows the full displacement which is observed in the 
presence of excess alkali, but for o-hydroxyacetophenone, the displacement brought about 
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by 1 equiv. is appreciably less than that effected by excess of alkali. Even in the presence 
of excess alkali, the displacement observed for the long-wave absorption band of o-hydroxy- hy 
acetophenone is much less than the corresponding displacement for salicylaldehyde. nal 
In the case of m-hydroxybenzaldehyde, the differences between the spectra shown by A.) 
solutions containing 1 equiv. and excess of sodium hydroxide respectively are distinct from cm 
those cited above. The long-wave band appears to be displaced by approximately the 
same amount in both alkaline solutions, but from the intensities of absorption in the the 
solution containing 1 equiv. of alkali only about half the molecules seem to be absorbing me 
at the new wave-length of 3590 A., whilst the remainder are absorbing at the original wave- alc 
length. With regard to the short-wave absorption, it is difficult to say whether in excess wit 
of alkali a new band has appeared at 2370 A., or the original maximum near 2550 A. has ; 
been moved towards shorter wave-lengths. Since there is an inflexion near 2640 A. in it 
excess alkali (cf. x. 2650 A. for salicylaldehyde), the former alternative seems the more ary 
probable. For f-hydroxybenzaldehyde, the absorption curves for the two alkaline solu- of 
tions are almost identical, except that, as in the case of the meta-compound, the change pe 
is not quite complete in the presence of 1 equiv. ea 
Three points worth further enquiry are: (a) the difference between salicylaldehyde and 
o-hydroxyacetophenone in alkaline solution; (5) the change in Ang. Shown by o-hydroxy- th 
acetophenone in passing from 1 equiv. to excess of alkali; (c) the very close agreement ac 
between Anax. for o-hydroxyacetophenone and m-hydroxybenzaldehyde in the presence of su 
excess alkali. ti 
The observed difference between the positions of maximum absorption for salicylalde- le 
hyde and o-hydroxyacetophenone in 1 equiv. and in excess of alkali is 1470 cm.-+, whereas qe 
the difference between the maxima of p- and o-hydroxyacetophenone (both in excess alkali) of 
is 2910 cm.-1, 7.e., 2 x 1455 cm.-}. It would appear, therefore, that the values of Anas. of 
observed for these compounds in alkaline solution are related by a constant frequency th 
difference of approximately 1450 cm.-1. d 
Benzene derivative. Medium. Amax., A. 1/A, cm.-}. 
OH,CO°CH; (p-)  Excessalkali 3250 sess 
OH,CO:CH, (0-) 1 Equiv. alkali 3410 1470 
OH,CHO (m-) and Excess alkali 3590 a 
OH,CO-CH, (0-) 1400 (1 
OH,CHO (o0-) Excess alkali 3780 t! 
A further point is that for the short-wave band, the difference between the maxima of 7 
salicylaldehyde (2650 ..) and o-hydroxyacetophenone in excess of sodium hydroxide t 
(2565 A.) is 1360 cm.-1, which is within the experimental error of the constant differences 5 
already recorded. a 
Unless these constant frequency differences are fortuitous, they supply a partial answer \ 
to the questions raised earlier and suggest a discrete series of values of 2,,,,. for the benzenoid I 
chromophore under the influence of substituents. A significant frequency difference of C 
about 1450 cm.-! should not be restricted to alkaline solutions, and the suggestions may ! 
be tested by extending it to the data for other media : 1 
( 
Derivative. Medium. Amax., A. (Obs.). 1 /Amax., cm.~? (calc.). Amax., A. (calc.). 
OH,CHO (o-) Excess alkali 3785 26,420 3785 1 
add 1,450 
OH,CO-CH, (0-) os o» 3590 27,870 = 3588 
OH,CHO (m-) pe 2 add 1,450 
OH,CO-CH, (0-) 1 Equiv. alkali 3410 29,320 = 3411 
OH,CHO (o-) Hexane 3430 
OH,CHO (o-) EtOH or H,O 3250 add 1,450 
. OH,CO*CH, (p-) Excess alkali 3250 30,770 = 3250 
QH,CO-CH, (o-) Alcohol 3270 : 
OH,CO-CH, (0-) Water 3245 add 1,450 
OMe,CHO (0-) Hexane 3100 32,220 = 3104 
OH,CHO (m-) ad 3080 
OMe,CHO (m-) ‘3 


i 
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Consecutive additions of 1450 cm.- give values of Anax. including 2847 A. (cf. benzalde- 
hyde in hexane, 2830 A.), 2735 A. (cf. phenol in alcohol 2728 a.) and 2534 a. (cf. most intense 
narrow band of benzene itself in alcohol, 2543 a.). The following main values of 2,,,. (in 
A.) could therefore be predicted for the long-wave benzenoid band by using A(1/) = 1450 
cm.-!: 3785, 3588, 3411, 3250, 3104, 2970, 2847, 2735, 2631, 2534. 

Further (calculated) values of 2... can be obtained, agreeing well with practically all 
the remaining observed values, by adding or subtracting 910 cm.1. This quantity is the 
mean value of the frequency differences between the narrow bands of benzene itself in 
alcoholic solution, and is therefore apparently connected with a vibrational. frequency 
within the benzene nucleus. 

Such a method of predicting values of Amz, can obviously be carried to a point where 
it becomes too flexible to be serviceable. For this reason it is undesirable to push the 
argument too far, but it is impossible to evade the fact that very nearly the same values 
of Amax. recur again and again for a variety of substituted benzene derivatives. The 
possibility that such values form a discrete series must therefore be studied, but cannot be 
easily settled. The data submitted show regularities which are scarcely fortuitous. 

The existence of such a discrete series of values for 4,,4,. would raise many points of 
theoretical interest and the implications of the hypothesis may be pointed out: (1) The 
actual position of maximum absorption (within the envelope of vibrational and rotational 
sub-maxima) is given significance. (2) The effect of substituents on the benzenoid absorp- 
tion is, in general, to displace the spectrum as a whole in the direction of longer wave- 
lengths. If this is taken to imply a changed initial energy state, im the sense that a smaller 
quantum of energy can now effect essentially the same electronic transition, the induction effect 
of substituents must. be such as to bring this about. (3) The existence of a discrete series 
Of Amax. Values corresponding with a common electronic transition would seem to imply 
that the induction effect consists in the stabilisation of valency electrons, at energy levels 
differing by integral steps fixed by natural vibrational frequencies. 


EXPERIMENTAL. 


Preparation of Compounds.—Salicylaldehyde was purified through the bisulphite compound 
and redistilled in an atmosphere of nitrogen (b. p. 196°). Methylation of salicylaldehyde 
(methyl sulphate) afforded a product (b. p. 245°) which did not solidify readily and showed in 
the vapour state a large number of narrow bands, the most intense of which (2748-3, 2691-8, 
2678-2, 2637-9, 2625-3, 2612-9, 2574-5 a.) are known to be characteristic of anisole (Horio, 
Mem. Coll. Eng. Kyoto, 1933, 7, No. 4). After seeding with authentic o-methoxybenzaldehyde, 
the liquid solidified and could be recrystallised from alcohol, m. p. 35° (Perkin, J., 1889, 55, 
550, records a modification, m. p. 2-7—3°, which on addition of a crystal of the form melting 
at 35° changes completely into the latter). The recrystallised material no longer showed the 
vapour absorption due to anisole. m-Hydroxybenzaldehyde (Eastman Kodak) was twice 
recrystallised from hot water, m. p. 102—103°. The methoxy-derivative, b. p. 228°, was 
obtained by treatment with methyl iodide and potassium hydroxide. p-Hydroxybenzalde- 
hyde (Eastman Kodak), recrystallised from hot water, m. p. 117°, was methylated (methyl 
iodide and potassium hydroxide), and the methoxy-compound, b. p. 250°, was obtained as an 
oil and further purified through the bisulphite compound. 

o-Hydroxyacetophenone, prepared from phenol, glacial acetic acid, and zinc chloride and 
purified (b. p. 213°) through the copper derivative, contained phenol, as shown by the spectra 
of the vapour and of hexane solutions. Purification through the semicarbazone gave in poor 
yield a phenol-free product. Interaction of phenyl acetate and aluminium chloride (Fries 
and Pfaffendorf, Ber., 1910, 48, 215) proved satisfactory and yielded o-hydroxyacetophenone 
as an oil which was readily purified (b. p. 216—217°) through the semicarbazone. The product 
was methylated (methyl sulphate) without difficulty, and the ether (b. p. 241°) purified through 
the semicarbazone. 


We are indebted to Dr. Wilson Baker for specimens of p-hydroxyacetophenone and the 
diacetylresorcinols and their ethers (cf. J., 1934, 1684). 


UNIVERSITY OF LIVERPOOL, [Received, July 19th, 1940.) 
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256. Studies of Ionisation in Non-aqueous Solvents. Part IV. The 
Formation of Certain Ammines in Methyl and Ethyl Acetates and in 
Acetone. 

By Wiii1aAM L. GERMAN and RONALD A. JAMSETT. 


As in the cases of the alcohols previously studied, ammine formation occurs when 
ammonia reacts with the salts studied in methyl and ethyl acetates, and in acetone. 
In some cases the ammonia content of the ammine is higher than that observed when 
methyl and ethyl alcohols are used as solvents. 


In Part II (J., 1939, 1337) it was shown that, although the formation of ammines proceeds 
in water via the hydroxide, which is first precipitated, yet in hydroxylic solvents, such as 
methyl and ethyl alcohols, direct combination between gaseous ammonia and the dissolved 
salt occurs. In this communication an analogous series of reactions has been studied in 
the non-hydroxylic solvents methyl and ethyl acetates and acetone. It was expected 
that in these solvents also direct combination between the gas and the salt would take 
place, although, since the dielectric constants of the solvents were different from those of 
the alcohols, differences in the compositions of the ammines formed might be found. 
This was supported by the analyses of the precipitates obtained and, in the case of acetone, 
by the conductivity titrations. In general the results are in agreement with those of 
Naumann and his collaborators (Ber., 1899, 32, 999; 1904, 37, 3600, 4609, 4328; 1909, 
42, 3790; 1910, 43, 314; 1914, 47, 250, 1371). 


EXPERIMENTAL. 


As methyl and ethyl acetates contained appreciable amounts of aldehyde, this was removed 
as the bisulphite compound, after which the esters were shaken with dilute sodium carbonate 
solution and then with water. Partial dehydration was effected with fused potassium carbon- 
ate, and the drying completed over phosphoric oxide. The esters were then decanted off and 
fractionated. Their b. p.’s were: methyl acetate, 57—57-5°; ethyl acetate, 77°. Weaver’s 
test (J. Amer. Chem. Soc., 1922, 44, 2824) showed these solvents to be water-free. 

The acetone was purified by Koch’s method (J., 1928, 272). Water was tested for by 
anhydrous copper sulphate, since Weaver’s test fails in the presence of acetone, probably 
because cuprous acetylide dissolves in aqueous acetone. The dry acetone boiled at 56°. 

It was impossible to prepare solutions of ammonia in the esters, since continual slow pre- 
cipitation of amide took place. Consequently, conductivity titrations were only possible in 
acetone solution. Here again it was not possible to keep the ammonia solution, for the con- 
stituents interacted and the ammonia concentration fell continuously. Dilute ammonia 
solutions in acetone were therefore made, standardised, and used immediately. The apparatus 
employed for the conductivity titrations was as previously described (Part I; J., 1938, 1027) 
and the results are shown in the diagram. The precipitates for analysis were prepared by 
passing dry ammonia into the solutions made by dissolving the anhydrous salts in the solvents. 
In general, saturated solutions of the salts were made, for the solubilities, particularly in the 
esters, were not great. Since addition of ammonia to the acetates produced acetamide, which 
might possibly have reacted with the solutes, separate tests were made by adding a solution 
of acetamide in each ester to the salt solutions: only in the case of copper chloride was a 
slight precipitate formed. However, the precipitate with ammonia from a solution of copper 
chloride in methyl acetate was of definite composition, so either acetamide caused no pre- 
cipitation in this reaction, or subsequent washing of the precipitate removed the substance. 
All precipitates were well washed in sodium-dried ether and were free from acetamide. They 
were then dried in air, and in most cases the slightly damp solid was then dissolved in acid 
and analysed to determine the ratio of the components. In this way possible decomposition 
on standing was avoided. 

Reactions with Cobalt Chloride.—In all three solvents, cobalt chloride gave a deep blue 
solution, from which ammonia precipitated a dirty white substance, CoCl,,4NH;, in the esters, 
and a mauve substance, CoCl,,2NH;, in acetone. Precipitation appeared to be complete, 
since the filtrate was colourless (Found: in methyl acetate, Co:Cl: NH, = 1: 1-97: 4-01; in 
ethyl acetate, Co: Cl: NH, = 1 : 2-02: 4-08; in acetone, Co: Cl: NH, = 1: 2-00: 1-97). The last 
result agrees with the titration curve, in which there was an initial rise in conductivity followed 
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by a fall until 2 mols. of ammonia had been added, after which there was little change. The 
first precipitate was probably indefinite, and changed to the diammine on addition of ammonia. 
Prolonged passage of ammonia into the solution in acetone changed the mauve compound into 
the dirty white substance CoCl,,4NH, (Found: Co:Cl: NH, = 1: 2-02 : 3-98). 

Naumann (loc. cit.) reported the preparation of CoCl,,2NH, in acetone, but in methyl and 
ethyl acetates he claimed to have prepared CoCl,,6NH;. We could not prepare this substance 
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even after prolonged passage of ammonia into the cobalt chloride solution. In methyl and 
ethyl alcohols the compound formed is CoCl,,2NH;, so it is possible to prepare different cobalt- 
ammines by varying the solvent in which the reaction is performed. 

Reactions with Cadmium Iodide.—The solutions were colourless and ammonia precipitated 
from each a white substance which, in ethyl acetate and in acetone, was CdI,,2NH,. The 
titration curve showed that the precipitate in acetone was initially of indefinite composition 
and then changed into the diammine, the conductivity falling rapidly with addition of ammonia 
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until 2 mols. had been added, after which there was little further conductivity change. In 
methyl acetate an indefinite substance was obtained, probably a mixture of ammines (Found : 
in ethyl acetate, Cd: 1: NH, = 1: 1-96: 2-02; in methyl acetate, Cd: 1: NH, = 1: 2-86: 5-65; in 
acetone, Cd: I: NH, = 1: 1-98: 1-96). 

Naumann (loc. cit.) gives no details of the reactions in methyl acetate, but reports the 
preparation of CdI,,2NH, in ethyl acetate and acetone. 

Reactions with Mercuric Chloride—Colourless solutions of mercuric chloride in the three 
solvents gave thick, white solids when gaseous ammonia was passed in. That from acetone 
was of indefinite composition as shown by the titration curve and also by analysis (Found : 
Hg: Cl: NH, = 1:2: 1-56); in ethyl acetate, it was HgCl,,2NH, (Found: Hg:Cl: NH, = 
1: 1-95: 1-99), and in methyl acetate the substance was of indefinite composition (Found : 
Hg: Cl: NH, = 1: 2: 0-77). 

Reactions with Copper Chloride——From the green solutions of copper chloride in the three 
solvents, ammonia precipitated blue substances. In the esters the amount was small and 
analysis was impossible with the substance from ethyl acetate solution, and difficult with that 
from methyl acetate. This appeared to be CuCl,,3NH, (Found : Cu: Cl: NH; = 1: 1-95: 2-96). 
Naumann, however (loc. cit.), claimed to have prepared CuCl,,6NH; from each ester. From 
acetone solution the precipitate was CuCl,,2NH, (Found: Cu: Cl: NH, = 1: 1-96: 2-01) : this 
is confirmed by the conductivity titration, for the initial indefinite substance changed on 
further addition of ammonia into CuCl,,2NH;, a rapid fall of conductivity occurring until 
2 mols. of ammonia had been added; thereafter there was little change in conductivity. 
Naumann also prepared CuCl,,2NH, from acetone. 

Reactions with Ferric Chloride.—Yellowish-brown solutions were formed in all three solvents. 
Ammonia precipitated brown substances in each case. The precipitates were bulky and 
difficult to wash. From both esters and from acetone the substances were FeCl,,3NH, (Found : 
in methyl acetate, Fe: Cl: NH, = 1: 3-02: 2-96; in ethyl acetate, Fe: Cl: NH, = 1: 3-06: 3-08; 
in acetone, Fe: Cl: NH, = 1: 3-00: 2-99). — 


The authors’ thanks are due to the Dixon Fund of London University and to the Research 
Fund of the Chemical Society for grants. 


WootwicH Potytecunic, S.E. 18. [Received, July 30th, 1940.) 





257. Isotopic Exchange Reactions of Organic Compounds. Part V. 
The Kinetics of the Isomerisation and the Deuterium Exchange 
Reaction of A*-Pentenoic Acid. 


By D. J. G. Ives and R. H. KERLOGUE. 


The alkali-catalysed isomerisation of A*-pentenoic acid in water has been re- 
examined. Kinetic data are recorded which establish a reaction mechanism involving 
A*-pentenoic, AF-pentenocic, and §-hydroxyvaleric acids in a “ triangular” system, 
each member of which is in direct equilibrium with the other two. The isomerisation 
proceeds mainly by direct prototropic change, but to a less extent by the addition and 
fission of water, with the formation of the B-hydroxyvaleric acid as an intermediate 
stage. 

The deuterium exchange reaction which accompanies the isomerisation in a “ heavy ”’ 
medium has also been studied. The results are compatible with the kinetic data and 
with previous exchange results, and show that the direct isomerisation proceeds by the 
bimolecular mechanism. 


DEUTERIUM has been used as an indicator in the study of three-carbon tautomeric systems 
in which one isomeride is produced in large predominance (Ingold, de Salas, and Wilson, 
J., 1936, 1328; Ives, J., 1938, 91). It seemed desirable to extend this work by including a 
system of which the equilibrium state is less strongly unbalanced and contains both A*- 

and A*-isomerides in commensurate amounts. The pentenoic acids satisfy this condition 
and have accordingly been used in the present work, the first section of which is concerned 
with a more detailed investigation of the kinetics of the isomeric change, in an isotopically 
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normal system, than has hitherto been made. It has been shown that A*-pentenoic acid 
comes into equilibrium with A*-pentenoic and 6-hydroxyvaleric acids by reversible, pseudo- 
unimolecular reactions, giving a “‘ triangular’ system in which each member is in direct 
equilibrium with the other two. 

A brief study of the deuterium exchange reaction which accompanies the isomerisation 
of A*-pentenoic acid in a solvent containing deuterium oxide is recorded in the second 
section, A detailed investigation of this exchange has been found impracticable, but the 
results are in general conformity with the mechanism of reaction proposed in the first section 
and indicate that a bimolecular mechanism is involved in the prototropic isomerisation. 
The research has been unavoidably curtailed, and the experiments are concerned only 
with the approach to equilibrium from pure A*-pentenoic acid: the results, however, are 
self-contained, and are therefore published at the present stage without the confirmation of 
experiments starting with the other pure components of the equilibrium system. 

The Kinetics of Isomerisation.—A Nn-solution of sodium A*-pentenoate containing 20 
equivs. % excess of sodium hydroxide was kept at 100° in pure silver vessels. After 
determined periods of heating, the acid products were isolated without appreciable loss, 
and the pentenoic acids separated quantitatively from the hydroxy-acid by methods fully 
described in the experimental section. The pentenoic acid mixture was analysed by the 
iodometric method (Linstead and Noble, J., 1934, 616). The results are shown in Table I. 


TABLE I. 
AB-Acid : 





Time, 


Z Equiv. of mixed Hydroxy-acid, % Yield of recovered 
Y, of pentenoic acid. % of total acid. pentenoicacid. of total acid. acid, %. 


1-8 1-7 _— 
22-4 ° ‘ 100-7 
46-4 : , 100-0 
10-4 : . 100-9 
94-4 ° . 100-7 
166-4 . 100-5 
600 , . 101-4 


The results of the iodometric analysis are shown in col. 2; comparison with col. 3, 
where the A*-acid is shown as a percentage of the total acid (i.¢., including the hydroxy-acid), 
shows that the formation of the hydroxy-acid is far from negligible. The equivalent (by 
titration) of the mixture of pentenoic acids, freed from hydroxy-acid, is given in col. 4 as 
some criterion of purity. The smaller amounts of hydroxy-acid were estimated by titration, 
and are shown, in equivs. %, in col.5. The total yield of recovered acid is also recorded; 
the loss of 2—3% in working up has been assigned to the more volatile pentenoic acid 
fraction, and it has been assumed that this slight loss has not appreciably disturbed the 
relative proportions of the isomerides. 

The first step in the kinetic interpretation has been the setting up of provisional inter- 
polation equations ‘in order to facilitate subsequent calculations and to provide some 
indication of the random errors in the results. It has been found that the figures in col. 2 
of Table I fit closely to a unimolecular velocity law, provided that 15 hours be added to 
each reaction time. Since these figures do not represent concentrations (or activities), 
this does not show that the production of the A*-acid follows a first-order law, and the 
uniformity of the values of the “‘ velocity constants ” (k,), which are shown in Table II, is 
the sole justification for the provisional use of this law for purposes of interpolation. 


TABLE IT. 
Time, hrs. ........000. 224 46-4 70-4 94-4 166-4 600 
k, X 10°, hr=- 10-06 10-00 10-09 9-90 — Mean, 9-96 + 0-11 
k, X 10°, hr p 3-59 4-28 4-72 4-56 4:54 Mean, 4-41 + 0-32 
The addition of 15 hours to the time scale corresponds with an initial fast reaction which 
subsides within 22 hours. This has been confirmed by one short-time experiment (cf. 
Table I) but no explanation is advanced. It has been shown by suitable experiments that 


the operations involved in working up the reaction products cause no disturbance in the 
initial isomeric ratio. 
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The formation of the §-hydroxyvaleric acid has also been found to follow a first-order 
law within experimental error, but without any apparent initial fast reaction. Again, no 
conclusions can be drawn, because it seems likely that the actual law controlling the form- 
ation of this acid might be complex, since the reactant which produces it is itself undergoing 
change. The use of this law is similarly justified by the substantial uniformity of the 
constants (k,) shown in Table II. No systematic deviation from linearity can be found in 
either case from the linear logarithmic plots required by the unimolecular law. Interpolated 
amounts of the A*-acid and its two reaction products (in equivs. % of the total) are shown in 
Table III, and have been used in subsequent calculations. 


TABLE III. 


Time, hrs. .......2.:-. 30 60 90 120 150 180 oo 
A®-Acid, % w.cueeeeee 828 73-9 67-3 62:25 58-4 55-4 41-3 
AB-Acid, % ceccecveeee 13°15 18-5 22-0 24-3 25-8 26-7 25-5 
Hydroxy-acid, % ... 4:05 7-6 10-7 13-45 15-8 17-9 32-8 


The equilibrium value for the hydroxy-acid was not reached in 600 hours, and was 
therefore calculated by a short extrapolation. The equilibrium data differ from those 
previously recorded (Linstead and Noble, loc. cit.), viz., 68% of A*-acid and 32% of A®-acid, 
the hydroxy-acid being neglected. The corresponding figures now obtained are 62% and 
38% respectively; this is attributable to the improved recovery of the reaction products 
and the consequent avoidance of loss of the more volatile A’-pentenoic acid. 

_ The second step in the examination of these results consisted of the application to them 
of the most general of possible reaction schemes, which is the ternary equilibrium already 
mentioned. This may be represented diagrammatically as follows : 


hy 
(x) CH,°CH,°CH:CH-CO,H => CH,-CH:CH-CH,°CO,H =) 


e a " 
N\ ZA, 
CH,*°CH,°CH(OH)-CH,°CO,H 
(y) 


where x, y, and z are the equivalents % (which are proportional to concentrations) of 
A*-pentenoic, 6-hydroxyvaleric, and A*-pentenoic acids respectively, and k,, hg, . . . Rg 
are the pseudo-unimolecular velocity constants of the reactions indicated by the arrows. 
The rates of change of the concentrations of the three species are given by the equations 


dxdt = kez + hay —(ky + hy) 
dy /dt = kyx + kyz —(hg + g)y 
dz/dt = kx + hay —(Rg + Ry)z 


If xe, Ye, and z, are the respective equilibrium values of x, y, and z, then, since at 
equilibrium dx/d¢ = dy/d¢t = dz/d¢ = 0, 


Rez + eVe _ (As + ky)*e 
RyX—_ t+ Kyo = (hg + hg)ve 
sXe + RgVe a (Re + hy) 


Substituting the determined values of x,, Yer and 2, in, ¢.g., equation (6), we have 
41-5k,; + 32-8k, = 25-5(R, + ,) 
or : ke + ky = 1-635k,; + 1-286R, . 
Substitution in equation (3) then gives 
dz/dt = kx + kay —(1-635k, + 1-286h,)z 


and, similarly, two other equations for dx/dt and dy/dt may be obtained, each containing 
two unknown velocity constants. ; 
These equations have been solved by constructing curves from the data in Table III, 
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measuring gradients graphically to obtain differential coefficients at round times, and 
reading the corresponding values of x, y, and z. A series of linear simultaneous equations 
was thus obtained, which were solved graphically in order to check their mutual com- 
patibility and accuracy. The solution of equation (8), the data in Table III between 30 
and 150 hours being used, is shown in Fig. 1. It is evident that single values of the con- 


Fic. 1. 





a 
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stants cover this time range within experimental error. Similar solutions for the other 
constants gave the following values, in hrs. : 


i | hy. ky. hg. 
Value X 108 ........00 145 126 100 376 675 


These constants adequately satisfy equations (1), (2), and (3), as shown by comparison 
of observed and calculated gradients given in the following table. 


A*-Acid gradients. AB-Acid gradients. Hydroxy-acid gradients. 
Time, hrs. Obs. Calc. Obs. Calc. Calc, 
30 —0-3435 —0-3426 0-2137 0-2145 . 0-1280 
60 —0-2548 —0-2548 01456 01445 0-1103 
90 —0-1918 —0-1914 0-0951 0-0962 : 0-0952 
120 —0-1479 —0-1452 0-0630 0-0627 0-0825 
150 —0-1119 —O-1111 0-0397 0-0396 : 0-0716 


In order to provide a more convincing test of the ternary reaction scheme, the values of 
the velocity constants have been substituted in equations (2) and (3). This provides a 
check which is independent of the interpolation equations used in the previous calculation, 
since solution of these differential equations should reproduce the experimental results at 
all times until equilibrium is reached. Since 


Sy 8 me MODs a) i SO so, oe 
then dy/dé = 0-152 — 0-00423y —0-00052z . . . . .° (10) 
and dz/d¢ = 0-376 — 0-00250y —O-00115Iz . . . . . (11) 


Values of y and z were calculated by successive approximations in terms of convergent 
series in powers of ¢: the general solutions are bulky and are therefore not given, but 
a comparison of observed and calculated values of y and z is shown on p. 1366 and in Fig. 2 


(curves I) and Fig. 3 (where the points are experimental and the curves calculated), and the 
agreement is well within experimental error. 
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Af-Acid, % of pen- Hydroxy-acid, % of AB- ‘Acid, % of pen- nes, % of 
Time, tenoic acid. total acid. Time, tenoic acid. total ac 
Obs. Calc. Obs. Calc. ; Obs. Calc. Obs. = 
22-4 11-6 11-8 3-3 3-2 94-4 25-4 25-3 11-8 11-2 
46-4 17-5 17:3 5-0 6-2 166-4 = 31-7 31-8 17-4 16-9 
70-4 21-8 21-8 8-5 8-8 600 38-0 38-2 30-6 30-1 
On the basis of the calculated velocity constants of the three equilibria, it can be shown 
that the interpolation equations initially used are, in fact, valid: the apparent “ velocity 
constants ”’ of these equations have been calculated and are 0-00989 hr.-' for k, (cf. Table 
II, 0-00996 + 0-00011) and 0-00481 hr. -1 for ky (cf. Table II, 0-00441 + 0- 00032). The 
discrepancy in the latter case affects the equilibrium data, since they depend on a short 
extrapolation, to the extent of about 0-5%, and this must consequently be regarded as the 
limit of accuracy of the determinations. 


Fic. 2. Fic. 3. 


ft 




















8 





% of total acid. 





Ss 


























J 
| ZAP 


eke 


Hours. 


Finally, the ternary reaction scheme has been further substantiated by considering, and 
excluding, the other possible relationships between the three components of the system. 
There are three such relationships, corresponding with the abolition of each in turn of the 
three equlibria involved in the general theory; indicated schematically, they are 


A* => Af = Hydroxy Hydroxy => A* = Af A* => Hydroxy = A’ 


The first two of these are amenable to analysis by the methods already described, and the 
best possible solutions are shown in curves II and III respectively in Fig. 2. The deviations 
from the experimental points are systematic and, in the case of the A*-pentenoic acid at 
least, far outside experimental error. The third scheme cannot be examined quantitatively 
but may be definitely excluded on the grounds that it necessarily implies a totally different 
relationship between the concentrations of the reaction products (before equilibrium is 
reached) from that actually found. The operation of the hydroxy-acid as an essential 
intermediary in the isomerisation of the components of three-carbon systems has, of course, 
been previously excluded (cf., inter aiia, Linstead, J., 1927, 367), but the joint operation of 
both mechanisms (prototropic, addition and fission) does not seem to have been clearly 
distinguished previously. It is true that in the pentenoic acids the addition and fission of 
water accounts for only a small proportion of the conversion (ca. 4% at half-change), but 
the relative predominance of the two modes might be expected to vary from one tautomeric 
system to another. 
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The Deuterium Exchange Reaction.—The deuterium exchange experiments were carried 
out under the same conditions as previously described, except that the solvent contained 
7% of deuterium oxide. After being heated, the alkaline solutions were treated with excess 
of dry carbon dioxide, the solvent removed, and the residue heated to 140° in a high vacuum 
until all sodium hydrogen carbonate was destroyed. Combustion of the residues gave 
samples of water which were purified without loss and analysed for deuterium content by 
the flotation density method. In the longest experiment, however, the reaction products 
were isolated and analysed separately for deuterium, and the pentenoic acid fraction for the 
relative proportion of the isomerides. The results of the deuterium analyses are shown 


Mol.-fraction of Effective mol. 

D,O in combustn. fractn. of D,O in Mol.-fractn. of D,O, solute — 
water, x 10°. solvent, x 10%. Mol.-fractn. of D,O, solvent 

6-39 68-0 0-094 

9-69 67-9 0-143 

11-64 67-75 0-172 

13-27 67-6 0-196 

14-92 67-5 0-221 

15-89 67-5 0-235 

17-73 67-35 0-263 

20-00 68-2 0-293 





The last entry in col. 2 is calculated from the data relating to the free acids and is, in 
effect, the result which would have been obtained by analysis of the mixed sodium salts : 
it is in good agreement with the previous 
figures, but this is only the case if it is assumed Fin. 4 
that the hydroxylic hydrogen of the isolated 
hydroxy-acid contains deuterium in amount 
predictable from the known distribution 
coefficient for such groups (1-09; Hobden, 
Johnston, Weldon, and Wilson, J., 1939, 61). 
Since the exchange reaction involves pro- 
gressive dilution of the solvent owing to the 
replacement of deuterium by hydrogen, the 
effective isotopic composition of the solvent 
must be calculated for each exchange experi- 
ment in order to make the results mutually 
comparable: this has been done with sufficient 
accuracy by graphical integration, and the 
results are shown in col. 3. The last column 
provides the data for showing the increasing 
deuteration of the solute with time on a 
common basis: these results are shown 
graphically in Fig. 4 (curve I). The point 
indicated by a cross is calculated on the w 
assumption that the hydroxyl group of the 
hydroxy-acid was normalised during the 0 in ay 400 S00 800 7 
working up of the acid. The very large vere. 
divergence shows that this did not occur: satisfactory theoretical reasons for the low 
acidity of this hydrogen atom can readily be found. 

It was impracticable to analyse this deuteration curve in detail. The solution may 
contain 12 different pentenoic acids and 16 different hydroxy-acids of various isotopic 
constitutions (excluding the possibility of the formation of acids containing deuterium 
linked to carbon in the 8-position), so the multiplicity of equilibria between these species, of 
which the total deuteration curve is the resultant, is very great indeed. Nevertheless, a 
partial analysis has led to conclusions which are of some interest. 

first the results of the last experiment, of longest heating period, it is found 
that the ratio of the pentenoic acid isomerides at equilibrium is not affected by the presence 
4x 
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of deuterium : this is to be expected on kinetic and thermodynamic grounds. On the other 
hand, the equilibrium amount of hydroxy-acid appears to be considerably increased by the 
presence of the heavier isotope (40-6% in 610 hrs., as compared with 30-2% in 600 hrs.). 
In this case we are concerned with an addition reaction in which the different rates of 
reaction of the isotopes will be fully apparent. It is surprising that this difference is so 
great and, without discussing it in detail, it may be suggested that it is connected with the 
greater basic strength of deuteroxyl than hydroxyl, and with the distribution coefficient 
which favours the concentration of deuterium in organic hydroxyl groups as compared with 
water. 

The separate deuterium analyses of the hydroxy-acid and pentenoic acid mixture from 
the last experiment are not informative. Allowance being made for the carboxylic and 
hydroxylic hydrogen, it is found that the hydroxy-acid, atom for atom, contains less deuter- 
ium than the pentenoic acids. It can be shown by a kinetic argument (cf. Ives, J., 1938, 
91) that at equilibrium the deuterium content of corresponding positions in these acids 
must be identical. That this is not found to be the case is almost certainly due to 
the known fact that equilibrium had not been reached. The alternative explanation 
that the hydroxy-acid is formed by an irreversible addition process, and is not in 
reversible equilibrium with the unsaturated acids, is hardly tenable in view of the kinetic 
evidence. 

Next, an attempt has been made to account for as much as possible of the deuterium in 
the solute in terms of such “ partial reactions ” as can be distinguished and approximately 
assessed. For the purposes of this approximate treatment, it is assumed that the rates of 
isomerisation and hydroxy-acid formation are unaffected by the deuterium in the system. 
Although the errors involved in this assumption may be considerable, they will be in the 
direction of over-assessment, and this will not invalidate the argument which is subsequently 
based on the calculations. Four main contributions to the deuteration can be easily 
distinguished : 

(1) The hydroxylic hydrogen of the hydroxy-acid is assumed to exchange so rapidly 
under the experimental conditions that it is in continuous equilibrium with the solvent. 
If we take a distribution coefficient of 1-09, this gives a contribution to the mol.-fraction of 
deuterium oxide in the combustion water of the solute indicated by curve II in Fig. 4. 
It is assumed that this acid undergoes no other direct exchange reaction. 

(2) The a-hydrogen of the A*-pentenoic acid is assumed to undergo rapid exchange, on 
the grounds of its similarity to vinylacetic and phenylacetic acids, viz., that it possesses a 
polarisable group attached to the same methylene as the carboxyl (cf. Ives, J., 1938, 81). 
With a mean distribution coefficient of 0-82 (cf. Hobden, Johnston, Weldon and Wilson, 
loc. cit.; Ives, loc. cit.; Evans, Rydon, and Briscoe, J., 1939, 1673), this will add to 
the deuterium content of the solute by an amount which is added to (1) in curve III, 
Fig. 4. 

(3) Since the equilibrium between the various acids in solution is mobile, the postulated 
rapid exchange of the a-hydrogen of the A*-acid will cause a much greater deuterium uptake 
than is accounted for under the last heading. This acid will form the starting point of an 
equilibrium system which will contair the A*-acid and the hydroxy-acid deuterated to the 
maximum extent in the «-position. If x’ and y’ are the respective concentrations of 
A*-acid and hydroxy-acid which have been generated from A?-acid and are in equilibrium 


with each other, then 
da’ /dt = gz + hay’ — (hy + hg)’ 
dy’ /dt = kyz + hyx’ — (hq + hg)y’ 


where z has the same meaning as before. These differential equations have been solved by 
an approximate graphical method and give curves IV and V in Fig. 4 for these contributions 
added successively to the previous ones. 

Further analysis on these lines becomes more and more approximate, but it is clear that 
the other partial reactions which can be envisaged are, with one exception, of second order 
and, at any time, are dependent in rate on the concentrations of either the hydroxy-acid 
or the A?-pentenoic acid. If the deuteration which has not been accounted for is now 
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considered (this is given by the difference between the ordinates of curves I and V in 
Fig. 4) the figures given below are obtained. 


Time, Total Deuteration Time, Total Deuteration 

hrs. deuteration. accounted for. Diff. hrs. deuteration. accounted for. Diff. 
30 0-119 0-039 0-080 150 0-215 0-106 0-109 
60 0-161 0-061 0-100 300 0-256 0-147 0-109 
90 0-184 0-079 0-105 600 0-293 0-186 0-107 


It is obvious that the neglected second-order partial reactions cannot possibly account 
for these differences, because the variation with time is of a totally different order from 
that required by such a supposition. In the earlier stages of the change, where the A*- 
pentenoic acid is largely preponderant, there is a relatively rapid exchange reaction: the 
earlier the stage of the reaction which is considered, the less is the proportion of deuterium 
in the solute which can be accounted for in terms of A*-acid or hydroxy-acid. The 
deduction cannot be avoided that the A*-pentenoic acid must itself undergo a direct exchange 
reaction with the solvent which is independent of isomerisation, and it can hardly be doubted 
that it is the y-hydrogen which is concerned. It can be inferred, therefore, that the direct 
prototropic isomerisation occurs by the bimolecular mechanism and that the intermediate 
ion becomes kinetically free in solution. 


EXPERIMENTAL. 


Preparation of Materials—A®*-Pentenoic acid was prepared by the condensation of prop- 
aldehyde (1 mol.) with malonic acid (1 mol.) in presence of pyridine (14 mols.), followed by 
decarboxylation (cf. Boxer and Linstead, J., 1931, 740; Noble, Thesis, London, 1932). The 
acid was purified by careful vacuum fractionation; b. p. 62—66°/1-5 mm., m. p. 10-0°, 3?" 1-4512 
(Noble, loc. cit., gives nf” 1-4513), iodine addition, 0-8%. All other reagents used were of 
“ AnalaR” purity, and the usual precautions were taken in connexion with the volumetric 
solutions. 

Equilibrations.—Solutions were made up in carefully standardised volumetric apparatus and 


_ checked by weighing: a knowledge of the densities was required for the subsequent calculation 


of yields of recovered products. Freshly distilled A*-pentenoic acid was used, and cooled in ice 
during the addition of the requisite amount of carbonate-free standard sodium hydroxide 
solution to give a N-solution of the sodium salt containing 20 equivs. % excess of sodium hydrox- 
ide. The solutions were heated for determined periods in pure silver capsules sealed into Pyrex 
boiling-tubes. No distillation of solvent out of the capsules occurred during the heating, ahd 
the solutions remained water-white and clear for the longest periods of heating. 

Recovery of Acids.—After cooling, the equilibration vessel was opened, and the contents 
transferred first to a tared flask and weighed, and then, without loss, to an all-glass constant 
extractor, where they were acidified and extracted with peroxide-free ether for 6 hours. The 
ethereal solution was dried, first over anhydrous sodium sulphate and then over anhydrous 
copper sulphate (free from basic salt). The quantitative removal of the ether from this solution 
without loss or fractionation of the small amount of pentenoic acids which it contained (ca. 2 g.) 
required substantial modification of the methods previously used for this purpose. It was 
accomplished, together with the separation from hydroxy-acid, in the all-glass apparatus shown 
in Fig. 5. The solution was filtered into the distillation vessel through a sintered-glass filter stick 
fitting into A. The ground stopper was replaced, and as much ether as possible removed by 
distillation from the water-bath up the efficient Dufton column shown, into a receiver, protected 
from moisture with phosphoric oxide, on the right of the apparatus. The distillate was removed, 
and the last traces of ether eliminated from the residual acid first by gentle suction, and then by 
pumping out the apparatus for 15 mins. at a controlled pressure of 50 mm. with the water-bath 
at 100°. Control experiments indicated that m-butyric acid (which is considerably more volatile 
than Af-pentenoic acid) could be recovered quantitatively from ethereal solution by this pro- 
cedure. The right-hand part of the apparatus was then closed, and junction made between the 
joints A and B, which were lightly greased with Apiezon L. Distillation was effected in a high 
vacuum (ca. 10-* mm.) between 30° and —80° into the receiver C: this gave complete recovery 
of the pentenoic acids and separation from hydroxy-acid, which is completely non-volatile under 
these conditions and remained in the distillation vessel for titration or subsequent working up. 
Dry air was admitted through the phosphoric oxide tube, and: the receiver sealed off at D : the 
contents were thus preserved from access of moisture until required for analysis. At every stage 
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ether distillates and washings of vessels and drying agents were titrated with baryta in order to 
estimate, and ensure, as complete a yield of reaction products as possible. 

Examination of the “‘ Hydroxy-acid.’’—The oily residue remaining in the distillation vessel 
from the longest-period experiment was redistilled in a suitable apparatus in a high vacuum. 
The distillate was a water-white syrupy liquid, very hygroscopic, and miscible with water in all 
proportions. An attempt to determine its molecular weight by a vapour-density method in a 
spoon gauge gave a value of 98, but was attended with some decomposition. Equiv. (by titra- 
tion), 120-4 (Calc.: 118-2); iodine addition, 3-2%; H,O (by combustion), 75-7 (Calc. : 76-2%). 
A more rigid characterisation of this acid has not been carried out, but there can be little doubt 
as to its identity; arguments have been put forward which strongly support its convertibility 
into both pentenoic acids on heating with aqueous alkali. 


Fie. 5. 


Condor 


receiver 

















Analysis of Isomerides.—The iodometric method (Linstead and May, J.,- 1927, 2656) was 
applied exactly as described by Noble (Joc. cit.). Solutions were kept at 20-0° + 0-1° in a water- 
bath in a large Dewar vessel during the iodine additions. Noble’s reference curve was used in 
interpreting the results: curtailment of the work has prevented this curve being confirmed, 
but there can be no doubt as to the purity of the materials used, or of the reproducibility of the 
results under carefully defined conditions. The equivalent (by titration) of the pentenoic acid 
mixture was determined at the same time as the isomeric ratio. 

Recovery of Sodium Salis, Combustions, and Isotopic Analysis ——These operations were 
carried out by methods similar to those fully described in previous papers in this series, modified 
in detail to give greater ease and speed of working. The recovery of samples of water from 
combustions, purifications, and density measurements was quantitative within ordinary analytical 
accuracy. 


BrrKBECK COLLEGE, Lonpon, E.C. 4. [Received, July 23rd, 1940.] 





258. Derivatives of 5:6:4'- and 5:8: 4'-Trihydroxyflavones, and a 
Note on the Structure of Ginkgetin. 
By Writson BAKER and W. H. C. Simmons. 


Ginkgetin, isolated from the leaves of the Maidenhair tree, has previously been 
regarded as 5: 8-dihydroxy-4’-methoxyflavone. The dimethyl ether (II) of this 
substance and the isomeric 5 : 6 : 4’-trimethoxyflavone (V), as well as a number of 
derivatives of both compounds, have been synthesised by established methods, and 
their properties prove that ginkgetin can be neither 5: 8- nor 5: 6-dihydroxy-4’- 
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methoxyflavone. A review of the available evidence indicates that ginkgetin is 
not a simple flavone and is probably best represented in the present state of our 
knowledge by the expression (VIII). 


THE suggestion was made by Furukawa that the yellow, phenolic compound isolated 
from the autumnal leaves of the Maidenhair tree (Ginkgo biloba L.) was probably 5: 8- 
dihydroxy-4’-methoxyflavone (Sci. Papers Inst. Phys. Chem. Res. Tokyo, 1932, 19, 27; 
1933, 21, 278). This substance, which may be termed ginkgetin, showed many of the 
properties of a flavone, and the formula proposed became more probable when it was shown 
that primetin, isolated from the leaves of Primula modesta, was 5 : 8-dihydroxyflavone 
(Baker, Nature, 1939, 143, 900; J., 1939, 956; Baker, Brown, and Scott, J., 1939, 1922; 
Nakazawa, J. Pharm. Soc. Japan, 1939, 59, 524; Horii, ibid., p. 552). 

We have accordingly synthesised 5: 8 : 4’-trimethoxyflavone (II), but the compound 
differs widely from ginkgetin dimethyl ether, and a further comparison of certain deriv- 
atives of (II) with the corresponding ginkgetin derivatives proves conclusively that gink- 
getin is not 5 : 8-dihydroxy-4’-methoxyflavone (see Table). As little evidence was adduced 
by Furukawa that ginkgetin was 5: 8- rather than 5: 6-dihydroxy-4’-methoxyflavone, 
both of which are derivatives of hydroxyquinol (cf. previous confusion over the structure 
of primetin, originally thought to be 5: 6-dihydroxyflavone), 5 : 6 : 4'-trimethoxyflavone 
(V) also has been synthesised, but the properties of this compound and derivatives (see 
Table) prove that ginkgetin cannot be 5 : 6-dihydroxy-4’-methoxyflavone. 
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The synthesis of 5 : 8 : 4’-trimethoxyflavone (II) was carried out by a series of reactions 
parallel to those described by Baker, Brown, and Scott (loc. cit.). 2-Hydroxy-3 : 6-di- 
methoxyacetophenone (I) was converted into its O-anisoyl derivative, and this compound 
when treated with sodamide in toluene underwent molecular rearrangement to 2-hydroxy- 
3:6: 4’-trimethoxydibenzoylmethane; the final ring closure to 5: 8 : 4’-trimethoxyflavone 
(II) was effected by heating with sodium acetate in acetic acid. Partial demethylation of 
(II) with aluminium chloride in ether gave 5-hydroxy-8 : 4’-dimethoxyflavone (III), convert- 
ible into an acetyl derivative, but complete demethylation of (II) with hydrobromic acid 
in acetic acid — 5: 6 : 4’-trihydroxyflavone (VI), reorientation of the hydroxyl groups 
having occ through opening and subsequent closing of the flavone ring in the altern- 
ative direction. Methylation of the 5 : 6 : 4’-trihydroxyflavone (VI) so formed gave 5 : 6 : 4’- 
trimethoxyflavone (V) and not 5:8: 4’-trimethoxyflavone (II). A similar change of 
orientation occurs in the formation of 5 : 6-dihydroxyflavone by demethylation of 5 : 8- 
dimethoxyflavone with hydrobromic acid in acetic acid (Baker, Brown, and Scott, Joc. 
cit.). Attempts to demethylate 5 : 8 : 4’-trimethoxyflavone to 5 : 8 : 4’-trihydroxyflavone 
proved unsuccessful (cf. similar attempts to demethylate primetin dimethyl ether without 
conversion into 5 : 6-dihydroxyflavone; Baker, J., 1939, 956), and this reorientation even 
occurred when hydriodic acid (d 1-7) was used at 130°, conditions which Hattori found 
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(Ber., 1939, 72, 1914) were successful in converting 5 : 7-dihydroxy-8-methoxyflavone into 
5:7: 8-trihydroxyflavone without rearrangement. 

5:6:4'-Trimethoxyflavone (V) was synthesised. independently from 2-hydroxy-5 : 6- 
dimethoxyacetophenone (IV), via the stages 2-anisoyloxy-5 : 6-dimethoxyacetophenone and 
2-hydroxy-5 : 6 : 4'-trimethoxydibenzoylmethane, as in the synthesis of (II) (cf. Baker, J., 
1939, 956). Demethylation of (V) with aluminium chloride in ether gave 5-hydroxy-6 : 4'- 
dimethoxyflavone (VII), which yielded a monoacetyl derivative, whereas demethylation 
with hydrobromic acid in acetic acid gave 5 : 6 : 4’-trihydroxyflavone (VI), best character- 
ised as its triacetate. 

The following Table gives the melting points of the derivatives of 5:6: 4’- and 5:8:4’- 
trihydroxyflavones, and of the corresponding ginkgetin compounds. 

Trimethyl Dimethyl Dimethyl ether 
Trihydroxy. Triacetate. ether. ether. acetate. 


5:6: 4’- Rei agensedes 298° 209° 164° 173° 182-5° 
5:8:4’- — —_— 161 146 200 
Ginkgetin derivative .. 330 237—238 225—227 277—278 257—259 


It is now cenit to draw certain conclusions as to the probable structure of ginkgetin, 
a problem of considerable interest in view of the fact that the Maidenhair tree is possibly 
the oldest living plant, having flourished unchanged since the Cretaceous or even Jurassic 
period (see Seward, Science Progress, 1937, 32, 420). Furukawa showed that it contains 
one methoxyl and two phenolic hydroxyl groups, one of which is difficult to methylate 
but gives a reddish ferric chloride reaction and an acetyl derivative. Ginkgetin gives a 
crystalline oxonium salt with hydrochloric acid in acetic acid, and on alkaline hydrolysis 
yields anisic acid, p-hydroxybenzoic acid, and #-hydroxyacetophenone. This establishes 
the partial structure 5-hydroxy-4’-methoxyflavone (see formula VIII), and because 
ginkgetin gives a green ferric chloride reaction and its absorption spectrum indicates the 
absence of a hydroxyl group in position 6 the second phenolic group is most likely to occupy 
position 8. We have now shown that ginkgetin can be neither 5 : 6- nor 5 : 8-dihydroxy-4’- 
methoxyflavone, nor can. it be the known 5: 7-dihydroxy-4’-methoxyflavone (acacetin), 
and are thus forced to the conclusion either that it is not an individual substance, a con- 
clusion which does not seem justified by the known facts, although this possibility is 
mentioned by Furukawa (probably because in one alkaline fusion he isolated what appeared 
to be phloroglucinol), or that it possesses a higher molecular weight than previously 
supposed. The latter conclusion is strongly supported by the high melting points of gink- 
getin derivatives (see Table), and it is significant that the only molecular-weight determin- 
ation carried out was on the diacetyl derivative, which gave a value of 384, whilst Furu- 
kawa’s formula, C,,H,J0,(OAc), requires a molecular weight of 368. Careful examination 
of the recorded analytical data for ginkgetin and its six derivatives shows that the formule 
Ci9H 40, and C,)H,,0, for the parent substance agree very satisfactorily with the analyses, 
giving as a possible structure for ginkgetin the partial formula (VIII). The C,H,O, or 
C,H,O, group must possess an ether oxygen atom and is most likely to be a methylfurano- 
or chromeno-group, or one of the corresponding saturated groupings: In support of this 
structure it may be mentioned that karangin has been shown to be a simple furanoflavonol 
derivative (Manjunath, Seetharamiah, and Siddappa, Ber., 1939, 72, 93), and kellin is 
5 : 8-dimethoxy-2-methy]l-6 : 7-2’ : 3’-furanochromone (Fontl and Salem, Biochem. Z.., 
1930, 226, 166; Spath and Gruber, Ber., 1938, 71, 106), whilst rotenone is a more complex 
derivative of dihydrofuranoisoflavanone. Osajin and pomiferin appear to be complex 
derivatives of 5: 4’-dihydroxy- and 5: 3’ : 4’-trihydroxy-flavone respectively (Wolfram, 
Morgan, and Benton, J. Amer. Chem. Soc., 1940, 62, 1484). 


EXPERIMENTAL. 
2-Anisoyloxy -3 : 6- dimethoxyacetophenone.—2 - Hydroxy - 3 : 6 - dimethoxyacetophenone (I) 
(Baker, Brown, and Scott, loc. cit.) (3-5 g.), pyridine (15 c.c.), and anisoyl chloride (3-3 g.) were 
heated on the water-bath for 20 minutes, dilute hydrochloric acid added, and the solid (5-4 g.) 
collected, washed, and dried. The anisoyl derivative separated from alcohol in colourless 
needles, m. p. 131° (Found: C, 65-3; H, 5-5. C,gH,,O, requires C, 65-4; H, 5-4%). 
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2-Hydroxy-3 : 6 : 4'-trimethoxydibenzoylmethane.—The preceding compound (3-5 g.) was 
added to sodamide (7 g.) finely powdered under toluene (35 c.c.), and the mixture heated on 
the water-bath for 4 hours. The solids were collected, washed with hot benzene, dried, and 
cautiously added to ice-water, and the solution acidified with dilute acetic acid. The solid 
product (1-3 g.) separated from benzene in orange prisms, m. p. 138—139° (Found: C, 65-8; 
H, 5-6. C,,H,,0, requires C, 65-4; H, 5-4%). Its solution in dilute sodium hydroxide was 
pale yellow, and it gave a greenish-yellow colour with alcoholic ferric chloride. 

5:8: 4'-Trimethoxyflavone (II).—2-Hydroxy-3 : 6 : 4’-trimethoxydibenzoylmethane (1 g.) 
was heated on the water-bath for 3 hours with glacial acetic acid (10 c.c.) and anhydrous sodium 
acetate (1 g.), water added, and the solid collected, washed, and dried (0-6 g.): 5:8: 4’- 
Trimethoxyflavone separated from dilute alcohol in pale yellow, microcrystalline prisms, m. p. 
161° (Found in material dried at 120° under diminished pressure: C, 69-1; H, 5°3. C,,H,,O; 
requires C, 69-2; H, 5-1%). In concentrated sulphuric acid it gave a yellow solution without 
fluorescence. 

5-Hydroxy-8 : 4'-dimethoxyflavone (III).—To a solution of aluminium chloride (2 g.) in an- 
hydrous ether (12 c.c.) was added 5: 8 : 4’-trimethoxyflavone (0-2 g.), and the mixture refluxed 
for 18 hours. Water was now added, and the solid orange aluminium complex collected and 
decomposed by boiling for a few minutes with acetic acid (5 c.c.) and concentrated hydrochloric 
acid (2 c.c.). The yellow precipitate obtained on dilution separated from methyl alcohol in 
pale yellow needles, m. p. 146° (Found: C, 68-6; H, 5-0. C,,H,,O, requires C, 68-4; H, 
4:7%). It was insoluble in cold dilute sodium hydroxide solution, but gave an intense apple- 
green colour with alcoholic ferric chloride. The acetyl derivative, prepared by boiling with 
acetic anhydride for 2 hours and adding water, crystallised from methyl] alcohol in colourless 
needles, m. p. 200° (Found: C, 67-4; H, 45. C,,H,,O, requires C, 67-0; H, 47%). 

6-Benzyloxy-2-methoxyacetophenone and 2-Hydroxy-6-methoxyacetophenone.—2-Hydroxy-6- 
benzyloxyacetophenone (28 g.; Baker, Brown, and Scott, loc. cit.) was dissolved in a solution 
of potassium hydroxide (30 g.) in water (120 c.c.) containing acetone (20 c.c.) and stirred at room 
temperature while methyl sulphate (30 c.c.) was added during 1 hour. Further similar quanti- 
ties of alkali and methyl sulphate were then added, and after 12 hours the solution was diluted 
and extracted with ether. The extract yielded the crude product (25-7 g.), which separated 


‘from light petroleum (b. p. 60—80°) in needles, m. p. 74° (Found: C, 74-8; H, 6-3. C,,H,,O, 


requires C, 75-0; H, 6-3%). Hydrolysis of the 6-benzyloxy-2-methoxyacetophenone (23-4 g.) in 
glacial acetic acid (80 c.c.) and concentrated hydrochloric acid (40 c.c.) at 60° for 1 hour gave, 
after dilution, extraction with ether, and isolation of the phenolic material, 2-hydroxy-6- 
methoxyacetophenone (11 g.), the overall yield from 2 : 6-dihydroxyacetophenone by this method 
being 40%. Direct methylation of 2 : 6-dihydroxyacetophenone gives 2-hydroxy-6-methoxy- 
acetophenone in 70% yield (Baker, J., 1939, 959). 

2-A nisoyloxy-5 : 6-dimethoxyacetophenone.—Molecular quantities of 2-hydroxy-5 : 6-dimeth- 
oxyacetophenone (Baker, Joc. cit.) and anisoyl chloride were heated in pyridine, and the product 
isolated as in the case of the isomeric 3: 6-dimethoxy-compound. The anisoyl derivative 
separated from alcohol in needles, m. p. 99° (Found: C, 65-6; H, 5-3. C,,H,,0, requires 
C, 65-5; H, 5-4%). 

2-Hydroxy-5 : 6 : 4'-trimethoxydibenzoylmethane.—The molecular rearrangement of the 
preceding compound (0-75 g.) was carried out as described in the case of the isomeride, twice the 
volume of toluene being employed. The crude product (0-54 g.), also isolated as described, separ- 
ated after several crystallisations from light petroleum (b. p. 40—60°) in orange-red, nodular, 
crystalline masses, m. p. 69° (Found: C, 66-7; H, 5-3. C,,H,,O, requires C, 65-5; H, 5-4%). 
Its solution in aqueous sodium hydroxide was yellow, and in alcoholic ferric chloride it gave 
a reddish-brown colour. 

5:6: 4'-Tvimethoxyflavone (V).—2-Hydroxy-5 : 6 : 4’-trimethoxydibenzoylmethane (0-26 g.), 
acetic acid (4 c.c.), and anhydrous sodium acetate (0-4 g.) were heated on the water-bath 
for 4 hours, water added, and the solid collected, washed, and dried (0-21 g.). 5: 6: 4'-Trimeth- 
oxyflavone separated from alcohol in colourless needles, m. p. 164° (Found in material dried 
at 110° in a vacuum: C, 69-6; H, 5-4. C,,H,,O, requires C, 69-2; H, 5-1%). The mixed 
m. p. with 5:8: 4’-trimethoxyflavone (m. p. 161°) was ca. 136°. Its yellow solution in 
concentrated sulphuric acid was without fluorescence. 

5-Hydroxy-6 : 4'-dimethoxyflavone (VII).—(a) By demethylation of 5: 6 : 4'-trimethoxyflavone. 
5:6: 4'-Trimethoxyflavone (0°15 g.) was refluxed for 18 hours in a solution of aluminium chloride 
(1-5 g.) in absolute ether (6 c.c.), and the product isolated. as in the case of the isomeride 
(III) (yield 0-07 g.). 5-Hydroxy-6 : 4'-dimethoxyflavone separated from methyl alcohol in yellow 
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needles, m. p. 173° (Found: C, 68-4; H, 5-0. C,,H,,O, requires C, 68-4; H, 4-7%). It was 
insoluble in dilute sodium hydroxide solution, and gave an apple-green coloration with alcoholic 
ferric chloride. The acetyl derivative formed colourless needles from alcohol, m. p. 182-5° 
(Found: C, 66-8; H, 4:8. C,,H,,O, requires C, 67-0; H, 47%). 

(b) By methylation of 5:6: 4'-trihydroxyflavone. 5:6: 4'-Trihydroxyflavone (below) (0-05 g.) 
in 50% methyl alcohol (2 c.c.) was shaken at 20° in coal gas with the alternate addition of 
methyl sulphate and dilute sodium hydroxide solution. After 12 hours dilution with water 
precipitated a greenish solid, which separated from alcohol in yellow needles, m. p..and mixed 
m. p. 173°. 

5:6: 4'-Trihydroxyflavone (V1).—(a) From 5:6: 4'-ivimethoxyflavone (V). 5:6: 4’-Tri- 
methoxyflavone (0-04 g.) was heated for 8 hours (oil-bath at 145—150°) with acetic acid (2 c.c.) 
and hydrobromic acid (2 c.c.; d 1-5), water added, and the yellow solid collected and crystallised 
from dilute acetic acid. It separated in spherulitic growths of yellow needles, m. p. 298°, 
which, with the small amount of material available, could not be obtained quite pure (Found : 
C, 65:7; H, 3-4. C,35H,.O, requires C, 66-7; H, 3-7%). 5:6: 4'-Trihydroxyflavone gave an 
orange-yellow solution in aqueous sodium hydroxide, a non-fluorescent yellow solution in 
concentrated sulphuric acid, and an apple-green solution in alcoholic ferric chloride. The 
tviacetyl derivative, prepared by boiling with acetic anhydride for 2 hours and adding water, 
separated from alcohol in colourless needles, m. p. 209° (Found: C, 63-3; H, 4-1. C,,H,0, 
requires C, 63-6; H, 4:0%). 

(b) From 5: 8: 4'-trimethoxyflavone (II). Demethylation (of 0-2 g.) was effected as under 
(a), and the resulting crude product (0-15 g.) was characterised as 5 : 6 : 4’-trihydroxyflavone by 
conversion into the triacetyl derivative (m. p. and mixed m. p. 209°), and by methylation at the 
b. p. with a large excess of methyl sulphate and 15% aqueous potassium hydroxide in presence 
of acetone, which yielded 5 : 6 : 4’-trimethoxyflavone (V), m. p. and mixed m. p. 164°. 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, August 15th, 1940.] 





259. A Colour Reaction of Maleic: Anhydride, p-Benzoquinone, their 
Partially Substituted Derivatives, and Citric Acid. Some Zwit- 
terions. 


By ALEXANDER SCHONBERG and ABDEL FATTAH ALy IsMAIL. 


Maleic anhydride and #-benzoquinone give sensitive colour reactions with 
triphenylphosphine (see Nature, 1939, 144, 910). Similar colour reactions have 
been observed with many of their derivatives which contain one unsubstituted hydrogen 
atom in the group (I). Citric and tvans-aconitic acids fail to give the colour reaction 
with triphenylphosphine, but after short heating (pyrolysis) the test is given owing to 
the formation of methylmaleic anhydride. When triphenylphosphine reacts with 
maleic anhydride, a pale-coloured crystalline zwitterion (III) is formed together with 
a strongly coloured material probably of amorphous nature. 

Tetrachlorobenzoquinone reacts with pyridine in presence of formic or acetic acid 
to form the red zwitterion (VII) and in presence of water to form the yellow-orange di- 
zwitterion (VIII). The latter is also formed by the action of pyridine and water on 
(VII) or tetrabromobenzoquinone. 


Maleic Anhydride and Triphenylphosphine—When a very dilute solution of maleic 
anhydride is treated at room temperature with a few drops of a solution of triphenyl- 
phosphine in chloroform, a permanent orange-red colour is immediately produced. This 
is as far as we know the only sensitive colour test for maleic anhydride. Very minute 
traces can be detected under the microscope. 

Similar colour reactions, in some cases less sensitive and occurring only in boiling 
chloroform, are observed with monosubstituted derivatives of maleic anhydride, ¢.g., 
citraconic (methylmaleic), monochloromaleic, phenylmaleic and cis-aconitic anhydrides. 
The colour test is also shown with maleanil (Anschtitz and Wirtz, Annalen, 1887, 239, 
141; Auwers and Schleicher, ibid., 1899, 309, 346). On the other hand, no colour is 
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developed with the disubstituted derivatives and the other substances, related in some 
way to maleic anhydride, named in group A (p. 1377). 

Dry solid itaconic anhydride (unlike solid maleic anhydride) does not give a colour 
reaction with triphenylphosphine powder, but in solution the colour test is positive owing 
to isomerisation of the anhydride to citraconic anhydride, catalysed by the presence of 
a basic substance (Pfeiffer and Béttler, Ber., 1918, 51, 1819). 

Citric acid and trans-aconitic acid give no reaction with triphenylphosphine, but if they 
are heated above their melting points for a short time and are then treated with triphenyl- 
phosphine solution, intense violet-red colours are immediately produced owing to the 
formation of citraconic and itaconic anhydride respectively. 

Formation of the Phosphorus Betaine (III).—When triphenylphosphine and maleic 
anhydride react in benzene solution at room temperature, a deposit separates which 
consists partly of almost colourless crystals and mostly of a brown, apparently amorphous 
solid. The latter substance forms a reddish-brown solution in chloroform and is re- 
sponsible for the colour reaction described above; it yields triphenylphosphine on heating, 
but its constitution has not yet been elucidated. The crystalline substance is given the 
formula (III), its constitution being based on the fact that a substance (II) of similar be- 
haviour and mode of preparation is obtained from p-benzoquinone and triphenylphosphine 
(Schénberg and Michaelis, Ber., 1936, 69, 1080). The analogous behaviour of p-benzo- 
quinone and maleic anhydride towards triphenylphosphine is another indication of the 
close relationship between the two (compare Pfeiffer.and Béttler, loc. cit.). 


O—PPh, 
+ C 


H ba ‘ 
Cl —PP - 
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p-Benzoguinone and Triphenylphosphine-—When a very dilute solution of p-benzo- 
quinone is treated at room temperature with a few drops of a solution of triphenylphosphine 
in chloroform, a reddish-brown colour is immediately produced. Similar colour reactions, 
in some cases less sensitive and occurring only in boiling chloroform, are given by the 
quinone derivatives named on p. 1377. No colour is developed by the compounds in 
group B (p. 1377), which also includes some other substances, more or less related to 
p-benzoquinone, none of which contains the characteristic group (I). From these facts 
the conclusion may be drawn that the colour reaction is normally not shown by p-benzo- 
quinone derivatives in which all the hydrogen atoms are substituted. However, a colour 
reaction is given by the tetrahalogeno-derivatives (¢.g., chloroanil and bromoanil), possibly 
owing to the formation of a substance such as (IV). A corresponding substance cannot 
be formed from, ¢.g., triphenylphosphine and tetramethy!-p-benzoquinone on account of 
the stability of the methyl groups. 

Theory of the Colour Test.—The fact that wholly substituted derivatives of maleic 
anhydride and p-benzoquinone, with the exception of chloroanil and bromoanil, do not 
show the colour reaction may be due either to steric hindrance or to the absence of the 
characteristic group (I). 

Not all partially substituted derivatives of p-benzoquinone show the colour reaction. 
It is not given by 2 : 5-dimethoxy- and 2 : 5-diethoxy-p-benzoquinone, but these substances 
are known to behave differently from p-benzoquinone in other cases (Erdtman, Proc. Roy. 
Soc., 1933, A, 148, 181; Schwechten, Ber., 1931, 64, 971). If a substance of unknown 
structure (containing no halogen) gives the colour test with triphenylphosphine, the 
presence of the group (I), when forming a part of a quinonoid ring system, may be assumed. 
If the colour test is negative, no conclusion can be drawn with regard to the above- 
mentioned group. 
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Formation of Zwittertons by the Action of Pyridine on Halogenated p-Benzoquinones.— 
The hypothesis of the formation of a substance such as (IV) by the action of tripheny]l- 
phosphine on chloroanil or bromoanil is based, inter alia, on the action of pyridine on 
2 : 3-dichloro-«-naphthaquinone in the presence of water. In the latter reaction, according 
to Ullmann and Ettisch (Ber., 1921, 54, 259), the compound (V) is first formed and then, 
under the influence of water or alcohol, is acted upon by the excess of pyridine in its 
capacity as a base with the formation of (VI; formulated with quinquevalent nitrogen 
in the original publication). 
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We have observed that, if chloroanil is acted upon with pyridine in the presence of 
formic or acetic acid, a red substance is produced which has already been obtained in 
a slightly different way by Imbert (Compt. rend., 1901, 133, 162, 233, 633), to which he 
assigned the formula C;H,N-C,C1,0,°OH (ibid., p. 939), indicating a hydroxyl group and 
only four hydrogen atoms attached to the pyridine ring. We assign to the red substance 
the formula (VII), analogous to (VI). This analogy is based on the fact that both sub- 
stances are formed under similar conditions and show great similarity in properties. 
Ullmann has shown that (VI) yields pyridine when oxidised with potassium permanganate ; 
the same is the case with the red betaine. Pyridine is also obtained easily when the red 
betaine is treated with alkali, ¢.g., sodium carbonate solution (compare the formation of 
pyridine from benzylpyridinium chloride by sodium sulphide ;; Snyder and Speck, J. Amer. 
Chem. Soc., 1939, 61, 2895). The ready formation of pyridine excludes the possibility that 


the pyridine residue is attached to the six-membered carbon ring by means of a C-C 
eh 
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When chloroanil, bromoanil or the red betaine (VII) is acted upon directly with 
pyridine and water, a yellow-orange crystalline substance is obtained which we regard as 
the di-zwitterion (VIII) ; formula (IX) is believed to be improbable [compare the formation 
of 3:6-dichloro-2 : 5-diaminobenzoquinone from chloroanil and alcoholic ammonia 
(Laurent, Annalen, 1844, 52, 347; v. Knapp and Schultz, ibid., 1881, 210, 183)]. Sub- 
stance (VIII) yields pyridine easily on oxidation with potassium permanganate and with 
difficulty on treatment with alkali hydroxide. 


EXPERIMENTAL. 


In the following experiments, except where otherwise stated, the solvent was chloroform and 
the colour tests were carried out at about 20° in tubes 0-7 cm. in diameter. The colours 
developed are given in parentheses. The sensitivities recorded could be largely increased by 
increasing the length of the coloured layer and by using optical measurements. 

Spot Tests—A crystal of maleic anhydride or p-benzoquinone, when treated with a drop 
of a 20% solution of triphenylphosphine (Dodonow and Medox, Ber., 1928, 61, 907; now 
obtainable from British Drug Houses), immediately turned orange-red or reddish-brown 
respectively. Quantities too small to be weighed by an analytical balance were clearly detect- 
able under the microscope. The same applies to methylmaleic anhydride (red), chloromaleic 
anhydride (wine-red), toluquinone (orange-red), 2: 6-dichlorobenzoquinone (red-brown), 
trichlorobenzoquinone (wine-red), tetrachlorobenzoquinone (red), and tetrabromobenzoquinone 
(red). 
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When a crystal of triphenylphosphine was added to a solution of itaconic anhydride, an 
immediate violet-red colour was developed (reddish-violet with microscopic quantities). 

Reaction in the Absence of a Solvent-—When triphenylphosphine was ground with maleic 
anhydride, the mixture became orange-red after a few minutes. In another experiment the 
two solids were placed apart over calcium chloride in a desiccator; the triphenylphosphine 
crystals became superficially orange-red in a few hours (more rapidly when warm) and the 
maleic anhydride crystals gradually diminished in size: - 

A powered mixture of triphenylphosphine and thymoquinone quickly developed an intense 
red colour at 35° (less rapidly at the ordinary temperature). 

Detection of Substances in Solution.—Maleic anhydride. When 2 drops (0-02 c.c.) of 0-19 
m-maleic anhydride (i.e., 0-00037 g.) were added to 0-25 c.c. of a 20% solution of triphenyl- 
phosphine, a permanent orange-red colour was immediately produced. 

Maleic anhydride derivatives. A few crystals of triphenylphosphine (0-01—0-03 g.) were 
added to 0-5 c.c. of a concentrated solution of each of the following substances: freshly dis- 
tilled methylmaleic anhydride (immediate orange, changing to deep violet-red), chloromaleic 
anhydride (immediate deep orange, changing quickly to wine-red), phenylmaleic anhydride 
(immediate deep yellow). With cis-aconitic anhydride (deep red) and maleanil (deep orange- 
red), the colours were produced when the triphenylphosphine crystals were added to their 
boiling solutions in benzene or chloroform. 

Triphenylphosphine. When 4 drops (0-04 c.c.) of 0-038m-triphenylphosphine (i.e., 
0-0004 g.) were added to 1 c.c. of 0-038m-maleic anhydride, an intense orange-red colour was 
immediately produced. 

p-Benzoquinone. Four drops (0-04 c.c.) of 0-19 M-p-benzoquinone (i.e., 0-0008 g.), added to 
0-25 c.c. of a 20% solution of triphenylphosphine, immediately produced a permanent red- 
brown colour. 

p-Benzoquinone derivatives. An orange-red, red or reddish-brown colour, partly depending 
on the concentration (sometimes it was necessary to boil the solution), was immediately de- 
veloped with toluquinone, 2 : 3-dimethyl-, 2 : 5-dimethyl-, 2-methyl-5-isopropyl-, 2 : 6-dichloro-, 
trimethyl-, and trichloro-benzoquinone, 6-hydroxy-4-methoxy-2 : 5-toluquinone (Anslow, Ashley, 
and Raistrick, J., 1938, 439), chloroanil (crystallised six times from toluene to ensure its freedom 
from other chloro-quinones), and bromoanil. The colour reaction was less sensitive with 
a-naphthaquinone, where a reddish-brown colour was formed, which changed to green with 
the separation of green-yeHow crystals. With 2-hydroxy-«-naphthaquinone, in boiling chloro- 
form, a reddish-brown colour was obtained. 

Substances showing no Colour Reaction with Triphenylphosphine.—Group A. Dimethyl-, 
dibromo-, diacetoxy- and diphenyl-maleic anhydrides, maleic acid and its dimethyl ester, 
fumaric acid, citraconic acid, trans-aconitic acid and its anhydride (Malachowski, Giedroyc, 
and Jermanowska, Ber., 1928, 61, 2532), succinic anhydride, phthalic anhydride, anthracene- 
9: 10-endo-aB-succinic anhydride (Clar, Ber., 1931, 64, 2198), citric acid, dibenzylideneacetone, 
and cis- and trans-dibenzoylethylene. In all these cases the test was negative even in highly 
concentrated solutions, in the cold or on boiling, in the dark or in diffuse sunlight. For the 
substances slightly soluble in chloroform, the test was also tried in alcoholic or benzene solution. 

Group B. Tetramethylbenzoquinone, 2-hydroxy-3-methyl-, 2-hydroxy-3-ethyl-, and 2: 3- 
dichloro-x-naphthaquinone, anthraquinone (tested also in benzene), phenanthraquinone, 
quinol, tetrachloroquinol, and 2 : 6-dimethyl~y-pyrone. 

Formation of the Phosphorus Betaine (111).*—A solution of 4-5 g. of maleic anhydride in 160 
c.c. of thiophen-free benzene (dried over sodium) was treated with 12 g. of triphenylphosphine 
in 200 c.c. of the same solvent; the mixture soon became yellow, then orange, and finally brown. 
‘The vessel was tightly closed to prevent oxidation of triphenylphosphine and left in the dark. 
After 24 hours a partly crystalline solid had formed. After 80 hours the deposit (14 g.) was 
removed and washed with cold benzene. It consisted of a mixture of pale yellow crystals and a 
brown amorphous solid. It was boiled for 10 minutes with 250 c.c., then with 150 c.c., of dry 
benzene and the two extracts were mixed and kept at room temperature (20°) for 24 hours; 
2-8 g. of a pale yellow, crystalline solid separated and a further 0-6 g. was obtained by con- 
centrating the mother-liquor to 50 c.c. in a vacuum and keeping it for 3 hours. Recrystallis- 
ation from benzene or by addition of ether to a chloroform solution gave pale yellow 
(almost colourless) needles of the betaine, m. p. about 160° (decomp.), freely soluble in cold 
chloroform, soluble in hot methyl and ethyl alcohol, difficultly soluble in ether and benzene 


* This substance was synthesised by Dr. Robert Michaelis and the senior author. 
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(Found: C, 73-3, 73-5; H, 4-9, 4:9; P, 8-5, 85. C,,H,,O,P requires C, 73-3; H, 4-8; 
P, 86%). 

The residual brown amorphous product was purified by three extractions with dry benzene 
(100 c.c.). A purified sample (0-5 g.) was heated in a stream of dry carbon dioxide. At about 
250° (bath temperature) a colourless liquid distilled which soon crystallised. Heating was 
continued at 320° for 20 minutes. The product (0-12 g.) was triphenylphosphine, as shown by 
a mixed m. p. determination and the colour test with maleic anhydride. 

Action of Pyridine on Tetrahalogenated p-Benzoquinones.—Formation of the ved betaine (VII). 
A solution of chloroanil (7 g.) in 200 c.c. of boiling chloroform was treated gradually with 4:3 g. 
of glacial acetic acid and then with 4-5 g. of pyridine, whereby an intense red colour was 
developed. After 20 minutes a red deposit separated. Boiling was continued for 3 hours. 
The product, after being extracted twice with boiling toluene (to free it from chloroanil), twice 
with a small amount of boiling water, and washed with cold alcohol and with ether, crystallised 
from 50% acetic acid in long, deep red needles (5-6 g.), m. p. above 330°, soluble in hot acetic 
acid and nitrobenzene, slightly soluble in hot water and alcohol, very slightly soluble in cold 
alcohol and ether (Found: C, 49-0; H, 2-0; N, 5-2. Calc. for C,,H,O,NCl,: C, 48-9; H, 1-9; 
N, 5-2%). 

When formic acid (3-3 g.) was used instead of acetic acid in the above experiment, the same 
compound was formed in almost the same yield (Found: C, 48-9; H, 2-1; N, 49%). 

Formation of the orange betaine (VIII). (a) Chloroanil (5 g.) was mixed with 60 c.c. of an 
aqueous solution containing 15 g. of pyridine and refluxed for 10—15 minutes. The brown 
crystalline product was washed with cold water, alcohol, and ether and recrystallised from 
boiling water, forming long orange-yellow prisms (2-1 g.), m. p. above 300°, practically insoluble 
in hot benzene, ether, carbon disulphide, pyridine and nitrobenzene, soluble in boiling water 
(Found: C, 61-6; H, 3-95; N, 91. C,,H,,0O,N,,H,O requires C, 61-5; H, 3-85; N, 9-0%). 

(b) When a mixture of 5 g. of chloroanil and 15 g. of dry pyridine was carefully heated, a 
vigorous reaction took place and a black viscous product was formed. After 10 minutes’ 
heating, the excess of pyridine was decanted, water (15 c.c.) added, and the mixture boiled for 
a few minutes. The brown crystalline solid that separated was treated as in (a); yield, 1-8 g. 

(c) Experiments (a) and (b) were exactly followed with 5 g. of bromoanil and 9-3 g. of 
pyridine [the reaction with dry pyridine in (b) was so vigorous that it occurred in the cold with 
a violent evolution of heat] and also with 2 g. of the red betaine and 5 g. of pyridine. The yields 
of the orange betaine were 1 g. and 1-1 g., respectively, in the first pair of experiments and 
1 g. and 1-2 g. in the second pair (Found: C, 61-6; H, 3-9; N, 9-1%). 

Action of Acetic Anhydride on the Orange Betaine—0-5 G. of the finely powdered betaine 
(containing water of crystallisation) was refluxed with 5 c.c. of acetic anhydride for 2 hours. 
The yellow-orange product, which separated even while hot, was filtered off and washed several 
times with dry ether (yield, almost quantitative). It melted above 300° and its solubility in 
organic solvents was similar to that of the hydrate (Found : C, 64-9; H, 3-5; N, 9-9; CH,°CO, 0. 
C,,.H,,0,N, requires C, 65:3; H, 3-4; N, 9-5%). 

The above anhydrous compound, when boiled with water for some minutes, dissolved. The 
hydrate C,,H,,0,N,,H,O separated on cooling (Found: C, 61-4; H, 40; N, 88%). 

Pyvidine from the Red and the Orange Betaine.—(a) The red betaine (0-9 g.) was (1) refluxed 
with 100 c.c. of 15% sodium carbonate solution for 1 hour, (2) refluxed with 100 c.c. of water 
and treated gradually with 5% potassium permanganate solution until no further discharge 
of colour occurred (about 22 c.c.). The mixtures were then steam-distilled, and the expelled 
pyridine identified in the form of the picrate (mixed m. p.) and roughly estimated as the chloride ; 
the yield in (1) was 0-11 g. and in (2) 0-2 g. 

(b) The orange betaine (0-3 g.) was refluxed with 250 c.c. of water and 37-5 g. of sodium hydr- 
oxide for 1 hour. Steam-distillation then gave a small yield of pyridine. 0-5 G. of the orange 
betaine, oxidised as described above (100 c.c. of water and 15 c.c. of 15% permanganate solution), 
gave 0-1 g. of pyridine. 


We are indebted to Dr. W. K. Anslow (London), Dr. W. T. Caldwell (Philadelphia), and 
Dr. G. Soliman (Cairo) for the gift of some quinones. 


Fouap I University, Carro, Ecypt. [Received, April 25th, 1940.) 
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260. Quaterphenyl.. Part I. Some Dihydroxy-derivatives. 
By JoHN HarLEy-MAsON and FREDERICK G. MANN. : 


4:4’ Dihydroxyquaterphenyl (II; R = OH) has been synthesised through the 
intermediate formation of 4: 4'’-dimethoxyquaterphenyl (II; R = OMe) and of 
4:4’ -dinitroquaterphenyl (II; R= NO,). It is devoid of oestrogenic properties. 
Although it could not be oxidised to the corresponding quinone, vigorous oxidation 
destroyed the terminal benzene nuclei, giving diphenyl-4 : 4’-dicarboxylic acid. 
Similar oxidation of the dinitro-compound (II; R = NO,), however, ruptured the 
inner benzene nuclei, with the formation of 4-nitrodiphenyl-4'-carboxylic acid. 

The isomeric 2 : 2’”’- and 2 : 4’’’-dihydroxyquaterphenyls have also been synthesised 
via their dimethoxy-derivatives, and their properties studied. 


THE present investigation was undertaken primarily to prepare 4 : 4’”’-dihydroxyquater- 
phenyl * and to investigate its physiological action and its possible conversion into the 
corresponding quinone. 

Guglialmelli and Franco (Anal. Asoc. Quim. Argentina, 1931, 19, 5) prepared 4’-iodo- 
4-nitrodiphenyl by the simultaneous iodination and nitration of diphenyl, a method 
which we have improved to obtain a 30% yield of the pure product. The latter can be 
converted through the 4-amino- into the 4-hydroxy-compound, which on methylation 
gives 4’-iodo-4-methoxydiphenyl (I) (van Alphen, Rec. Trav. chim., 1931, 50, 1111). 
4:4’ -Dimethoxyquaterphenyl (Il; R= OMe) has been obtained by heating 4’-iodo- 
4-methoxydiphenyl with copper and also by converting the corresponding bromo-compound 
into a Grignard reagent and treating the latter with cupric chloride (cf. Krizewsky and 
Turner, J., 1919, 115, 559; Bowden, J., 1931, 1111). Hey and Jackson (J., 1936, 803) 


Moog >< I —> R-C,HyC,HyC,HyC,H,R —> (II; R = OH) 
1.) (II; R = OMe.) 


state that 4’-bromo-4-methoxydiphenyl will not react with magnesium, but we find that 
reaction readily takes place after initiation by a small quantity of ethyl bromide. The 
dimethoxy-compound (II; R = OMe) was demethylated with hydrogen iodide, and the 
crude product purified by conversion into 4 : 4’”’-diacetoxyquaterphenyl, which on hydrolysis 
gave 4: 4’"-dihydroxyquaterphenyl (II; R = OH); the latter has also been characterised 
by conversion into 4 : 4’”’-dichloroacetoxyquaterphenyl. 

Three other synthetic routes to the dihydroxy-compound (II; R= OH) were in- 
vestigated. When 4’-iodo-4-nitrodiphenyl was heated with copper bronze, 4 : 4’’’-dinitro- 
quaterphenyl (11; R = NO,) was obtained in a maximum yield of 20%. This yield is, 
however, in marked contrast with the high yield of 4 : 4’-dinitroc:pheny] similarly obtained 
from p-iodonitrobenzene, and is probably due partly to direct reduction of the nitro-group 
by the copper: evidencé for such reduction when 2’-iodo-4-nitrodiphenyl is heated with 
copper has been claimed by Sako (Bull. Chem. Soc. Japan, 1935, 10, 585), who, however, 
obtained a 53% yield of 4 : 4’’’-dinitro-o-quaterphenyl by this method. Our attempts to 
prepare the dinitro-compound by direct nitration of quaterphenyl failed, the substance 
being either unchanged or converted into a mixture of polynitro-derivatives. Reduction 
of the dinitro-compound by Sako’s method (loc. cit.) gave 4: 4'-diaminoquaterphenyl 
(II; R = NH,), which, when tetrazotised and boiled with water, gave the 4 : 4’”’-dihydroxy- 
compound. The low yield obtained makes this method inferior to the former method. 


* In this paper, the /-quaterphenyl system has been numbered in accordance with scheme (A). 
This differs from scheme (B) adopted by American Chemical Abstracts (see Chem. Abstr., 3rd Decennial 


(A.) (B.) 
Index, 1927—.1936, 6897), but brings the nomenclature of quaterpheny! into line with that adopted for 
terphenyl by von Braun, Irmisch, and Nelles (Ber., 1933, 66, 1472) and vf France, Heilbron, and Hey 
(J., 1938, 1365). 
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A third attempted synthesis was based on Bamberger’s reaction (Ber., 1897, 30, 366) 
between N-nitrosoacetanilide and benzene to give diphenyl, a reaction which has been 
considerably extended by France, Heilbron, and Hey (J., 1938, 1364; 1939, 1283, 1288; 
this vol., p. 369) and Haworth and Hey (this vol., p. 361). Benzidine was therefore con- 
verted into NN’-bisnttrosoacetylbenzidine, and the latter treated with an excess of anisole; 
the only product isolated was a small quantity of diacetylbenzidine. This failure is remark- 
able, since Haworth and Hey (this vol., p. 366) have shown that this dinitroso-compound 
(no analysis or decomposition point being given) condenses with benzene to give a low yield 
of quaterphenyl. Furthermore, Heilbron e¢ al. (loc. cit.) state that anisole can replace 
benzene in this type of reaction. 

Finally, in an application of Gomberg and Bachmann’s method (J. Amer. Chem. Soc., 
1924, 46, 2339) for the union of aryl nuclei by the direct condensation of a diazo-compound 
in weakly alkaline solution with an aromatic hydrocarbon, tetrazotised benzidine was 
treated with an excess of anisole, but no recognisable derivative was isolated. 

In view of the definite oestrogenic activity of 4: 4’-dihydroxydiphenyl (Dodds and 
Lawson, Nature, 1936, 137, 996), it was possible that 4 : 4’’’-dihydroxyquaterphenyl would 
possess similar, although weaker, properties. It has been tested by Professor E. C. Dodds, 
who finds, however, that it is quite inactive in this respect. 

Attempts to oxidise the dihydroxy-compound to the corresponding quinone, either 
with the usual chemical oxidising agents or with peroxidase, failed. This failure was not 
unexpected, in view of the experimental difficulties caused by the insolubility of the phenol, 
and also of the fact that, since 4 : 4’-diphenoquinone is a very unstable compound, the 
required quinone would probably possess extreme instability. 

The application of a more vigorous oxidising agent, namely, a boiling solution of 
chromium trioxide in acetic acid, caused, however, a complete rupture of the two outer 
benzene rings in the dihydroxy-molecule, with the formation of diphenyl-4 : 4’-dicarb- 
oxylic acid in almost theoretical yield. The same oxidation occurred, but more slowly, 
with the dimethoxy-compound (II; R= OMe). When the dinitroquaterphenyl (II; 
R = NO,) was similarly treated, rupture of the inner benzene rings occurred, with the 
formation of 4-nitrodiphenyl-4'-carboxylic acid. 

The synthesis of 2: 2’’-dihydroxyquaterphenyl (X) was next undertaken. The 
interaction of anisole and #-bromophenyldiazotate under Gomberg and Bachmann’s 
conditions (loc. cit.) gave a product from which were isolated 4’-bromo-2-methoxydiphenyl 
(III) and the isomeric 4~-methoxy-compound (IV), previously prepared. by Bell (J., 1930, 
1075). -Iodophenyldiazotate similarly gave 4'-todo-2-methoxydiphenyl (V) and the 
isomeric 4-methoxy-compound. 


H vir) 
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2-Aminodiphenyl on nitration gave 4’-nitro-2-aminodiphenyl (VI) (Finzi and Bellavito, 
Gazzetta, 1934, 64, 335), the constitution of which has been proved by Scarborough and 
Waters (J., 1927, 89). _The compound (VI) was readily converted into 4’-nitro-2-hydroxy- 
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diphenyl (VII) (Christiansen and Harris, J. Amer. Pharm. Assoc., 1933, 22,723), which has 
now been characterised by the preparation of 4’-mttro-2-acetoxydiphenyl. The hydroxy- 
compound on methylation gave 4’-nttro-2-methoxydiphenyl (VIII), and the latter furnished 
4'-bromo-2-methoxydiphenyl (III) and 4’-iodo-2-methoxydiphenyl (V), the constitution 
of which was thus confirmed. 

When the iodo-compound (V) was heated with copper, or when the bromo-derivative 
(III) was converted into a Grignard reagent and boiled with cupric chloride, the product, 
after sublimation or recrystallisation, gave 2: 2’’-dimethoxyquaterphenyl (IX). This 
compound is only slightly soluble in hot alcohol, but is moderately readily soluble in 
boiling benzene, in which it gave a normal molecular weight. Demethylation gave 2 : 2’’- 
dihydroxyquaterphenyl (X), which has been characterised by the preparation of its diacetoxy-, 
dichloroacetoxy-, and di-o-nitrobenzoyl derivatives. The compounds (IX) and (X) are more 
soluble in organic solvents than the isomeric 4 : 4’”’-compounds (II; R = OMe) and (II; 
R = OH) respectively; on oxidation they also give diphenyl-4 : 4’-dicarboxylic acid. 

When a mixture of equal quantities of 4’-bromo-2-methoxy- and of 4’-bromo-4-methoxy- 
diphenyl (III and IV) was converted into a Grignard reagent and then boiled with cupric 
chloride, the product consisted of 2 : 4’’-dimethoxyquaterphenyl (XI) mixed with the 2 : 2’”- 


Me OH 

(XI.) (XII.) 
and 4 : 4’’-isomerides. The 2 : 4’”’-dimethoxy-compound was in most solvents less soluble 
than (IX) and more soluble than (II; R = OMe): it was ultimately obtaine< pure by 
fractional crystallisation, and gave a normal molecular weight in boiling benzene. Its 
solutions show a marked violet fluorescence. Demethylation under the usual conditions 
gave 2 : 4’’'-dihydroxyquaterphenyl (XII), which has also been characterised by the isolation 
of its diacetoxy-, dichloroacetoxy-, and di-o-nitrobenzoyl derivatives. Oxidation of the 
dimethoxy- and dihydroxy-compounds (XI and XII) gave diphenyl-4 : 4’-dicarboxylic 
acid. 


No attempts were made to oxidise the two dihydroxy-compounds (X) and (XII) to the 
corresponding quinones, in view of the obvious difficulties. 


EXPERIMENTAL. 


4'-Iodo-4-nitrodiphenyl_—A powdered mixture of diphenyl (150 g.) and iodine (75 g.) was 
heated under reflux on a water-bath for 2 hours, nitric acid (360 c.c. d 1-4) being added during 
the first hour. The cold product was mixed with water, and the yellow solid collected, washed 
with water, and extracted with boiling alcohol (3 x 450¢c.c.). The residue, after crystallisation 
from benzene (2 1.), gave 4’-iodo-4-nitrodiphenyl in long, pale yellow needles (92 g.), m. p. 
212—-214° (Guglialmelli and Franco, loc. cit., give m. p. 202—206°, and Hey and Jackson, loc. 
cit., give 210—211°). 

4'-Iodo-4-methoxydiphenyl (I1).—This was obtained (7 g.) by refluxing methyl iodide (8 g.), 
4'-iodo-4-hydroxydiphenyl (10 g.), and sodium hydroxide (1-4 g.) in methyl alcohol (200 c.c.) 
for 8 hours and crystallising the yellow product from alcohol—benzene; m. p. 182—183°. The 
usual methyl sulphate—alkali method is unsatisfactory owing to the low solubility of the alkali 
salt in water. 

4: 4'-Dimethoxyquaterphenyl (Il; R = OMe).—(l) By the copper method. An intimate 
mixture of 4’-iodo-4-methoxydiphenyl (8 g.) and copper bronze (5 g.) was heated in a nitrogen 
atmosphere at 280° for 1 hour. The product was extracted with boiling alcohol, and the 
residue heated at 0-05 mm.: the dimethoxy-compound sublimed in colourless plates, m. p: 
335—338°. _ A sample recrystallised from glycol monobuty] ether had m. p. 338—340° (Found : 
C, 85-5; H, 6-25. C,,H,,O, requires C, 85-2; H, 6-0%). The yield was considerably reduced 
if the copper heating was conducted in an air atmosphere. The compound was very slightly 
soluble in boiling xylene and glycol monobutyl ether, and moderately easily soluble in boiling 
nitrobenzene, the solutions having a faint blue fluorescence; it was too slightly soluble in 
organic solvents for molecular-weight determinations. 

(2) By the Grignard method. A mixture of magnesium (0-9 g.), ethyl bromide (1 c.c.); and 
ether (10. c.c.) was brought into reaction, and immediately a solution of 4’-bromo-4-methoxy- 
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diphenyl (10 g.) and ethyl bromide (2 c.c.).in benzene (150 .c.c.) at 30° was slowly added. The 
mixture was boiled with stirring for.1 hour, and anhydrous cupric chloride (7 g., dried in a current 
of chlorine at 250°) cautiously added. After a further 3 hours’ boiling, a small quantity of water 
and then concentrated hydrochloric acid were added in turn, and the ether—benzene distilled 
off. The viscous grey residue was extracted several times with concentrated hydrochloric acid 
to remove cuprous chloride, and finally with boiling alcohol. The insoluble residue, a greyish- 
white powder, was dried and sublimed as above, giving the dimethoxy-compound in colourless 
plates (2-9 g.), m. p. 336—339°. 

Oxidation. A mixture of the dimethoxy-compound (0-2 g.), chromium trioxide (1-4 g.; 
25 mols.), and glacial acetic acid (60 c.c.) was boiled for several hours. The crude diphenyl- 
4: 4’-dicarboxylic: acid (0-12 g:, 85% of theoretical) was identified by conversion into the 
methyl ester, m. p. 212—214° (Found: C, 70-8; H, 5-4. Calc. for C,,H,,0O,: C, 71-1; 
H, 5-2%). Ullmann and Meyer (Amnalen, 1904, 332, 73) give m. p. 214°. 

4:4’ -Dihydroxyquaterphenyl (Il; R= OH).—A mixture of the dimethoxy-compound 
(3 g.), acetic acid (20 c.c.), and hydriodic acid (10 c.c., d 1-7, entirely free from phosphorus com- 
pounds) was heated in a sealed tube at 180° for 4 hours. The cold product was diluted with 
water and the crude dihydroxy-compound was collected, dried, dissolved in boiling pyridine 
(100 c.c.), and after filtration boiled for a few minutes with a solution of acetic anhydride (15 
c.c.) in pyridine (20c.c.). Oncooling, 4 : 4’’-diacetoxyquaterphenyl separated in colourless plates, 
m. p. 325° (decomp.) after being washed with alcohol and dried (Found: C, 79-4; H, 5-3. 
C,,H,.0, requires C, 79-6; H, 5-2%). A suspension of the diacetoxy-compound in alcoholic 
hydrochloric acid was boiled for 8 hours, giving 4: 4’-dihydroxyquaterphenyl as a micro- 
crystalline powder, which when washed and dried had m. p. 419—422° (Found: C, 84-9; 
H, 5°6. C,,H,,O0, requires C, 85-2; H,5-3%). The dihydroxy-compound is soluble in pyridine, 
insoluble in all other organic solvents investigated and in aqueous alkali, and slightly soluble 
in alcoholic potash, the solution having a marked greenish-blue fluorescence. 

The finely powdered dihydroxy-compound, when refluxed with an excess of chloroacetic 
anhydride, slowly passed into solution and then crystals of 4 : 4’”’-dichloroacetoxyquaterphenyl 
rapidly separated : these were washed with alcohol, but were too sparingly soluble in organic 
liquids for recrystallisation. The compound decomposed at 360° without melting (Found : 
Cl, 14:4. C,,H,,0,Cl, requires Cl, 145%). All attempts to prepare a di-o-nitrobenzoyl 
compound failed. 

Attempted oxidation of the 4 : 4’”’-dihydroxy-compound in pyridine solution to the corres- 
ponding quinone with lead dioxide, selenium dioxide, or chromium trioxide failed. The 
dihydroxy-compound was oxidised, however, by chromium trioxide in boiling acetic acid 
precisely as the dimethoxy-compound, except that less acetic acid (25 c.c.) was employed and 
the reaction was rather more rapid; the diphenyl-4 ;: 4’-dicarboxylic acid was again isolated 
as its methyl ester, m. p. 213°, unchanged by admixture with the previous sample. 

4: 4'"-Dinitroquaterphenyl (Il; R = NO,).—4’-lodo-4-nitrodiphenyl (39 g.) was heated to 
240°, and copper bronze (10-8 g.) then added: the mixture was stirred occasionally during 6 
hours, the temperature being kept at 235—245°. Manv experiments showed these to be the 
optimum conditions. The cold product was pulverised and extracted with boiling benzene (500 
c.c.), the residue boiled with nitrobenzene (200 c.c.), and this solution filtered; on cooling, 
bright yellow needles of 4: 4'’-dinitroquaterphenyl were deposited, and a small second crop 
was obtained by further extraction of the residue with nitrobenzene. Total yield, 3-2g. These 
needles were sufficiently pure for reduction, but a sample was further purified by sublimation 
at 320°/0-01 mm., the dinitro-compound being obtained in yellow crystals, m. p. 317—320° 
(Found: C, 72-4; H, 4:2; N, 7-1. C,,H,,O,N, requires C, 72-7; H, 4:0; N, 7:1%), almost 
insoluble in most organic solvents. Unchanged 4’-iodo-4-nitrodiphenyl was recovered from the 
benzene extract. 

Oxidation. A mixture of the dinitro-compound (0-2 g.), chromium trioxide (1-3 g.; 22 mols.), 
and acetic acid (80 c.c.) was refluxedifor 1 hour and cooled. The colourless crystals of 4-niivo- 
diphenyl-4'-carboxylic acid which separated were washed and recrystallised from acetic acid— 
benzene, in which they were very sparingly soluble; m. p. 338—340° (Found: C, 63-7; 
H, 4:0; N, 5:7. C,sH,O,N requires C, 64-2; H, 3-7; N, 5-8%). 

4: 4'-Diaminoquaterphenyl (II; R = NH,).—A mixture of the finely powdered dinitro- 
compound (2-7 g.), stannous chloride (12 g.), and acetic acid (200 c.c.) was refluxed for 5 hours 
while dry hydrogen chloride was slowly passed through it. The white precipitated chlorostan- 
nate was decomposed with 20% aqueous sodium hydroxide, and the liberated diamine washed 
and finally sublimed at 310—320°/0-01 mm. The diaminoquaterphenyl was obtained in colour- 


oe - a -iao Mn Mon 





wee rea wwe Sw OS ee. ey ee ee 


@® 


[1940]  Quaterphenyl. Part I. Some Dihydroxy-derivatives, 1383 


less plates, m. p. 312—315° (partial decomp.) (Found: C, 85-0; H, 5-95; N, 8-1. CHyN, 
requires C, 85-6; H, 5-95; N, 8-3%), insoluble in most organic solvents except boiling pyridine, 
from which the diamine crystallised well. 

When solutions of the diamine and of acetic anhydride, both in hot pyridine, were mixed, 
colourless plates of 4 : 4’”’-diacetamidoquaterphenyl rapidly separated; decomp. 385° (Found : 
C, 79-7; H, 5-9; N, 6-9. C,sH,O,N, requires C, 80-0; H, 5-7: N, 6-7%). 

A solution of the diamine (0-22 g.) in concentrated sulphuric acid (8 c.c.) was poured into ice— 
water (30 g.), sodium nitrite (0-1 g.) added, and after 3 hours’ stirring at room temperature, the 
mixture was heated slowly and finally boiled for 20 minutes. The brown flocculent suspension 
was washed, dried, and sublimed at 0-01 mm. The white sublimate obtained at 320—330° 
was acetylated in pyridine solution, plates of 4: 4’’-diacetoxyquaterphenyl being obtained, 
m. p. 325°, unchanged on admixture with an authentic sample. 

NN’-Bisnitvosoacetylbenzidine.—A partial solution obtained by boiling powdered diacetyl- 
benzidine (10 g.) with acetic anhydride (100 c.c.) was poured into acetic acid (150 c.c.) at 5° 
and stirred while nitrous fumes, generated from nitric acid and arsenious oxide and dried by 
passing over calcium chloride and phosphoric oxide, were passed in. After 4} hours the solution, 
which had changed in colour from deep yellow to green, deposited a yellow precipitate, which 
was washed with ice-water and dried. The NN’-bisnitrosoacetyl compound (2 g.) was thus 
obtained in minute yellow crystals, which exploded at 84—87° (Found: N, 17-1. C,.H,,O,N, 
requires N, 17-2%). A second crop (7 g.) was obtained by pouring the mother-liquor into ice- 
water (1000 c.c.) and stirring vigorously. Addition of phosphoric oxide (2 g.) to the original 
reaction mixture decreased the yield. The dinitroso-compound slowly darkened on exposure 
to light and developed an odour of acetic acid. 

4'-Bromo-2-methoxydiphenyl (III).—A mixture of p-bromoaniline (215 g.) and water (100 
c.c.) was heated until the amine melted, concentrated hydrochloric acid (250 c.c.) then added, 
and the whole rapidly cooled to 0° with stirring. A solution of sodium nitrite (90 g.) in water 


- (200 c.c.) was slowly added with cooling and agitation, and the clear solution of the diazo-product, 


after addition of anisole (500 c.c.), was cooled in ice and stirred whilst 5n-sodium hydroxide 
(280 c.c.) was added during 1 hour. After 12 hours, the heavy brown oil which had separated 
was removed and distilled in steam, the flask being heated. ultimately to 220°. Unchanged 


' anisole rapidly came over, and was followed by crude 4’-bromo-2-methoxydiphenyl, which 


soon solidified in the chilled receiver: When, however, crystallisation started in the condenser, 
it indicated that the 4-methoxy-compound was beginning to distil, and a third fraction was 
now collected: since, however, the 4-methoxy-compound is only slightly volatile in steam 
even at 220°, prolonged distillation was required to obtain a good yield of this third fraction. 
The intermediate fraction of the 2-methoxy-compound was recrystallised from alcohol 
to remove oily impurities, and then distilled under reduced pressure to remove traces of the 
less volatile 4-methoxy-isomeride. 4’-Bromo-2-methoxydiphenyl (64 g.) was thus obtained, 
b. p. 200—201°/18 mm., m. p. 63—64°: it was identified by analysis and by a mixed m. p. 
determination with that synthesised from 4'-nitro-2-hydroxydiphenyl (see below). The m. p. 
of the 2-methoxy-compound cannot be taken as a criterion of its purity, as it is unaffected by 
the addition of even 10% of the 4-methoxy-isomeride. Hence in the final distillation of the 
2-methoxy-compound, a residue containing any 4-methoxy-compound must be left undistilled. 
The third fraction was recrystallised thrice from alcohol—benzene, and pure 4’-bromo-4- 
methoxydiphenyl (22 g.), m. p. 144—145°, obtained. Replacement of the above steam-distill- 
ation by direct distillation under reduced pressure gave a rather smaller yield of both compounds. 
4'-lodo-2-methoxydiphenyl (V).—A mixture of p-iodoaniline (217 g.), concentrated hydro- 
chloric acid (200 c.c.), and water (100 c.c.) was diazotised with sodium nitrite (72 g.) in water 
(200 c.c.), and the filtered diazo-solution treated with anisole (500 c.c.) and 5n-sodium hydroxide 
(240 c.c.) precisely..as in the above preparation. Steam-distillation of the heavy oil which 
separated was unsatisfactory, however. The oil was therefore dried, and unchanged anisole 
distilled off directly: the residue was distilled under reduced pressure, and a dark brown oil 
came over at 180—210°/0-4 mm. and solidified. The solid, thrice recrystallised from alcohol, 
gave a less soluble fraction (A), m. p. 118—121°, and the mother-liquor on evaporation gave 
a more soluble fraction (B), m. p. 53—57°. Fraction (A), when twice recrystallised from cyclo- 
hexane, gave 4’-iodo-4-methoxydiphenyl, m. p. 182—183°. -Di-iodobenzene, m. p. 128—129°, 
was recovered from the cyclohexane mother-liquor. Fraction (B) was distilled under reduced 
pressure. A small quantity of p-di-iodobenzene sublimed, and later 4’-iodo-2-methoxydiphenyl 
(27 g.) distilled at 140—143°/0-05 mm. and after recrystallisation from alcohol had m. p. 61— 
63°. Its identity was also confirmed by the synthesis given below. The occurrence of p-di- 
4yY 





eee 





1384 Quaterphenyl. Part I. Some Dihydroxy-derivatives. 


iodobenzene as a by-product in this reaction was unexpected and cannot at present be 
explained. 
PN itvo-2-acetoxydiphenyl.—The 2-hydroxy-compound was boiled with acetic anhydride for 

a few minutes, and the solution poured into water. The 2-acetoxy-compound which separated 
formed needles, m. p. 142—145°, when recrystallised from dilute alcohol (Found: C, 65-6; 
H, 4:3; N, 5-5. C.yH,,0O,N requires C, 65-4; H, 4:3; N, 5-45%). 

4'-Niivo-2-methoxydiphenyl (VIII).—4'-Nitro-2-hydroxydiphenyl (VII), dissolved in aqueous 
sodium hydroxide, was shaken with methyl sulphate (14 mols.), and the mixture warmed at 
60° for 1 hour. After cooling, the oily suspension was extracted with ether. After removal 
of the ether, the residue was distilled, a yellow syrup, b. p. 235—240°/30 mm., passing over 
and rapidly solidifying. Recrystallisation from alcohol—petrol gave the 2-methoxy-compound 
in plates, m. p. 62—64° (Found: C, 68-3; H, 5-0; N, 6-1. C,;H,,O,N requires C, 68-1; 
H, 4:8; N, 6-1%). 

4'-Amino-2-methoxydiphenyl.—A mixture of the nitro-compound (8 g.), reduced iron (7 g.), 


‘acetic acid (2 c.c.), and 70% alcohol (100 c.c.) was refluxed for 4 hours, sodium carbonate 


then added to precipitate the iron, and the liquid filtered. The residue was extracted with hot 
alcohol (100 c.c.), the alcohol added to the filtrate, and the latter distilled until an oily residue 
was obtained. This was dissolved in ether, dried (potassium hydroxide), filtered, and the 
ether removed. The residual amine solidified on standing and was then obtained as the hydro- 
chloride by recrystallisation from a mixture of water (50 c.c.) and concentrated hydrochloric 
acid (5 c.c.) (Found: C, 66-5; H, 6-2; N, 5-9. C,;H,,;ON,HCl requires C, 66-3; H, 6-0; 
N, 6-0%). 

When a mixture of the hydrochloride, sodium acetate, acetic acid, and acetic anhydride 
was boiled for a few minutes and then poured into water, the acetyl derivative separated ; after 
crystallisation from dilute alcohol it had m. p. 147—148° (Found : C, 74-8; H, 6-3.. C,;H,,O,N 
requires C, 74-7; H, 6:2%). 

4'-Bromo-2-methoxydiphenyl (III)—A solution of 4’-amino-2-methoxydiphenyl hydro- 
chloride (3 g.) in hot water (40 c.c.) and concentrated hydrochloric acid (4 c.c.) was quickly 
cooled to 20° with stirring, and the crystalline suspension diazotised by the addition of sodium 
nitrite (1 g.). The solution was filtered and then run slowly into a hot solution of cuprous 
bromide (3 g.) in concentrated hydrobromic acid (30c.c.). The oily bromo-compound was distilled 
in steam at 180°. The bromo-compound rapidly solidified.and after two recrystallisations from 
alcohol had m. p. 62—63° (Found: C, 59-2; H, 4-0; Br, 30-1. C,,H,,OBr requires C, 59-3; 
H, 4-2; Br, 30-4%). : 

4'-Iodo-2-methoxydiphenyl (V).—The diazo-solution obtained as above was treated with 
potassium iodide (3 g.) dissolved in dilute sulphuric acid. The mixture was boiled, iodine 
removed (sodium sulphite), and the residual oil distilled in steam as before. Two recrystallis- 
ations from alcohol gave the 4’-iodo-compound, m. p. 61—63° (Found: C, 50-0; H, 3-9. 
C,3H,,OI1 requires C, 50-3; H, 3-55%). 

2: 2’ -Dimethoxyquaterphenyl (IX).—(1) By the copper method. An intimate mixture of 
4’-bromo-2-methoxydipheny] (4 g.) and copper bronze (3 g.) was heated in a nitrogen atmosphere 
at 280° for 1 hour. The product was extracted with boiling benzene (150 c.c.); the filtrate, 
when concentrated to 40 c.c. and cooled, deposited 2 : 2’’'-dimethoxyquaterphenyl (1-5 g.), which 
after further recrystallisation gave colourless nodular crystals, m. p. 188—191° (Found: 
C, 85-4; H, 6-05; M, ebullioscopic in 0-94% benzene solution, 337; in 1-64% solution, 343; in 
2-98% solution, 349. C,,H,,O, requires C, 85:2; H, 60%; M, 368). 

(2) By the Grignard method. The early stages of this preparation were precisely as those of 
the 4: 4’’-isomeride, a Grignard reagent prepared from magnesium (3-6 g.), ethyl bromide 
(1 c.c.), and ether (20 c.c.) being treated with a solution of 4’-bromo-2-methoxydiphenyl (20 g.) 
in ether (100 c.c.) and later with cupric chloride (14 g.). The crude greyish-white product, 
however, after extraction with hydrochloric acid and then alcohol, was boiled with benzene 
(250 c.c.), and the solution filtered. The filtrate deposited much of the 2: 2’’-dimethoxy- 
quaterphenyl on cooling, and a further crop was obtained by concentration of the mother- 
liquor. Recrystallisation of the united crops (5 g.) from benzene gave crystals as before, 
m. p. 188—191°. 

2: 2’ -Dihydroxyquaterphenyl (X).—Hydriodic acid (10 c.c., d 1-7) was added to a solution 
of the dimethoxy-compound (3 g.) in boiling acetic acid (100 c.c.), and the boiling continued 
for 3hours. Addition of water and cooling caused the 2 : 2’”’~dihydroxy-compound to crystallise; 
after two recrystallisations from 70% alcohol, it formed colourless needlés, which turned pink 
on long exposure to light ; m. p. 238—240° (Found: C, 84-3; H, 5-4. C,gH,,0, requires C, 85-2; 
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H, 53%. All the three isomeric dihydroxy-compounds tended to give low carbon values). 
It is easily soluble in hot alcohol, acetone, ethyl acetate, and aqueous alkalis. 

The 2 : 2’’-diacetoxy-compound was prepared by boiling the dihydroxy-compound with excess 
of acetic anhydride for 15 minutes, adding alcohol, and recrystallising the precipitate from ethyl 
acetate; it formed colourless plates, m. p. 221—224° (Found: C, 791; H, 5-5. C,,H,,O, 
requires C, 79-6; H, 5-2%). 

The 2: 2'"-dichloroacetoxy-compound, similarly prepared from chloroacetic anhydride, 
formed needles, m. p. 166—169° (Found: C, 68-25; H, 3-9; Cl, 14:2. C,,H,,O,Cl, requires 
C, 68-4; H, 4-1; Cl, 145%). 

The 2 : 2’"’-di-o-nitrobenzoyl compound was obtained by shaking a solution of the dihydroxy- 
compound in 10% aqueous potash with the calculated quantity of o-nitrobenzoyl chloride. 
After gentle warming, the solid product was collected, washed, dried, and thrice recrystallised 
from alcohol-glycol monoethyl ether, forming colourless plates, m. p. 190—192° (Found: 
N, 4:3. C3gH,,O,N, requires N, 4:3%). 

_ 2:4'"-Dimethoxyquaterphenyl (XI).—A Grignard reagent was prepared as before, from 
magnesium (1-8 g.), ethyl bromide (1 c.c.), and ether (15 c.c.). As soon as reaction started, 
solutions of 4’-bromo-2-methoxydipheny] (5 g.) in ether (25 c.c.) and of the 4-methoxy-isomeride 
(5 g.) in benzene (70 c.c.) were added alternately in quantities of ca. 5 c.c., the mixture being 
maintained at 30°. A vigorous reaction ensued, with ebullition of the mixture. After ca. 1 
hour, the mixture was cooled in ice, and cupric chloride (8 g.) added as before, followed by heating 
on the water-bath for 2 hours with stirring. Water was added, and the residue extracted with 
hydrochloric acid as before. The final residue was boiled with a mixture of alcohol (100 c.c.) 
and benzene (50 c.c.) to extract 2: 2’’’-dimethoxyquaterphenyl and other impurities. The un- 
dissolved material was boiled with toluene (200 c.c.); the filtered liquid, on cooling, deposited 
some 4 ; 4’’’-dimethoxyquaterphenyl: this was collected, and the filtrate kept at 0° overnight. 
The 2 : 4’’-dimethoxy-compound (2-5 g.) separated in plates, m. p. 223—-224° after recrystallisation 
from benzene (Found: C, 85-3; H, 6-4; M, ebullioscopic in 0-72% benzene solution, 349; in 0-78% 
solution, 362. C,,H,,O, requires C, 85-2; H, 60%; M, 368). The undissolved residue from 
the toluene extraction was almost pure 4 : 4’”-dimethoxy-compound (1-1 g.), m. p. 334—337°. 

2 : 4’’-Dimethoxyquaterpheny] is almost insoluble in alcohol and acetone, sparingly soluble 
in benzene and acetic acid, more readily soluble in toluene, xylene,and chloroform. Its solutions 
have a marked violet fluorescence. 

2: 4'"-Dihydroxyquaterphenyl (XII).—Obtained by demethylation precisely as the 2: 2’’’- 
isomeride and recrystallised from alcohol-acetic acid, the 2: 4’’-dihydroxy-compound was 
obtained as a colourless microcrystalline powder, turning pink on exposure to light, m. p. 
268—270° (Found: C, 84-6; H, 5-8. C,,H,,O, requires C, 85-2; H, 5-3%). Its solubility in 
various organic solvents is very similar to that of the 2 : 2’’-isomeride. 

The following derivatives were obtained precisely as the corresponding 2: 2’’-derivatives : 
diacetoxy-compound, plates, m. p. 189—192° (Found: C, 789; H, 5-1. CygH,,O, requires 
C, 79-6; H, 52%); dichloroacetoxy-compound, plates, m. p. 168—160° (Found: Cl, 14-8. 
C,,H,,0,Cl, requires Cl, 14:5%); di-o-nitrobenzoyl derivative, plates, m. p. 206—208° (Found : 
N, 4:2. C,,H,,O,N, requires N, 4:3%). 


We desire to thank Professor Dodds for his investigation of the dihydroxyquaterphenyl, 


and Dr. B. C. Saunders and Mr. N. B. Chapman, B.A., as thet ecteinaee Se fie geemiions 
experiments. 


THE Universiry CHEMICAL LABORATORY, CAMBRIDGE. [Received, July 25th, 140) 





261. Preparation of Thiophen Derwatives. Part II. 
By N. K. CHAKRABARTY and S. K. Mirra. 


Thioethers formed by the condensation of 8-thioketonic esters with a-halogenated 
fatty esters have been utilised in the synthesis of hydroxythiophens. 


ETHYL carbethoxylevulate cyclises easily to the thiophen derivative during thionation 
(Mitra, Chakrabarty, and Mitra, J., 1939, 1116). Similar results have been obtained with 





1386 Preparation of Thiophen Derivatives. Part II. 


unsubstituted and «f-substituted levulates but in a low yield. An alternative route to 
thiophen derivatives starts from $-thioketonic esters (I; R = H or alkyl) : 


CH,‘C:CR-CO,Et 
(I) CH,C(SH):CR-CO,Et S (II.) 
EtO,C*CHR’ 


CH,—C:CR:CO,Et CH=C-CHR:CO,Et CH; — 


o—caR’ nodes’ co,gteR— 


(III.) (IV.) 
(R and R’ = H or alkyl) 


The condensation of an «-halogenated fatty ester with the sodio-derivative of (I) yields 
the thioether (II) (cf. Mitra, J. Indian Chem. Soc., 1938, 15, 31). In presence of emulsified 
sodium (II) gives the ketone (III), which undergoes internal rearrangement to the hydr- 
oxythiophen (IV). The carbethoxy-group of the crotonic residue in (II) does not take part 
in the cyclisation, since (II; R = H, R’ = Me) gives the hydroxythiophen (IV; R = H, 
R’ = Me) and not the ketone (V; R =H, R’ = Me), as the product gives a coloration 
with ferric chloride. One of the malonic carbethoxy-groups in the thioether (II; R’ = Me; 
R = CO,Et) is eliminated during ring formation and the hydroxythiophen (IV; R = H, 
R’ = Me) is formed. These hydroxythiophens are markedly more acidic than phenols, 
readily giving alkali-metal salts and forming intense violet colorations with ferric chloride. 
Treatment with thionyl chloride readily replaces hydroxyl by chlorine; the chloro- 
compounds, unlike chlorobenzene, are hydrolysed like acid chlorides on boiling with water. 
They are etherified by normal methods. 


EXPERIMENTAL. 


Preparation of Thiophencarboxylic Acids from Levulates.—The thionation of the levulate was 
carried out as described by Mitra, Chakrabarty, and Mitra (loc. cit.). The oil obtained on removal 
of the benzene was hydrolysed with excess of baryta, and the material obtained on acidification 
crystallised from alcohol. Yield, 20—25%. The hydroxythiophen first formed reacted with 
the alcoholic solvent to give the corresponding ether. 

5-Ethoxy-2-methyl-4-ethylthiophen-3-carboxylic acid, from ethyl] B-carbethoxy-a-ethyl-levulate, 
formed colourless needles, m. p. 105° (Found: S, 15-3. C, 9H,,0,S requires S, 14-9%). Ethyl 
af-dicarbethoxylevulate lost the a-carbethoxy-group during thionation, since the thiophen 
obtained was identical with 5-ethoxy-2-methylthiophen-3-carboxylic acid (loc. cit.). 5-Ethoxy- 
2 : 4-dimethylthiophen-3-carboxylic acid, from ethyl §-carbethoxy-a-methyl-levulate, formed 
colourless needles, m. p. 125° (Found: S, 16-1. C,H,,0,S requires S, 16-0%); on de-ethylation 
with hydrobromic acid (d 1-8) it gave 5-hydroxy-2 : 4-dimethylthiophen-3-carboxylic acid, which 
formed colourless needles, m. p. 140° (Found: S, 19-0. C,H,0O,S requires S, 18-6%) 

5-Ethoxy-2-methylthiophen.—Lzvulic acid (25 g.) was dissolved in absolute alcohol (200 c.c.) 
saturated with dry hydrogen chloride at 0°, and hydrogen sulphide passed in for 24 hours. The 
mixture was poured on ice and extracted with benzene. The portion, b. p. 120°/6 mm., of the 
product responded to the indophenin test and did not give a coloration with ferric chloride 
(Found: S, 23-0. C,H, OS requires S, 22-5%). 

Thioethers (II).—The thioketonic ester (I) was dissolved in benzene and added slowly to 
emulsified sodium in benzene suspension at 0°, The sodio-derivative was left at 25° for 8 hours, 
the a-halogenated fatty ester then added, and the mixture refluxed for 6 hours. The ether was 
extracted with benzene and distilled under reduced pressure. 

Ethyl B-(a'-carbethoxyethylthio)crotonate (II; R = H, R’ = Me), from ethyl thioacetoacetate 
(25 8-) and ethyl a-bromopropionate (30 g.), had b. p. 124°/5 mm. (Found: S, 13-3. C,,H,,0,5 
requires S, 13-0%). Ethyl a-(a'-carbethoxyethylthio)ethylidenemalonate (II; R = CO,Et, R’ = 
Me), from ethyl thioacetylmalonate (I; R = CO,Et) (30 8-) and a-bromopropionic ester (30 g.), 
had b. p. 125°/5 mm. (Found: S, 9-8. C,,H,,0,S requires S, 10-1%). Ethyl 6-carbethoxy- 
methylthiocrotonate (II; R = R’ = H), from ethyl thioacetoacetate (50 g.) and ethyl chloro- 
acetate (42 g.), had b. p. 116°/9 mm. (Found: S, 14:2. C, 9H,,0,S requires S, 13-8%). 

Hydroxythiophens.—The thioether (II), was dissolved in dry benzene (6 vols.) containing a 
few drops of alcohol. A small portion of the mixture was added to emulsified sodium (1 mol.) 
suspended in dry benzene (25°). After the reaction had abated, the mixture was kept at 0°, 
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the remaining thioether gradually added, and the whole kept (8 hours) until the sodium had 
dissolved. After addition of aqueous alcohol the precipitate was filtered off, washed with 
alcohol and benzene and acidified, and the liberated hydroxythiophen extracted with benzene. 

Ethyl 3-hydroxythiophen-5-acetate (IV; R = R’ =H), obtained from (Il; R= R’ =H) 
(25 g.), had b. p. 96°/6 mm. (Found: C, 51-3; H, 5-5; S, 17-4. C,H,,0,S requires C, 51-6; 
H, 5-4; S, 17-2%). Ethyl 3-hydroxythiophen-5-a-propionate (IV; R = Me, R’ = H), obtained 
from (II; R = Me, R’ = H) (18 g.), had b. p. 116°/5 mm. and solidified in colourless cubes, 
m. p. 53° (Found: C, 54:3; H, 6-0; S, 15-7. C,H,,0,S requires C, 54-0; H, 6-0; S, 16%). 
Ethyl 3-hydvoxy-2-methylthiophen-5-acetate (IV; R = H, R’ = Me), from (II; R =H, R’ = Me) 
(25 g.), was a pale yellow oil, b. p. 104°/5 mm. (Found: S, 15-5. C,H,,0,S requires S, 16-0%). 
The corresponding acid was also obtained from the thioether (II; R = CO,Et, R’ = Me) 
10 g.). 

; Ethyl 3-Chlorothiophen-5-acetate.—The thiophen (IV; R = R’ = H) (7 g.) was dissolved in 
thionyl chloride (15 c.c.) and left at 25° for 12 hours. On removal of thionyl chloride under 
reduced pressure a yellow oil, b. p. 128°/8 mm., remained (Found: Cl, 17-17. C,H,O,CIS 
requires Cl, 17-35%). 

Ethyl 3-Ethoxythiophen-5-acetate.—The thiophen (IV; R = R’ = H) (10g.), dissolved in dry 
benzene (50 c.c.), was gradually added to emulsified sodium (1-8 g. in 100 c.c. of benzene) and 
kept at 25° for 6 hours. Ethyl iodide (33-5 g.) was added, and the mixture refluxed for 8 hours. 
The benzene extract gave an oil, b. p. 102°/5.mm. (Found: S, 14-5. CC, H,,0,S requires S, 
149%). 


Our thanks are due to Sir P. C. Ray for his interest in this investigation. 


UNIVERSITY COLLEGE OF SCIENCE AND TECHNOLOGY, 
Catcutta, INDIA. [Received, April 11th, 1940.] 





262. Triterpene Resinols and Related Acids. Part XI. The Oxidation 
of Acetyloleanolic Acid and of Methyl Acetyloleanolate with Perbenzoic 
Acid. 


By C. W. Picarp and F. S. Sprinc. 


Treatment of methyl acetyloleanolate (II) with perbenzoic acid gives an oxide (V), 
the m. p. of which is appreciably higher than that of the specimen described by Ruzicka 
and Cohen (Helv. Chim. Acta, 1937, 20, 804). Dilute hydrochloric acid smoothly con- 
verts this oxide into ketoacetyldihydro-oleanolate (VI), previously obtained (among 
other methods) by the action of hydrogen peroxide on methyl acetyloleanolate (II). 
Similar treatment of acetyloleanolic acid (I) with perbenzoic acid does not give an 
oxide but hydroxyacetyloleanolic acid lactone (VII), differing from the isomeric 
product (VIIa) obtained by oxidation of the acetyl acid (I) with hydrogen peroxide in 
the orientation around the hydroxylated carbon atom. The hydroxy-lactone (VII) 
is identical with the product obtained by oxidation of the acetyl acid (I) with potassium 
permanganate. 
In Part III (Spring and Vickerstaff, J., 1934, 1859) it was shown that the product obtained 
by oxidation of B-amyreny]l acetate (III) with hydrogen peroxide (Spring, J., 1933, 1345) 
is identical with that obtained by oxidation of this acetate with perbenzoic acid, and it was 
later shown that this product is a saturated ketone, f-amyranonyl acetate (IV) (Picard, 
Sharples, and Spring, J. Soc. Chem. Ind., 1939, 58, 58; J., 1939, 1045). The mechanism of 
formation of this saturated ketone using hydrogen peroxide probably involves the formation 


(III.) (IVa.) (IVb.) 


of a tertiary-secondary diol (IVa), which is dehydrated to the enol (IVd) of the saturated 
ketone (IV). The formation of the saturated ketone by perbenzoic acid oxidation is 
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presumably indicative of the great instability of the primarily formed oxide (cf. Ruzicka, 
Miiller, and Schellenberg, Helv. Chim. Acta, 1939, 22, 1045). In view of the instability of 
the oxide, an irregularity is to be observed in the oxidation of the closely related methyl 
acetyloleanolate (II). Although this ester differs from B-amyrenyl acetate simply in that 
in the former R = CO,Me and in the latter R = Me, perbenzoic acid oxidation of methyl 
acetyloleanolate gives an oxide (V). With hydrogen peroxide, on the other hand, the 
methyl ester behaves normally and gives the corresponding saturated ketone, methyl 
ketoacetyldihydro-oleanolate (VI) (Ruzicka and Cohen, Joc. cit.). 


H,0, (5) 





R | 


~™~ 
~CO,Me — 
mr 





2 
Acetyloleanolic acid. 
(I.) 


| (1) 


~CH, wf 
2H! Jn 
* 


2 
fB-Amyrenyl acetate. (IV.) 
(III.) 


H,0, (2) 
C,H,-CO,H (2) 


(1) Ruzicka and Schellenberg, Helv. Chim. Acta, 1937, 20, 1553. (2) Spring, J., 1933, 1345; 
Spring and Vickerstaff, J., 1934, 1859; Picard, Sharples, and Spring, J., 1939, 1045. (3) Picard, 
Sharples, and Spring, Joc. cit. (4) This paper. (5) Ruzicka and Cohen, Helv. Chim. Acta, 1937, 
20, 804; Ruzicka, Hésli, and Hofmann, ibid., 1936, 19, 109. (6) Aumiiller, Wedekind, and Schicke, 
Annalen, 1935, 517, 211. (7) Kitasato, Acta Phytochim., 1935, 8, 319; Ruzicka, Cohen, Furter, 
and Sluys-Veer, Helv. Chim. Acta, 1938, 21, 1735. 


‘ 


We have investigated the oxidation of the ester (II) with perbenzoic acid and have 
obtained an oxide (V) which has a considerably higher m. p. (210—212° uncorr. ; 215—217° 
corr.) than that recorded by Ruzicka and Cohen (loc. cit.) (201—204° corr.) ; it does not 
exhibit selective absorption between 2300 and 3300 a. When treated with dilute mineral 
acid, the oxide is isomerised to the saturated ketone, methyl ketoacetyldihydro-oleanolate 
(VI). In view of the stability of this oxide, it was of interest to investigate the action of 
perbenzoic acid on acetyloleanolic acid (I). The reaction led to the formation, in high 
yield, of hydroxyacetyloleanolic acid lactone (VII), m. p. 333°, characterised by the form- 
ation of a diacetyl derivative, m. p. 295°, and by its oxidation with chromic acid to keto- 
acetyloleanolic acid lactone (VIII). The oxidation of acetyloleanolic acid with hydrogen 
peroxide gives a hydroxyacetyloleanolic acid lactone, m. p. 292—294° (corr.) (Ruzicka, 
Hésli, and Hofmann, Helv. Chim. Acta, 1936, 19, 109), whereas, using potassium per- 
manganate, Aumiiller, Wedekind, and Schicke (Amnalen, 1935, 517, 211) obtained an 
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jsomeric hydroxyacetyl-lactone, m. p. 337° (diacetyl derivative, m. p. 292°), which is 
identical with the product we now find is obtained by oxidation of (I) with perbenzoic acid: 
The structural relationship existing between the oxidation products of acetyloleanolic acid 
on the one hand and methyl acetyloleanolate on the other is established by the conversion 

of ketoacetyloleanolic acid lactone (VIII) into methyl ketoacetyldihydro-oleanolate (Kita- 
sato, Acta Phytochim., 1935, 8, 207) and also by the conversion of the lactone (VIII) into 
methyl isoketoacetyloleanolate (IX) (idem, ibid., p. 319; Ruzicka, Cohen, Furter, and 
Sluys-Veer, Helv. Chim. Acta, 1938, 21, 1735), together with the formation of the latter 
ester (IX) by the action of bromine on methyl ketoacetyldihydro-oleanolate (VI) (Picard, 
Sharples, and Spring, Joc. cit.) 


EXPERIMENTAL. 
Melting points are uncorrected except where otherwise stated. 


Methyl Acetyloleanolate Oxide.—Methyl] oleanolate (m. p. 196—197°; 8 g.) (prepared from 
oleanolic acid by means of diazomethane) was heated on the steam-bath for 3 hours with acetic 
anhydride (30 c.c.) and freshly distilled pyridine (30 c.c.). On cooling, the solution deposited 
practically pure methyl acetyloleanolate in prismatic needles (yield, 88%), m. p. 217—219°, 
undepressed in admixture with the specimen described by Picard, Sharples, and Spring (J., 
1939, 1048). Methyl acetyloleanolate (2 g.) was treated with a solution of perbenzoic acid in 
chloroform (0-65n; 25 c.c.) and set aside at 0° for 12 days. The solution was washed with 
3n-sodium carbonate and dried. After removal of the solvent, the residual solid was crystallised 
twice from methyl alcohol, from which methyl acetyloleanolate oxide separated in long needles, 
m. p. 210—212° (uncorr.), 215—217° (corr.) (yield, 68%). Ruzicka and Cohen give m. p. 201— 
204° (corr.) for this oxide. It does not give a coloration with tetranitromethane in chloroform. 
A mixture of the oxide with methyl acetyloleanolate has m. p. 200° and a mixture with methyl 
ketoacetyldihydro-oleanolate [m. p. 192—193°, prepared by the method of Ruzicka and Cohen 
(Helv. Chim. Acta, 1937, 20, 804; Picard, Sharples, and Spring, Joc. cit.)] shows marked softening 
at 180° and is completely molten at 193° (Found: C, 75-0; H, 10-2. Calc. for C,,H,,0, : 
C, 74:9; H, 9-9%). 

Methyl Ketoacetyldihydro-oleanolate.—A solution of methyl acetyloleanolate oxide (0-5 g.) in 
glacial acetic acid (18 c.c.) and 10% hydrochloric acid (0-5 c.c.) was heated on the steam-bath 
for 8} hours and then set aside at room temperature for 36 hours. The product was precipitated 
by the addition of water, and crystallised twice from methyl alcohol, from which methyl keto- 
acetyldihydro-oleanolate separated in rosettes of needles, [«]?#" — 11-4° (J = 1, ¢c = 1-3 in chloro- 
form), m. p. 194—195°, undepressed on admixture with a specimen (m. p. 192—193°) prepared 
by the hydrogen peroxide method (Ruzicka and Cohen, Joc. cit.). A mixture with methyl 
acetyloleanolate oxide had m. p, 172—187°, Ruzicka and Cohen give [a]p — 10° for methyl 
ketoacetyldihydro-oleanolate. 

Hydroxyacetyloleanolic Acid Lactone.—Acetyloleanolic acid (3 g.) was treated with a solution 
of perbenzoic acid in chloroform (0-5n; 50 c,c.) and set aside at 0° for 12 days. A crystalline 
solid (0-5 g.), m. p. 300° (decomp.), which separated was collected and thrice crystallised from 
chloroform-ethyl alcohol, giving hydroxyacetyloleanolic acid lactone in prismatic needles, 
m, p. 333° (decomp.). The chloroform solution was washed with aqueous sodium carbonate, 
and the solvent removed from the dried solution. The residue after six crystallisations from 
chloroform—alcohol gave hydroxyacetyloleanolic acid lactone in prismatic needles, m. p. 333° 
(decomp.), unchanged when mixed with the material described above (total yield, 57%). It 
does not give a coloration with tetranitromethane in chloroform (Aumiiller, Wedekind, and 
Schicke, loc. cit., give m. p. 337° for the hydroxyacetyloleanolic acid lactone) (Found: C, 74-3; 
H,9-7. Calc. for C,H,,O,: C, 74-6; H, 98%). Hydroxyacetyloleanolic acid lactone (0:15 g.) 
was refluxed with acetic anhydride (20 c.c.) and a trace of sodium acetate. The product, 
isolated by means of ether, was crystallised thrice from alcohol, from which the diacetate 
separated in slender needles, m. p, 295° (Aumiiller, Wedekind, and Schicke, loc, ats give m. p. 
292° for the diacetate) (Found: C, 73:0; H,9-1. Calc. for H,5,0, : C, 78-3; 9-4%). 

Ketoacetyloleanolic Acid Lactene. a suspension of hy na distal ay ‘acid lactone 
(0-3 g.) in glacial acetic acid (150 c.c.) was treated during 25 minutes with a solution of chromic 
anhydride (0-1 g.) in 97% acetic acid (20 c.c.) at 40° with . The mixture was then cooled 
to 25° and again treated with a solution of chromic anhydride ( “2 g.) in 97% acetic acid (40.c.c.), 
added during 20 minutes. The solution was maintained at 25° for 18 hours, the excess of 


chromic anhydride destroyed by the addition of a little methyl alcohol, and the solution 
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concentrated to about one-third bulk under reduced pressure. The mixture was largely diluted 
with water and extracted with ether. The extract was washed with aqueous sodium carbonate 
(10%) (no acid fraction was present), and the product, obtained by removal of the solvent, 
crystallised twice from methyl alcohol—chloroform, from which ketoacetyloleanolic acid lactone 
separated in long needles, m. p. 283°. A mixture with a specimen prepared by the method of 
Ruzicka, Hésli, and Hofmann (loc. cit.) (m. p. 279—280°) had m. p. 281—282° (Found : C, 75-3; 
H, 9-6. Calc. for C,,H,,0,: C, 75-0; H, 9-4%). 


THE UNIVERSITY, MANCHESTER. [Received, August 14th, 1940.} 





263. Studies in the Sterol Group. Part XLI. A New 
Epimerisation Process. 


By (Miss) J. BARNETT, I. M. HemtBron, E. R. H. Jones, and K. J. VERRILL. 


A novel process for the conversion of sterols into their epimeric forms, in which the 
hydroxyl group assumes the alternative steric position to the ring plane, has been 
discovered, involving heating under reflux with aluminium isopropoxide in xylene 
solution. By this means epicholesterol and epilumisterol have now been obtained 
directly from the normal sterols, but attempts similarly to epimerise ergosterol, or to 
prepare epiergosterol by other methods, have not been successful. 


Dor&E and GARDNER (J., 1908, 93, 1630) studied the action of sodium and boiling amyl 
alcohol on coprostanol and observed the production of an isomeric compound (epicopro- 
stanol) and, since both sterols gave coprostanone on oxidation, concluded that the differ- 
ence between these isomers lay solely in the position of the hydroxyl group relative to 
the ring plane. This phenomenon was examined further by Windaus and Uibrig (Ber., 
1914, 47, 2384; 1915, 48, 857) and Windaus (Ber., 1916, 49, 1724), who found that chole- 
stanol under similar conditions (or with sodium in boiling xylene or sodium ethoxide at 
180°) was partially converted (10%) into epicholestanol (the mixture being resolved with 
digitonin), and that with coprostanol the equilibrium mixture contained some 90% of 
the epimeric form. Such methods of epimerisation, which have been extensively employed 
by numerous workers in the steroid field, suffer from the disadvantage that with un- 
saturated sterols simultaneous reduction or dehydration may occur. For example, 
saturated sterols are obtained by treating cholesterol with sodium ethoxide at 180° and 
ergosterol is converted under the same conditions into a mixture of the dihydrosterol and 
its epimer (Windaus, Anhagen, Bergmann, and Butte, Annalen, 1930, 477, 268; Heilbron, 
Johnstone, and Spring, J., 1929, 2248), and fucosterol with sodium and amyl alcohol gives 
epi-B-dihydrofucosterol (Coffey, Heilbron, Spring, and Wright, J., 1935, 1205). Both 
dihydrolumisterol and isolumisterol epimerise readily with sodium ethoxide at 200°, but 
lumisterol is dehydrated to a hydrocarbon by this method (Windaus, Dithmar, and Fern- 
holz, Annalen, 1932, 498, 259). 

An alternative route to epimeric steroid alcohols involves the reduction, either catalytic- 
ally or with aluminium isopropoxide, of the corresponding ketones; a mixture of both 
normal and efi-forms is usually produced, separation being effected either by fractional 
crystallisation or by resolution with digitonin. It is significant that in the catalytic pro- 
cess, when an acid medium is employed, cholestanone and coprostanone give mainly 
epicholestanol and coprostanol respectively. On the other hand the latter two saturated 
compounds are the minor constituents (10%) of the equilibrium mixture obtained by 
epimerisation in an alkaline medium, ¢.g., sodium and amyl alcohol. 

epiCholesterol has not been prepared previously by direct isomerisation of cholesterol, 
but has been obtained, together with cholesterol as a partial racemate, by oxidation of 
cholesterylmagnesium chloride (Marker, Kamm, Oakwood, and Laucius, J. Amer. Chem. 
Soc., 1936, 58, 1948), by partial hydrogenation of 3-keto-A®-cholestene (A5-cholestenone) 
with a Raney nickel catalyst (Ruzicka and Goldberg, Helv. Chim. Acta, 1936, 19, 1407), 
and by Wolff-Kishner reduction of the product obtained by the action of potassium 
acetate in acetic acid on 7-ketocholesteryl chloride (Marker, Kamm, Fleming, Popkin, and 
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Wittle, J. Amer. Chem. Soc., 1937, 59, 619; U.S.P. 2,177,355, Chem. Abstr., 1940, 34, 
1038). Resolution with digitonin is usually necessary to ensure the quantitative separ- 
ation of pure epicholesterol, but an alternative procedure involving fractional crystallis- 
ation of the mixed acetates and finally the benzoates has been devised (Marker, Kamm, 
Oakwood, and Laucius, Joc. cit.). 

We have now found that a number of sterols are epimerised to varying extents by 
heating under reflux with aluminium isopropoxide in a neutral solvent. Thus a treatment 
of cholesterol in xylene for 48 hours gave, on resolution with digitonin, a 10% yield of 
epicholesterol (benzoate, m. p. 99-5°). A similar treatment of cholestanol yielded some 
4%, of epimeric form, and neoergosterol has been converted into epineoergosterol in 15% 
yield, a process previously effected by the employment of sodium amyloxide (Windaus 
and Deppe, Ber., 1937, 70, 76). 

Lumisterol under these conditions is readily converted into epilumisterol in yields as 
high as 40%, the crystalline racemate, m. p. 166—158° (Heilbron, Kennedy, Spring, and 
Swain, J., 1938, 869), of lumisterol and its epimer being resolved with digitonin. The 
high yields of epimer obtained in this case and the ease with which the racemate can be 
crystallised and identified, enabled us conveniently to discover the optimum conditions 
for this epimerisation process. Substitution of aluminium ¢ert.-butoxide for the isoprop- 
oxide results in considerably diminished yields of epilumisterol. The optimum temper- 
ature appears to be that of boiling xylene, since the use of benzene or toluene gives rather 
poorer yields and at higher temperatures (decalin) a marked tendency towards the form- 
ation of gums is observed, probably due to dehydration. That under given conditions 
an equilibrium is established has been demonstrated by the production of lumisterol from 
epilumisterol by heating with aluminium isopropoxide in xylene. 

Numerous attempts to epimerise ergosterol by this method have been unsuccessful. 
Treatment in xylene gave, after digitonin precipitation, only an impure ergostatetraene 
formed by dehydration of the sterol or its epimer; at lower temperatures (benzene) minute 
yields of material, m. p. about 180°, not precipitable with digitonin and exhibiting absorp- 


- tion at 2880 A., which may be impure epiergosterol (I), have been obtained. The prepar- 


ation of epiergosterol claimed by Marker, Kamm, Laucius, and Oakwood (J. Amer. Chem. 
Soc., 1937, 59, 1840) has been refuted (Windaus and Buchholz, Ber., 1938, 71, 576), but 
recently the latter authors (Ber., 1939, 72, 1597) have described the isolation of traces of 
impure epiergosterol from the reduction product of ergostatrienone. No details of the 
properties of this substance were given and it is therefore impossible for a comparison to 
be made. 

An alternative approach to the preparation of epiergosterol (I) appeared to be possible 
by the isomerisation of ergostatrienol (epialloergosterol) (II), a product of the reduction 
of ergostatrienone with aluminium isopropoxide. 
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Windaus and Buchholz (Ber., 1939, 72, 597) observed that this compound is dehydrated, 
either by treatment with boiling methyl alcohol containing a little hydrochloric acid or 
on attempted epimerisation with sodium ethoxide at 180°, to an ergostatetraene, m. p. 
865°. We find that sublimation in a high vacuum (10 mm.) both of (II) and of its acetyl 
derivative in the presence of ferric chloride leads to the formation of the same hydro- 
carbon, m. p. 86—87°, as observed by the German authors (max. 2820 A., « = 32,000). 
The strong dextrorotatory power and location of the absorption maximum suggest the 
constitution (III) for this hydrocarbon (cf. Bergmann and Hirschmann, J. Org. Chem., 
1939, 4, 29). High-vacuum sublimation with traces of iodine, mercuric chloride, etc., 
irradiation in acetone solution, and shaking with platinum oxide in methyl alcohol were 
without effect on the ergostatrienol and adsorption of the acetate on alumina yielded a 
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small quantity of a substance, m. p. 131—132°, which may be efi-isoergosteryl acetate 
(max. 2370 a., E}*,, = 330). 


EXPERIMENTAL. 


The aluminium isopropoxide was freshly distilled before use. 

epiCholesterol_—(a) A solution of cholesterol (20 g.) and aluminium isopropoxide (53 g.) in 
dry xylene (500 c.c.) was refluxed for 48 hours. The cooled mixture was poured into dilute 
hydrochloric acid and extracted with ether, the ethereal solution being washed with dilute 
acid and water and dried. The solvents were removed under diminished pressure and the crude 
solid, m. p. 122—127°, obtained was twice crystallised from alcohol, yielding unchanged chole- 
sterol (9-5 g.), m. p. 145—146°. Concentration of the combined mother-liquors gave a second 
fraction (4-5 g.), m. p. 127—-129°, which was acetylated, and, on crystallisation from acetone, 
cholesteryl acetate (2-5 g.) was isolated. The acetate mother-liquors were then hydrolysed 
and combined with the cholesterol residue and the total material was resolved with digitonin 
(7 g.} in the usual manner. The solid fraction (4 g.), not precipitable with digitonin, was 
adsorbed on alumina (100 g.) from light petroleum (b. p. 40—60°), the chromatogram being 
developed with this solvent. After separation of a portion containing a small quantity of 
brown oil, further elution and crystallisation of the residue from methyl alcohol gave pure 
epicholesterol (2 g.), m. p. 140-5°, [a]? — 34° (} = 1, ¢ = 2-7 in chloroform) (lit., m. p. 141°, 
[«]?” — 35°). (The remainder of the non-precipitable portion could not be crystallised and, 
since it gave a red coloration with antimony trichloride in chloroform, it probably contained 
some cholestadiene, formed by dehydration of the sterol.) Treatment with acetic anhydride 
for 2 hours on the steam-bath gave epicholesteryl acetate, which separated from alcohol in 
flat needles, m. p. 84—85° (lit., m. p. 85°). epiCholesteryl benzoate, prepared in the usual manner 
with benzoyl chloride and pyridine in the cold and purified by percolation through alumina 
from benzene solution, separated from methy] alcohol in plates, m. p. 99-5°, [a]#" — 29° (1 = 1, 
¢ = 1-8 in chloroform) (Found: C, 83-45; H, 10-55. C,H, O, requires C, 83-2; H, 10-3%). 

(b) A mixture of cholesterol (2 g.), aluminium isopropoxide (5 g.), and dry benzene (70 c.c.) 
was refluxed for 24 hours. The crude product, isolated as described above, was immediately 
resolved with digitonin, yielding, as non-precipitable portion after crystallisation from methyl 
alcohol, epicholesterol (350 mg.), m. p. 138—139°, undepressed on admixture with a specimen 
prepared by method (a). 

3-Keto-A*-cholestene from epiCholesterol.—epiCholesterol (200 mg.) in dry acetone (6 c.c.) 
was refluxed for 24 hours with freshly distilled (at 10-* mm.) aluminium ¢ert.-butoxide (800 mg.) 
and dry benzene (18 c.c.). The solvents were removed in a vacuum, and the residue repeatedly 
extracted with ether. The oil obtained from the washed and dried extracts crystallised in 
contact with ether—methyl alcohol at 0° and after one recrystallisation from methyl alcohol 
gave 3-keto-A‘-cholestene, m, p. 80°, not depressed on admixture with authentic material. 

epiCholestanol.—A solution of pAiae a (7 g.; m. p. 140—141°; [aJ}" + 23° in chloro- 
form) and aluminium isopropoxide (25 g.) in dry xylene (350 c.c.) was refluxed for 48 hours. 
The crude product, m. p. 127—130°, isolated in the usual manner, after two crystallisations 
from alcohol gave cholestanol (4-5 g.), m. p. 139—140°. Attempts fractionally to crystallise 
the remainder of the product being unsuccessful, the mixture of epimers was resolved with 
digitonin, and from the non-precipitable portion, after two crystallisations from alcohol, epi- 
cholestanol (300 mg.) was isolated, m. p. 182—184°, undepressed on admixture with an 
authentic specimen; [a]? + 32-2° (1 = 1, c = 2-0 in chloroform) (lit., m. p. 184°, [a]? 
+ 33-9°). The acetate had m. p. 92—94°, both alone and mixed with epicholestanyl acetate. 

epineoErgosterol— A mixture of neoergosterol (300 mg., m. p. -152°), aluminium isoprop- 
oxide (1 g.), and dry xylene (20 c.c.) was refluxed for 24 hours. Recrystallisation of the crude 
product from ether-alcohol gave epineoergosterol (50 mg.), m. p. 170° (lit., m. p. 176°). 

epiLumisterol.—A mixture of lumisterol (10 g., m. p, 116°), aluminium isopropoxide (50 g.), 
and dry xylene (350 c.c.) was refluxed for 48 hours. The crude product was isolated as pre- 
viously described and the material from four such experiments (40 g. of lumisterol) was crystal- 
lised from methyl alcohol, from which solvent the lumisterol-epilumisterol complex (31 g.) 
separated in clusters of ‘fine needles, m. p. 156—158°, [a]? + 199° (J = 1, c = 0-6 in chloro- 
form). On resolution of the complex with digitonin in the usual way, recovery from the pre- 
cipitated digitonide yielded epilumisterol (15 g.) in needles from methyl alcohol, m. p. 113°, 
undepressed on admixture with a specimen prepared by the reduction of lumistatrienone 
(Heilbron, Kennedy, Spring, and Swain, loc. cit.). Light absorption in alcohol: Maximum, 
2780 a., loge = 4-08. 





[1940] Cannabis Indica. Part V. 1393 


Epimerisation of epiLumisterol_—A mixture of epilumisterol (1 g.), aluminium isopropoxide 
(5 g.), and dry benzene (40 c.c.) was refluxed for 24 hours. The crude product, m. p. 108— 
130°, on recrystallisation from methyl alcohol yielded the lumisterol-epilumisterol complex 
(130 mg.), m. p. 149—155°. 

Attempted Epimerisation of Ergosterol.—The two following experiments are representative 
of the numerous attempts which have been made to prepare epiergosterol. (a) A mixture of 
ergosterol (10 g.), aluminium isopropoxide (50 g.), and dry xylene (300 c.c.) was refluxed for 
48 hours, and the crude product isolated in the usual manner; resolution with digitonin 
yielded unchanged ergosterol (8-4 g.). The non-precipitable fraction crystallised slowly from 
alcohol to yield an impure ergostatetraene (1-3 g.), m. p. 83—93°, which was recovered un- 
changed on attempted benzoylation. Light absorption in alcohol : Maxima, 2800, 3170, 3310 a., 


(b) A ‘solution of ergosterol (20 8.) and aluminium isopropoxide (50 g.) in dry benzene 
(700 c.c.) was refluxed in the dark in an atmosphere of nitrogen for 160 hours. The crude 
product was crystallised thrice from alcohol and the ergosterol obtained (14-5 g.), m. p. 155— 
156°, was neglected. From the residual mother-liquors a solid fraction (5 g.), m. p. 153—156°, 
was isolated and this was resolved with digitonin (5 g.). The non-precipitable portion 
(100 mg.) had m. p. 175—182° and after adsorption on alumina yielded two fractions, 
m. p. 185—190° and 173—176°, exhibiting similar light absorption in alcohol: Maximum, 
2880 a., Ei%, 100. 


We are indebted to the Rockefeller Foundation for financing this investigation, and to the 
Chemical Society for a grant. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [Received, August 16th, 1940.] 





264, Cannabis Indica. Part V. The Synthesis of Cannabinol. 
By R. Guosn, A. R. Topp, and S. WILKINsoN. 


A series of experiments on the dehydrogenation of derivatives of 3 : 4-cyclohexeno- 
coumarin and of 2 : 2-dimethyl-3’ : 4’ : 5’ ; 6’-tetrahydrodibenzopyran have been carried 
out. By methods derived from these, 6”-hydroxy-2 : 2 : 5’-trimethyl-4"-n-amyldibenzo- 
pyran (IV) has been synthesised by two routes from compounds described in Part IV 
(this vol., p. 1121). The identity of the product with cannabinol, a constituent of 
Indian and Egyptian hashish, was confirmed by comparison of its acetate and 
p-nitrobenzoate with the corresponding esters of the natural material. 


In previous papers of this series evidence has been presented for the view that cannabinol, 
a constituent of Cannabis indica resin first isolated by Wood, Spivey, and Easterfield 
(J., 1896, 69, 539; 1899, 75, 20), is 6’’-hydroxy-2 : 2 : 5'-trimethyl-4"-n-amyldibenzopyran 
(IV). The evidence was derived from the degradative work of Cahn (J., 1930, 986; 1931, 
630; 1932, 1342; 1933, 1400) and Bergel (Amnalen, 1930, 482, 55; 1932, 493, 250), from 
colour reactions, from a consideration of cannabidiol which accompanies it in Egyptian 
hashish and whose structure has been elucidated in its main features by Adams and his 
collaborators (J. Amer. Chem. Soc., 1940, 62, 196, 732, 735, 1770), and finally from absorp- 
tion spectrum measurements on synthetic dibenzopyran and tetrahydrodibenzopyran 
derivatives (Parts III and IV; this vol., pp. 1118, 1121). A final decision as to the correct- 
ness of this view could only be obtained by a complete synthesis of (IV). In Part IV 
(loc, cit.) a general method was described for the synthesis of derivatives of 2 : 2-dimethyl- 
3’: 4’: 5’ : 6’-tetrahydrodibenzopyran by the action of excess of methylmagnesium iodide 
on 3 : 4-cyclohexenocoumarins, and by its use 6’-hydroxy-2 : 2 : 5’-trimethyl-4’’-n-amy]l- 
3’: 4’: 5’: 6’-tetrahydrodibenzopyran (II; R =H) was prepared from 5-acetoxy-5’- 
methyl-7-n-amyl-3 ; 4-cyelohexenocoumarin (I; R= Ac). As was noted briefly in the 
same communication, we have successfully converted (II; R = H) into cannabinol and it 
is the purpose of this paper to record the experiments involved. 

Since a synthesis of cannabinol, to be of any value, must leave no doubt as to the 
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structure of the final product, a dehydrogenating agent was sought which would effect the 
final stage under the mildest possible conditions. The desirability of dehydrogenating 
(II) or the cyclohexenocoumarin (I) from which it was prepared was also considered, since 
it might have been expected that the coumarin would be less liable to disruption and the 
resulting 3 : 4-benzocoumarin (III) could subsequently be converted into (IV) by a Grignard 
reaction. These points were first investigated by model experiments on substances of 
analogous structure derived from more accessible materials than olivetol, which is necessary 
for the synthesis of (I). 


CHMe-CH, OR Psat OR 
C;H,, —> CH, C5H,, (IL) 


Va 
CHS—C\cMe,-0 


(VIL) 

7-Acetoxy-3 : 4-cyclohexenocoumarin (V; R= Ac) underwent dehydrogenation and 
partial deacetylation when heated at 300—310° with palladised charcoal; the crude 
product yielded, on saponification, 7-hydroxy-3 : 4-benzocoumarin. Selenium also effected 
dehydrogenation but was less satisfactory, and this reagent could also be used to dehydro- 
genate 7-hydroxy-3 : 4-cyclohexenocoumarin (V; R= H) directly. The same product 
was also obtained by dehydrogenation of ethyl 2’ : 4'-dimethoxyphenyl-A1-cyclohexene-2- 
carboxylate with sulphur or selenium, followed by demethylation and hydrolysis of the 
product with hydrobromic acid. It was also found that 6’’-acetoxy-2 : 2 : 4’’-trimethyl- 
3’: 4’ : 5’ : 6’-tetrahydrodibenzopyran (VI) could be dehydrogenated by heating for a 
short time with palladised charcoal, yielding the corresponding dibenzopyran. In the 
case of the compounds mentioned above, chloroanil proved ineffective as a dehydrogenating 
agent. 

In the light of experience gained in the above model experiments 6’’-acetoxy-2 : 2 : 5’- 
trimethyl-4’’-n-amy]l-3’ : 4’ : 5’ : 6’-tetrahydrodibenzopyran (II; R=.Ac) was dehydro- 
genated with palladised charcoal. The hydrolysed product, 6’’-hydroxy-2 : 2 : 5'-trimethyl- 
4"-n-amyldibenzopyran (IV), was an almost colourless resin having all the properties of 
cannabinol. The same product was obtained by the following alternative route: (I; 
R = Ac) was dehydrogenated with palladised charcoal, and the product hydrolysed, giving 
5-hydroxy-5'-methyl-7-n-amyl-3 : 4-benzocoumarin (III; R = H), which on acetylation and 
treatment with methylmagnesium iodide furnished (IV). The synthetic product was 
identified with natural cannabinol by preparation of its acetate and p-nitrobenzoate, which 
were identical with the corresponding derivatives prepared from the natural material. 

In order to demonstrate that no rearrangements occur during the dehydrogenation 
processes used in the synthesis, we also dehydrogenated 5’’-acetoxy-2 : 2 : 5’-trimethyl- 
3’: 4’: 5’ : 6’-tetrahydrodibenzopyran in the same way. The hydrolysed product was 
identical with 5’’-hydroxy-2 : 2 : 5’-trimethyldibenzopyran (VII) (m. p. and mixed m. p.) 
prepared by an unambiguous synthetic route which did not involve dehydrogenation 
(Part III; Joc. cit.). 
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EXPERIMENTAL. 

2’ : 4’-Dimethoxyphenyl-A'-cyclohexene-2-carboxylic Acid and its Ethyl Estey.—7T-Hydroxy- 
3: 4-cyclohexenocoumarin (V; R = H) (27 g.) was refluxed with aqueous sodium hydroxide 
(120 c.c. of 15%) for 14 hours, methyl sulphate (30 c.c.) then slowly added, and heating con- 
tinued for a further 2 hours, small quantities of methyl sulphate and alkali being added from 
time totime. The alkaline solution was cooled and acidified, and the product recrystallised from 
alcohol, giving colourless octahedral crystals (24 g.), m. p. 153—154° (Found: C, 68-8; H, 7-2. 
C,sH,,0, requires C, 68-7; H, 6-9%). 

The acid (7 g.) was refluxed for 6 hours with alcoholic hydrogen chloride (78 c.c. of 2%), the 
alcohol removed, and the residue taken up inether. After being washed with sodium carbonate 
and water, the extract was dried and evaporated, and the residual oil distilled. The ester came 
over at 130—140°/0-04 mm. as a colourless syrup, which set to a mass of needles, m. p. 48° 
(Found: C, 70-5; H, 8-0. C,,H,,O, requires C, 70-5; H, 7-6%). 

7-Hydroxy-3 : 4-benzocoumarin.—This compound was prepared by the following methods in 
the course of model experiments. 

(a) From ethyl 2’ : 4'-dimethoxyphenyl-A'-cyclohexene-2-carboxylate. The ester (1-8 g.) was 
heated with sulphur (0-4 g.) at ca. 300° for 4 hours. The mixture was extracted with ether, 
and the extracted material distilled. The main fraction, b. p. 160—170°/0-004 mm., was 
refluxed with concentrated hydrobromic acid (15 c.c. of 48%) during 2 hours; the mixture was 
made alkaline, filtered, and again acidified. 7-Hydvoxy-3 : 4-benzocoumarin separated and was 
recrystallised from alcohol, forming colourless needles (0-7 g.), m. p. 233° (Found: C, 73-3, 
73-4; H, 4-0, 3-8. C,;H,O, requires C, 73-6; H, 3-8%). Using selenium in place of sulphur 
and heating at 300—320° for 24 hours, an analogous experiment yielded the same product 
(m. p. and mixed m. p.); the yield was slightly lower (0-5 g. from 2 g. of the ester). 

(b) From '-acetoxy-3 : 4-cyclohexenocoumarin (V; R= Ac). The acetoxy-compound 
(0-5 g.) was heated with palladised charcoal (0-25 g.) at 300—310° during 7 hours, an odour of 
acetic acid being observed. The product, hydrolysed with alcoholic potassium hydroxide 
(5%) and worked up in the usual way, yielded 7-hydroxy-3 : 4-benzocoumarin in colourless 
needles (0-3 g.), m. p. 233°, undepressed on admixture with material prepared by route (a). 
_ Dehydrogenation with selenium at 300—320° for 24 hours gave the same product (0-9 g. from 
2 g. of the acetate). 

(c) From 1-hydroxy-3 : 4-cyclohexenocoumarin (V; R=H). The coumarin (10 g.) was 
heated with selenium (8 g.) at 300—320° during 36 hours. The product (6 g.), crystallised 
from alcohol, had m. p. 233°, undepressed on admixture with 7-hydroxy-3 : 4-benzocoumarin 
prepared by either of the above methods. 

6" -Hydroxy-2 : 2 : 4''-trimethyldibenzopyran.—6"’-Acetoxy-2 : 2 : 4’’-trimethyl-3’ : 4’ : 5’ : 6’- 
tetrahydrobenzopyran (VI) (0-2 g.) was heated with palladised charcoal (0-1 g.) at 300—310° 
till gas evolution ceased (ca. 30 mins. Gas evolved, 35-5 c.c. Calc. for 2H,, 39 c.c.). The 
product was extracted with ether and hydrolysed with alcoholic potassium hydroxide. The 
dibenzopyran crystallised from ether-light petroleum in colourless needles, m. p. 164° (Found : 
C, 79-6; H, 7-8. C,,H,,O, requires C, 80-0; H, 6-7%). The yield was almost quantitative. 

5-Hydroxy-5'-methyl-7-n-amyl-3 : 4-benzocoumarin (III; R = H).—5-Acetoxy-5’-methyl-7- 
n-amyl-3 : 4-cyclohexenocoumarin (II; R = Ac) (0-7 g.) was heated with palladised charcoal 
(0-4 g.) at 300—310° for 30 mins. (gas evolved, 100 c.c. Calc. for 2H,, 98 c.c.), and the mixture 
worked up as before. The hydrélysed product crystallised from ether—light petroleum in colour- 
less needles, m. p. 187° (Found: C, 77:2; H, 7-0. C,,H,,O, requires C, 77-0; H, 68%). The 
acetate (III; R = Ac), prepared by heating with acetic anhydride in pyridine, formed colourless 
needles (from alcohol), m. p. 98° (Found: C, 74:8; H, 6-8. C,,H,,O, requires C, 74-6; 
H, 6-5%). 

6"-Hydroxy-2 : 2: 5'-trimethyl-4"'-n-amyldibenzopyvan (Cannabinol) (IV).—MethodI. Acetyl- 
ation of 6’’-hydroxy-2 : 2 : 5’-trimethyl-4”-n-amyl-3’ : 4’ : 5’ : 6’-tetrahydrodibenzopyran (II; 
R = H) gave the acetate (II; R = Ac) asa yellowish resin distilling fairly constantly at 140— 
145°/10-* mm. (Found: C, 76-9; H, 9-3. C,3H,,0, requires C, 77-5; H, 90%). This product 
(0-5 g.) was heated for 30 mins. at 300—310° with palladised charcoal (0-25 g.) (gas evolved, 
62 c.c. Calc. for 2H,, 67 c.c.). The product, hydrolysed as before, gave a reddish resin, which 
was distilled.. The main fraction (0-3 g.), a faintly yellow resin, distilled at 160—165°/10-* mm. 
This material showed the same colour reactions as cannabinol isolated from hashish. For 
identification a portion (0-16 g.) was refluxed in pyridine solution with p-nitrobenzoyl chloride 
(0-23 g.) during 3hours. The p-nitrobenzoate crystallised from alcohol in faintly yellow needles, 
m. p. 163—164° undepressed on admixture with authentic cannabinol #-nitrobenzoate 
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(m. p. 162—163°) (Found: C, 73-4; H, 66; N,3-3. Calc. forC,,H,O,N: C, 73-2; H, 6-3; 
N, 3:1%). 

In the distillation of the crude synthetic cannabinol a very small amount of a reddish oil, 
b. p. 190—210°/10-* mm., was obtained. Unlike cannabinol, this by-product gave a reddish- 
violet colour with alcoholic potassium hydroxide; it has not been further investigated. 

Method II. A solution of 5-acetoxy-5’-methyl-7-n-amyl-3 : 4-benzocoumarin (III; R = 
Ac) (9-5 g.) in dry anisole (20 c.c.) was added slowly to a solution of methylmagnesium iodide 
(from 4 g. of methyl iodide and 0-5 g. of magnesium) in anisole. The mixture was heated on 
the steam-bath for 4 hours, cooled, and decomposed with ice and dilute sulphuric acid, and the 
anisole removed by steam-distillation. The residue was extracted with ether, washed with 
aqueous sodium bicarbonate, sodium bisulphite, and then water, dried over sodium sulphate, 
and evaporated. The product distilled at 140—145°/10-* mm. as an almost colourless resin 
(0-4 g.) having the properties of cannabinol (Found: C, 81-3; H, 8-2. Calc. for C,,H,,0,: 
C, 81-3; H, 8-4%). 

In alcoholic solution the synthetic material showed an absorption maximum at 2840 a. 
(c, 17,000) and a minimum at 2510 a.; natural cannabinol has a maximum at 2850 a. (e, 16,790) 
and a minimum at 2500 a. (Jacob and Todd, this vol., p. 649). 

Acetylation of the synthetic product with acetic anhydride in pyridine solution gave the 
acetate, which crystallised from alcohol in colourless prisms, m. p. 75—76° (Found: C, 78-4; 
H, 8-3. Calc. for C,,H,,0,: C, 78-4; H, 8-0%). The acetate was indistinguishable in proper- 
ties from an authentic specimen of cannabinol acetate (m. p. 75°) prepared from hashish, and a 
i mixed m. p. showed no depression. 
5"-Hydroxy-2 : 2 : 5'-trimethyl-3' : 4' : 5’ : 6'-tetrahydrodibenzopyran.—6-Hydroxy-5’-methyl- 

3 : 4-cyclohexenocoumarin (Part IV; loc. cit.) was acetylated, and the acetate treated with excess 
of methylmagnesium iodide in anisole solution in the usual manner. The product was a yellowish 
} resin distilling at 130—135°/10* mm. (Found: C, 78-9; H, 8-5. CygH,O, requires 
} C, 78-7; H, 8-2%). 
5"-Hydroxy-2 : 2 : 5'-tvimethyldibenzopyran (VII).—The above tetrahydro-compound was 
heated with acetic anhydride in pyridine solution, and the crude acetate dehydrogenated with 
palladised charcoal at 300—310°. The product was hydrolysed and worked up as usual, (VII) 
being obtained in colourless needles, m. p. 118°. A mixed m. p. with an authentic specimen 
(m. p. 118°) prepared as described in Part III (Joc. cit.) showed no depression. 


Grateful acknowledgment is made to the University of Calcutta for a Sir T. N. Palit foreign 
research scholarship held by one of us (R. G.) and to Messrs. Roche Products, Ltd., for a grant. 


THE UNIVERSITY, MANCHESTER. [Received, August 19th, 1940.) 





















265. Polycyclic Aromatic Hydrocarbons. Part XX VI. 
1: 2:3: 4-Tetramethylphenanthrene. 
By C. L. Hewett and RicHarD H. MARTIN. 


1:2:3:4-Tetvamethylphenanthrene has been prepared from 1: 2:3: 4-tetra- 
methylphenylacetic acid by the Pschorr reaction. . 






In Part XXII (Hewett, this vol., p. 293) the desirability of obtaining 1 : 2 : 3: 4-tetra- 
methylphenanthrene (III; R =H) was emphasised because it would constitute a link 
between the carcinogenic derivatives of 1 : 2-benzanthracene, 3 : 4-benzphenanthrene and 
chrysene. All of these derivatives contain a phenanthrene system substituted in at 
least two and often three or four of the 1-, 2-, 3-, and 4-positions, and thus 1: 2:3: 4- 
tetramethylphenanthrene can be regarded as the parent of these compounds. The 
synthesis of this compound has now been achieved, and biological testing is being carried 
out, the results of which will be published elsewhere. 

Two previous attempts to synthesise this compound (Hewett, Joc. cit.) failed owing in 
one case to loss of methyl groups from an unsaturated ring during dehydrogenation and 
in the other case, in which the methyl groups were already present in an aromatic ring, to 
ring closure to give the alternative anthracene structure. In the present synthesis both 
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of these difficulties have been overcome by use of the Pschorr method in which the methyl 
groups are originally present in an aromatic ring and ring closure can give only a 
phenanthrene structure. 

1:2:3:4-Tetramethylbenzene was obtained by the two-stage method of Smith and 
Cass (J. Amer. Chem. Soc., 1932, 54, 1614) from a mixture of durene and isodurene (Organic 
Syntheses, Vol. X, p. 32) by means of the sulphonic acid, which was hydrolysed by the 
“ flash method ” of Smith and Lux (J. Amer. Chem. Soc., 1929, 51, 2994). Chloromethyl- 
ation gave 2:3: 4: 5-tetramethylbenzyl chloride (I; X = Cl), obtained by Smith and 
Agre (tbid., 1938, 60, 648) by means of the aldehyde. 

In order to avoid interaction between the reactive chloro-compound and alcohol, 
acetone was used as the solvent in the preparation of the nitrile (I; X = CN) from the 
chloromethyl compound; this is preferable to using cuprous cyanide in phenylacetonitrile 
solution (compare Hewett, Joc. cit.). Sodium 2:3: 4: 5-tetramethylphenylacetate (I; 
X = CO,Na) underwent the Perkin condensation with o-nitrobenzaldehyde to give o-nitro- 
u-2’ : 3’: 4’ : 5'-tetramethylphenylcinnamic acid. 

Reduction of the nitro-acid with ferrous sulphate and aqueous ammonia yielded the 
amino-acid (II), which, after diazotisation and treatment with copper powder, gave a 
mixture of acids from which 1 : 2: 3 : 4-tetramethyl-10-phenanthroic acid (III; R = CO,H) 
was readily isolated. 

Decarboxylation by means of copper bronze in quinoline solution gave 1:2:3:4- 
tetramethylphenanthrene (III; R = H). 


Me H, Me C) ~~ 
M Me Me 
M H,X H Me . 
Me Nc ‘Me 


Me 
(I.) HO. ar) (IIL.) . 
EXPERIMENTAL. 


Chloromethylation of 1: 2:3: 4-Tetvamethylbenzene.—Paraformaldehyde (2-5 g.) was ‘sus- 
pended in glacial acetic acid (70 c.c.), and dry hydrogen chloride passed in to give a clear solu- 
tion. 1:2: 3:4-Tetramethylbenzene (10 g.) was then added, and the solution shaken at room 
temperature for 24 hours (in larger batches it was found necessary to shake for as long as 60 
hours). A white precipitate was filtered off and recrystallised from glacial acetic acid; it 
formed colourless needles, m. p. 146—147°, and was presumably 2:3:4:5: 2’: 3’: 4’: 5’- 
octamethyldiphenylmethane (Found: C, 89-8; H, 10-1. C,,H,, requires C, 899; H, 10-1%). 
The acetic acid filtrate was diluted with water and extracted with benzene. The benzene extract 
was washed with sodium carbonate solution, dried, and distilled. The chloromethyl compound 
(I; X = Cl) had b. p. 145—147°/17 mm. and m. p. 43—45° (Smith and Agre, loc. cit., give b. p. 
139—140°/15 mm. and m. p. 44—45°). Yield, 95 g. from 112 g. of tetramethylbenzene. The 
nitrile (I; X = CN) was prepared by adding a solution of potassium cyanide (32 g.) in water 
(80 c.c.) to a solution of the chloromethyl compound (32 g.) in acetone (350 c.c.). After boiling 
for 12 hours, the acetone was evaporated, and the nitrile extracted in ether and distilled at 
184°/25 mm. Yield, 95%. Hydrolysis of the nitrile (87 'g.) in alcohol (850 c:c.) with potassium 
hydroxide (85 g.) in water (60 c.c.) at the b. p. was complete in 20 hours. The crude acid 
(I; X = CO,H) (82 g.), reprecipitated from sodium carbonate solution, had m. p. 158—160° 
(Smith and Agre, loc. cit., give m. p. 159—160°). 

o-Nitro-a-2’ : 3’ : 4’ : 5'-tetramethylphenyleinnamic Acid.—Sodium 2:3: 4: 5-tetramethyl- 
phenylacetate (35 g., prepared from a solution of the acid in alcohol and the equivalent amount 
of sodium ethoxide solution), o-nitrobenzaldehyde (26 g.), and acetic anhydride (240 c.c.) were 
heated on a water-bath for 40 hours. After decomposition of the acetic anhydride with water, 
the resinous product was dissolved in ether and extracted with sodium carbonate solution. 
The carbonate solution was filtered (charcoal) and acidified, and the acid purified through its 
ammonium salt, which separated in fine yellow needles. The pure acid (12-7 g.) formed light 
cream needles, m. p. 214—215° after several crystallisations from xylene (Found: C, 70-4; 
H, 6-0. C,,H,,0O,N requires C, 70-1; H, 5-9%). 
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o-A mino-a-2' : 3’ ; 4' : 5'-tetramethylphenylcinnamic Acid (I1).—The nitro-acid (10 g.) in 
aqueous ammonia (d 0-88; 50 c.c.) was heated on the water-bath with ferrous sulphate (100 g.) 
in water (250 c.c.) for 2 hours. The black sludge was filtered off and extracted several times with 
1% ammonia solution. The combined extracts were filtered (charcoal) and made acid to litmus 
with acetic acid; the amino-acid (7-8 g.) which separated was purified through its sparingly 
soluble sodium salt and formed bright yellow needles, m. p. 235—236°, after several crystallis- 
ations from xylene (Found: C, 77-3; H, 7-3. C,gH,,0O,N requires C, 77:2; H, 7-2%). 

1:2:3: 4-Tetvamethyl-10-phenanthroic Acid (III; R = CO,H).—The amino-acid (18 g.), 
sodium carbonate (crystalline; 9 g.), and sodium nitrite (4-2 g.) were dissolved in hot water 
(80 c.c.) and cooled. The paste obtained was added in small amounts, with stirring, to 6Nn-sul- 
phuric acid (400 c.c.) cooled to 0°, and copper powder added. After being stirred for 1 hour at 
0°, the whole was warmed on the water-bath for another hour; the precipitate was filtered off, 
dissolved in sodium carbonate solution, and filtered. The mixture of acids obtained by acidi- 
fication was dissolved in methyl alcohol, treated with hydrogen chloride, and boiled for 1 hour. 
Water was then added, and the oil extracted in ether and shaken with sodium carbonate solu- 
tion. The sparingly soluble sodium salt of the less easily esterified 1: 2 : 3 : 4-tetvamethyl-10- 
phenanthroic acid separated, from which, after washing with ether, the free acid (5 g.) was 
regenerated. After crystallisation from acetic acid it formed colourless plates, m. p. 226— 
227° (Found: C, 81-5; H, 6-1. C,,H,,O0, requires C, 82-0; H, 6-5%). 

The ethereal solution was evaporated, the residue distilled from an oil-bath at 220°/0-5 mm., 
and the distillate crystallised from benzene and, after sublimation at 160—170°/0-5 mm., from 
xylene. This by-product, methyl o-hydroxy-a-2’ : 3’ : 4’ : 5'-tetramethylphenylcinnamate, formed 
colourless prisms, m. p. 172—173° (Found: C, 77-4; H, 6-95. C,9H,,0, requires C, 77-4; 
H, 7:15%). 

1:2:3: 4-Tetvamethylphenanthrene.—The foregoing acid (4 g.) in quinoline (40 c.c.) was 
heated at 250—260° with copper bronze (2 g.) for l hour. After cooling and dilution with ether, 
the solution was filtered, washed with dilute hydrochloric acid and sodium carbonate solution, 
dried, and evaporated. The residue, in benzene, was passed through a column of alumina, and 
then distilled from an oil-bath at 190—200°/0-5 mm. The distillate was crystallised from 
acetic acid, 1: 2:3: 4-tetramethylphenanthrene (2-2 g.) separating in colourless plates, m. p. 
92—93° (Found: C, 92-55; H, 7-75. C,,H,, requires C, 92-25; H, 7-75%). 

The hydrocarbon gave an unstable picrate, but the s.-tvinitrobenzene complex separated from 
alcohol in bright yellow needles, m. p. 161—162° (Found: C, 64-55; H, 4-9. C,,H,.,C,H,O,N, 
requires C, 64-4; H, 4:7%). 

No pure quinone could be obtained on oxidation, probably on account of the substitution 
(compare 1: 2-dimethylchrysene; Hewett, this vol., p. 293). The phenanthrene structure 
was confirmed by measurement of the absorption spectrum, for which we are indebted to 
Dr. E. Roe, who will publish the data elsewhere. 


We wish to thank the British Empire Cancer Campaign for a grant to the Hospital which 
has greatly assisted this work. The work forms part of a thesis to be submitted by one of us 
(R. H. M.) in fulfilment of the requirements for a doctorate in the University of Geneva. 


THE CHESTER BEATTY RESEARCH INSTITUTE, THE RoyAL CANCER HOSPITAL (FREE), 
Lonpon, S.W. 3. [Received, August 20th, 1940.) 





266. The Crystal Structure of Picryl Iodide. 
By G. Huse and H. M. Powe Lt. 


The structure of tetragonal crystals of picryl iodide has been investigated by Fourier 
syntheses from X-ray data. The molecules are related by a four-fold screw axis and 
their arrangement approximates to cubic close-packing. The two nitro-groups in the 
o-positions to the iodine atom arewotated so that the three atoms in NO, lie in a plane 
almost at right angles to that of the benzene ring; the third nitro-group is coplanar with 
the ring and its two oxygen atoms are related by the two-fold axis which passes through 
the molecule. 


THE investigation of the structures of a number of compounds of polynitro-compounds 
with aromatic hydrocarbons and other substances has been hampered by a lack of know- 
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ledge of the structures of the polynitro-compounds. In view of the existence of a series of 
these ‘substances containing picryl halides and similar molecules, the structure of picryl 
iodide has been investigated. In this we are concerned particularly with the arrangement 
of the nitro-groups. This has been determined by Fourier analysis. 

Picryl iodide crystallises from benzene in golden-yellow tetragonal bipyramids showing 
the forms {111}, {100}, and {001}. The crystals were measured by Fels (Z. Krist., 1900, 
$2, 384), who found the axial ratio a: c = 1: 1-958. Some structure investigations have 
been carried out by Hertel and Rémer (Z. physikal. Chem., 1933, B, 22, 273), who found 
the unit cell to be a simple one with a = 7-03 a. and c= 19-8a. The diagonal spacing of 
10 A. is the one taken as a by Fels. The density of 2-285 shows that there are four molecules 
in the cell. The odd orders of reflection 400 (and 00) are absent and 00/ appears only 
when / = 4n. These absences correspond to the enantiomorphous space-groups P4,2, 
and P4,2,, and, in agreement with this, the crystals show optical activity. 

From these data the following conclusions regarding the structure were drawn. The 
general space-group position is eight-fold, and the only four-fold position, xx0, lies on the 
two-fold axis of symmetry across the diagonal of the face c. The iodine atom must thus 
be in this position with the two-fold axis of the molecule coinciding with the diagonal of 
the cell. There must be four layers, each occupying 5 A., down the screw axis, and this 
spacing suggests that the plane of the molecules is inclined to the (001) plane. 

The picryl iodide was prepared by the interaction of potassium iodide and picryl chloride 
in alcoholic solution (Hepp, Annalen, 1882, 215, 361) and recrystallised from alcohol and 
benzene. The observations of Fels and of Hertel and Ro6mer were confirmed, and the 
refractive indices were measured for sodium light by a prism method : = 1-756, « = 1-640. 

Weissenberg photographs were taken of approximately cubic crystal fragments, of 
dimensions about 0-15 mm., rotated about the axes [001], [100], and [110], and the in- 
tensities were read off the photographs by visual comparison with a prepared scale. Copper 
radiation from a Philips Metalix tube was used for the photographs. 

The best view of the structure, for purposes of investigation, is that along the two-fold 
~ axis [110], and the structure determination was initially based on the photograph obtained 

by rotation about this axis. A Patterson—-Fourier summation was carried out by using 
values of F’2,, deduced from this photograph, and the projection obtained showed clearly 
the co-ordinate of the iodine atom. A Fourier synthesis was then performed, the signs 
being calculated for the iodine contribution to F,,, and the projection showed the slope 
and general arrangement of the molecules. 

The iodine co-ordinate, x, is 0-045, and the rest of the molecule extends across the cell 
away from the origin; the plane of the molecules is inclined at about 514° to the (001) 
plane, and the two o-nitro-groups are turned up approximately at right angles to the plane 
of the benzene ring while the third (para) group remains flat. On this basis the Fourier 
projection can be explained very well, and from the apparent positions of the other atoms, 
their contributions to F,, were calculated. It was found that the signs are almost 
entirely determined by the iodine contribution and the only ones changed were those of 
550 and 1110.* With these altered signs another Fourier projection was prepared. Owing 
to the surprising hardness of the crystals, the terms of the Fourier series are not sufficiently 
convergent, and in order to eliminate spurious detail an artificial temperature factor, 
eBisin 9/4", was applied, with B = 4, and the summation repeated. The peaks in the 
new projection were slightly more diffuse, but there was an improvement in the clarity of 
the projection, which is shown in Fig. 1. 

Although the general configuration of the molecule is easily seen, it is not possible to 
deduce accurate details of bond lengths and angles from the Fourier projection, so an 
attempt was made to determine these more accurately by trial and error methods. Reson- 
ance with a possible quinonoid structure, in which the iodine atom and the nitrogen of the 
p-nitro-group are both doubly bound to the ring, may produce some distortion of the ring, 
since the resonance of the o-groups is greatly reduced by the steric influence of the iodine 
atom preventing their being coplanar with the ring. It is also possible that these o-groups 
will not be exactly at right angles to the ring, and a wire model of the cell indicated that, 


* Italics are used to indicate that the indices are one-one-ten. 
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from the packing point of view, some movement from this position was desirable. Various 
distortions of the molecule and different bond-lengths and rotations of the nitro-groups 
were tried and checked by calculating Fj49 but, although general agreement was obtained, 
it was impossible to remove some discrepancies and, in particular, the calculated value of 
F559 was always too small. There seemed to be no advantage in assuming any distortion 
of the benzene ring. The calculated F values in the table are those obtained by using 
the dimensions for the molecules which fitted the Fourier projection best; a temperature 


Fic. 1. Fic. 2. 
————> [hg] 
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Projection of relative electron density on face (110). 
Only half the cell down the c direction is shown. 
Contours are drawn at arbitrary equal intervals. 
The corresponding atomic projection is shown in 
Fig. 2. 





Structure projected on (110). Two views of the molecule 
are here presented : in one, A, the two-fold axis 
through the molecule is normal to the plane of 
projection, while in the other, B, the axis lies in 
this plane, but the plane of the ring is inclined to 
that of projection. In A the carbon and nitrogen 
atoms on the axis ave obscured by the iodine atom, 
while in B the view is complicated by overlapping 
of neighbouring molecules, the iodine of one obscur- 
ing the para-carbon atom of the ring in the adjacent 
molecule. The turned-up ortho-nitro-groups and 
the flat pava-group are seen plainly. 











@-I. e-c. e-N. 0-0. 
correction, ¢~®in 4/4", has been applied, with B = 2, and the observed relative F’s have 
been adjusted approximately to an absolute scale by correlation with the calculated values. 
The projection of the molecules on the plane (110) is shown in Fig. 2, corresponding to the 
Fourier projection in Fig. 1. 

A model of the structure shows plainly that the projection on the face (001) would be 
too much complicated by overlapping of the four layers of molecules to show the detail 
of the molecules, but the projection on (100) should show them clearly separated. Accord- 
ingly, a projection of electron density on this face was prepared by using values of F’u, 
from a Weissenberg photograph and signs calculated from the atomic positions indicated 
by the [110] projection. The F’ values were made more convergent by applying the same 
artificial temperature factor as in the previous case. The new projection agreed excellently 
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The projection of the structure on (100) is here 
superposed on the relative electron density 
map. The molecules are clearly separated, 
but are viewed from an awkward angle. 
The bond joining the iodine to the benzene 
ring is inclined at 45° to the plane of pro- 
jection, and the plane of the ring is rotated 
about this axis. 
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with the atomic positions previously deduced: in Fig. 3 these are shown superposed on 
the electron-density map, and the atomic co-ordinates are given below. 
Four-fold positions : Iodine at (0-045, 0-045, 0). 

Carbon at (0-255, 0-255, 0) and (0-533, 0-533, 0). 

Nitrogen at (0-668, 0-668, 0). 
Eight-fold positions : Carbon at (0-400, 0-250, 0-048) and (0-538, 0-388, 0-048). 

Nitrogen at (0-405, 0-099, 0-098). 

Oxygen at (0-790, 0-666, 0-040), (0-303, 0-115, 0-146), and (0-511, 
0-971, 0-806). 
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These atomic co-ordinates correspond with the following dimensions for the molecules : 
I-C = 2-10 A., symmetrical benzene ring with C-C = 1:394.; para-C-N = 1-354. and 
O-N-O angle 120° to allow for resonance effects; ortho-C-N = 1-45 a. and O-N-O angle 
127°. The three atoms of each o-nitro-group lie in a plane inclined at 80° to the plane of 
the ring, and these groups are assumed to be symmetrical. The oxygen atoms of the 
p-nitro-group are structurally equivalent, and this group is necessarily symmetrical. 

The molecules are arranged in four layers related by the four-fold screw axis; each 
molecule is surrounded by twelve others so that the centres of the molecules lie approxi- 
mately on a face-centred cubic lattice. It is particularly noticeable that the iodine atom 
fits into a large hole in the structure, so that its nearest neighbours are about 4 A. away with 
the exception of the nitro-group of the adjacent molecule on the same two-fold axis, the 
I-O distance being here 3-3 a.; this may be due to polarisation of the molecules, which 
would also explain the unexpected hardness of the crystals. The other shortest inter- 
molecular distances are: O-C = 3-14., O-N = 3:04.,0O-O = 3-04. 


The authors thank the Department of Scientific and Industrial Research for a maintenance 
grant to one of them (G. H.). 
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NOTES. 


Tetva-acetyl Aldehydophenylglucosides. By R. TECcwyNn WILLIAMS. 


A COMPARATIVE study of the fate of phenols and their glucosides in the animal body necessitated 
the synthesis of certain phenolic glucosides. One of the methods of synthesis used was that of 
Helferich and Schmitz-Hillebrecht (Ber., 1933, 66, 378), which consists in condensing phenol 
with §-glucose penta-acetate in the presence of anhydrous zinc chloride or p-toluenesulphonic 
acid, whereby an «- or a £-glucoside is formed respectively. When this method is applied to 
the preparation of the glucosides of the hydroxybenzaldehydes, very poor yields are obtained. 
An interesting point, however, emerges in that, whilst no glucoside formation was detected when 
salicylaldehyde was condensed with glucose penta-acetate, m-hydroxybenzaldehyde gave an 
a-glucoside, and p-hydroxybenzaldehyde gave a §-glucoside, irrespective of the nature of the 
catalyst. It has been shown by Sisido (J. Soc. Chem. Ind. Japan, 1936, 39, 217) that salicyl- 
aldehyde does condense with glucose penta-acetate in the presence of p-toluenesulphonic acid 
if a very high vacuum is used, whereby the acetic acid formed is removed, and the condensation 
facilitated. The product obtained, however, is tetra-acetyl salicylic acid B-d-glucoside (helicin 
tetra-acetate). 

Melting points are corrected. 

The condensations were carried out as follows: Equal weights of B-glucose penta-acetate 
and hydroxybenzaldehyde were melted together, and the catalyst (anhydrous zinc chloride, 
10% of wt. of aldehyde; p-toluenesulphonic acid, 1% of wt. of aldehyde) added. The mixture 
was heated and stirred at 120—130° for 30 minutes. It was then partially cooled, and the tarry 
product extracted with benzene. The dark extract was washed with water, then with 5% 
sodium hydroxide solution until clear, and finally with water. The benzene solution was dried 
over anhydrous calcium chloride and evaporated to a syrup under diminished pressure. The 
syrup was triturated with light petroleum and then taken up in ethyl or methyl alcohol. The 
alcoholic solution deposited crystals of the tetra-acetyl glucoside after several days at room 
temperature. 

(a) p-Hydroxybenzaldehyde with p-toluenesulphonic acid as catalyst. The syrup from this 
aldehyde (30 g.) deposited from ethyl alcohol 1—2 g. of tetra-acetyl p-aldehydopheny]-f-d- 
glucoside. Slow recrystallisation from ethyl alcohol gave thick plates, m. p. 145°, [a]}” —28-0° 
in chloroform (c, 0-8) (Mauthner, J. pr. Chem., 1912, 85, 568, gives m. p. 144—145°, but does not 
record a rotation). : 

(b) p-Hydroxybenzaldehyde with anhydrous zinc chloride. Tetra-acetyl p-aldehydopheny!l-f- 
glucoside was again isolated in similar yield, m. p. and mixed m. p. 145°, [a]}®’° —27-9° in chloro- 
form (c = 2-3) (Found: C, 55-9; H, 5-4. Calc. for C,,H,,0,,: C, 55-7; H, 53%). The 
2 : 4-dinitrophenylhydrazone formed a red jelly in ethyl alcohol. After it had been washed with 
water it crystallised from ethyl acetate—acetic acid in orange needles, m. p. 216—218° (Found : 
N, 8-8. Cg7H,_,0,,N, requires N, 8-7%). 
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(c) m-Hydroxybenzaldehyde with p-toluenesulphonic acid. The syrup deposited tetra-acetyl 
m-aldehydophenyl-a-d-glucoside from methyl alcohol. Crystallisation from 40% aqueous 
acetone gave a crystalline powder, m. p. 123—124°, [«]?” + 153-9° in chloroform (c, 2). 

(d) m-Hydroxybenzaldehyde with anhydrous zinc chloride. In this case 30 g. of the aldehyde 
yielded 6-5 g. of the tetra-acetyl a-glucoside, m. p. and mixed m. p. 123—124°, [a]>" + 154-2° 
in chloroform (c = 1) (Found: C, 55-55; H, 55%). Its 2: 4-dinitrophenylhydrazone was an 
orange-yellow powder (from alcohol), m. p. 170° (Found: N, 8-9%). The isomeric tetra- 
acetyl 6-glucoside has been described by Bargellini and De Fazi (Gazzetta, 1915, 45, II, 11), 
who record m. p. 105—107° and [a]) —43-2° (in alcohol). These authors obtained a hard resin 
on deacetylating their tetra-acetate, and a similar result was obtained here on deacetylating 
tetra-acetyl p-aldehydophenyl-f8- and m-aldehydophenyl-a«-glucoside with sodium methoxide in 
methyl alcohol. 

(e) o-Hydroxybenzaldehyde with either catalyst gave a syrup from which no crystalline 
glucoside was obtained. However, crystalline material (prismatic needles) was isolated which 
contained no carbohydrate. This material was optically inactive in chloroform, gave no 
hydrazone with 2: 4-dinitrophenylhydrazine, no coloration with ferric chloride, and was in- 
soluble in water and caustic soda solution. It gave a deep red coloration with concentrated 
sulphuric acid and after recrystallisation from alcohol had m. p. 130°. These properties showed 
it to be 3: 4:7: 8-dibenz-2 : 6 : 9-bisdioxan (disalicylaldehyde). This was confirmed by the 
fact that it did not depress the m. p. of authentic disalicylaldehyde, m. p. 130°, prepared 
according to Adams, Fogler, and Kleger (J. Amer. Chem. Soc., 1922, 44, 1126) by auto-condens- 
ation of salicylaldehyde in the presence of acetic anhydride and concentrated sulphuric acid 
at 0°.—MEDICAL SCHOOL, BIRMINGHAM. [Received, August 14th, 1940.] 





Heat of Hydration of the Proton. By E. C. BauGuan. 


APPLICATION of cycles of the Born—Haber type to acids and bases requires the heat of hydration 
of the proton. This may be obtained in various ways; the simplest is by the following cycle : 


ctr et & Sa 


HX, 
—_ + $u+Sx 
Hy, + Xx, 


where B is the bond-strength, i.e., the heat necessary to break HX into atoms, J the ionisation 
potential of hydrogen, and Sy, Sx, the heats of hydration of the proton and the halogen ion. 

This cycle has been used before, but only, apparently, for hydrogen chloride (van Arkel 
and de Boer, ‘“‘ La Valence et l’Electrostatique,”’ Alcan, Paris, 1936, Chap. 10). As modern 
accurate data have changed considerably the accepted values of some terms, particularly B 
and Ey, the electron affinity of the halogens, a recalculation of Sy + Sx (and hence of Sy) 
is desirable for all four halogens. The values of Q, the exothermic heat of solution of the gas 
in water, in which hydrogen chloride, bromide, and iodide are completely ionised, were taken 
from Landolt—Bérnstein’s Tables, viz., 17-8, 20-0, and 19-2 kg.-cals., respectively. That for 
hydrogen fluoride (11-6) comes from the value HF (monomeric gas) —> HF,, + 11-6 kg.- 
cals. (von Wartenberg and Fitzner, Z. anorg. Chem., 1936, 151, 323), and the assumption 
that, as hydrogen fluoride has about the same acid strength as formic acid, whose heat of ionis- 
ation is only 0-013 kg.-cal. at 25°, that of hydrogen fluoride will be negligible [K,,., HF = 
3-53 x 10 (Fredenhagen and Wellmann, Z. physikal. Chem., 1932, A, 162, 458); K,,-, H*CO,H 
= 1-75 x 10]. The B values are due to Pauling (“ The Nature of the Chemical Bond,” 
1939), viz., HF, 147-5; HCl, 102-7; HBr, 87-3; HI, 71-4. 

Values of the electron affinity of the halogens from Born—Haber cycles for the alkali halides 
have been obtained by Mayer and Helmholz (I) (Z. Physik, 1932, 75, 19), and also by Verwey 
and de Boer (II) (Rec. Trav. chim., 1936, 55, 451); the difference is due to different estimates 
of the van der Waals terms. These results are: (I) F, 95-3; Cl, 86-5; Br, 81-5; I, 74-2; (II) 
F, 92-2; Cl, 83-0; Br, 77-2; I, 69-9. Hence we get for Sy + Sx: (I) 375-6, 345-8, 337-6, 328-2; 
(II) 378-7, 349-3, 341-9, 332-5 for the four halogens respectively. Taking the values for the 
Sx. terms given by Eley and Evans (Trans. Faraday Soc., 1938, 34, 1093), viz., F~ 96; Cl-, 
64; Br, 58; I-, 46 (these are based on the assumption S;- = S,+), we obtain the following 
values of Sq: (I) 280, 282, 280, 282; (II) 283, 285, 284, 287. Mean Sy+ = 282-5 + 3 kg.-cals.— 
THE UNIVERSITY, MANCHESTER, 13. ([Received, August 12th, 1940.] 
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Report of the Committee for the Reform of Inorganic Chemical 
Nomenclature, 1940. 


W. P. JorissEN (Chairman), H. Bassett, A. DAMIENS, F. FICHTER, H. Remy. 


The following “‘ Rules for naming Inorganic Compounds ” were drawn up by a com- 
mittee of the International Union of Chemistry which consisted of Professors H. Bassett 
(Reading), A. Damiens (Paris), F. Fichter (Basle), W. P. Jorissen (Leyden), and H. Remy 
(Hamburg). They are based upon a report which had been drawn up by Professor Remy 
on behalf of the German Chemical Society and in collaboration with some of its members, 
of whom Professor A. Stock was the most active. 

Two meetings of the Committee were held, the first in Berlin on January 28th and 29th, 
1938, and the second in Rome on May 16th, 1938. 

Dr. E. Pietsch, Editor of ‘‘ Gmelin,” attended the Berlin discussions by invitation of the 
Committee. 

Professor Bassett is responsible for the English translation of the original German 
version of the Rules and for certain omissions and modifications rendered necessary by 
differences between the two languages. 


Rules for Naming Inorganic Compounds. 
INTRODUCTION. 


The aim of these “ Rules ”’ is the unification of Inorganic Chemical Nomenclature and 
the removal of names which are out of date or incorrect. 

An attempt has been made to produce a uniform, rational nomenclature for inorganic 
compounds, especially for scientific purposes. As it was nearly always possible to have 
recourse to the system of naming already in use, the problem was chiefly that of separating, 
in any particular systematic series, names which agreed with the general plan of the series 
from those which did not and replacing the latter by other suitable names. 

Registration of inorganic compounds, ¢.g., in the indexes of journals, lies outside our 
reference, although unification of inorganic nomenclature is evidently of importance for 
systematic reporting. These ‘‘ Rules” were accordingly worked out with the help of 
colleagues who had special experience in this field. 

The naming of individual elements has not been considered, since the Committee on 
Atomic Weights deals with this matter. 


A. GENERAL. 


Names and Formule. 
A chemical compound can be designated in two ways, either : 


(1) by means of the formula. 
(2) by means of the name. 


(1) Formule should be widely used in designating inorganic compounds, since they 
provide the simplest and clearest method of doing this. Their significance is, moreover, 
the same in all languages and for brevity and saving of space they are unequalled. 

Formule are of particular use when dealing with complicated compounds. They have 
a special significance in the wording of descriptions of preparative procedure, since they 
prevent misunderstanding. Their use must naturally be avoided in cases where any 
uncertainty might be introduced. 

Examples: Precipitation with H,S—treat with gaseous HCl—aqueous’ or alcoholic 
HCI solution—passing the gas through KOH solution. 
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(2) When giving names to compounds there are two possibilities : 


(a) systematic names, 
(b) trivial names. 


(a) In the case of systematic names it is not always necessary to indicate stoicheiometric 
proportions in the names unless there is some special reason for doing so, because a glance 
at the formula shows at once the quantitative and atomic composition. 

In many cases sufficient abbreviation of the systematic name can be secured by omitting 
all numbers, indications of valency, etc., which are not needed in the given circumstances. 
For instance, indication of the valency or atomic proportions is generally not required 
with compounds of elements of essentially constant valency. 


Examples : Aluminium sulphate instead of aluminium(III) sulphate. 
Potassium chloroplatinate instead of potassium hexachloroplatinate(IV). 
Potassium cyanoferrate(II) instead of potassium hexacyanoferrate(II). 
Potassium cyanoferrate(III) instead of potassium hexacyanoferrate(III). 


(b) In the case of trival names one must distinguish between : 


(aa) pure trivial names, 
(bb) incorrectly formed names. 


(aa) Pure trivial names are those which are free from false scientific significance or 
other wrong indications. In most cases they originate from the people who use the com- 
pounds. Examples of such names are saltpetre—caustic soda—quicklime. The use of 
such pure trivial names is permissible. 

(bb) Incorrectly formed names are those which were originally constructed to bring 
out certain ideas on the composition or constitution of the compounds in question, but 
are now opposed to our present views and knowledge. Such names are sulphate of 
magnesia—carbonate of lime—nitrate of potash—acetate of alumina. Their use is wide- 
spread, but scientifically they are incorrect. 

Such names should not be used in any circumstances and they should be eliminated 
from technical and patent literature. 


B. Binary COMPOUNDS. 
I. Position of Constituents in Names and Formule. 


The electropositive constituent should always be put first in the formula and in the 
name whenever it is recognisable from the character of the compound—as in salts or salt- 
like compounds. The name of the electronegative constituent is given the termination— 
ide. In the case of non-polar compounds and of those in which it is not known which 
constituent is to be regarded as electropositive in the compound, that constituent should 
be placed first which has the more electropositive character in the free condition. 

Examples : Sodium chloride, silver sulphide, lithium hydride—boron carbide, oxygen 
difluoride. 

The above rule summarises the customary usage in English and German. Exactly 
the opposite applies in French and Italian, so that in these languages the order of con- 
stituents in formulz will also be just the opposite to that which is correct in English and 
German. Such differences are due to the very nature of the several languages and cannot 
be eliminated. Names are also in use in some languages which are obtained by simple 
juxtaposition of the separate names of the constituents without any termination. This 
method of name construction is used in German more particularly for the easily volatile 
compounds of hydrogen. It should be rigidly restricted to non-polar compounds (though, 
even for them, the rule given first is to be preferred), and the constituent should be placed 
first which is the more electronegative in the free condition. 

Examples : Chlorwasserstoff, Silicitumwasserstoff.—Schwefelkohlenstoff, Chlorstickstoff 
(but better: Kohlendisulfid, Stickstofftrichlorid). 

But not: Chlornatrium, Bromkalium, Schwefelsilber. 

But only : Natriumchlorid, etc. 
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II. Indication of the Proportions of Constituents. 


There are two possible ways of indicating the proportions of the constituents in chemical 
compounds. It can be done: 


(1) by indicating the valency, 
(2) by giving the stoicheiometric composition, or the functional nature. 


(1) Indication of the electrochemical valency in the names of compounds should be 
made only by Stock’s method. This is done by means of Roman figures, placed in 
parentheses, and following, without hyphen, immediately after the names of the elements 
to which they refer. ; 

Examples : 

CuCl = Copper(I) chloride 
CuCl, = Copper(II) chloride 
FeO = Iron(II) oxide 
Fe,O, = Iron(II,III) oxide. 


The system of valency indication by terminations such as -ous, -ic (ferrous, ferric) 
which was previously in use has proved unsatisfactory and should now be avoided not only 
in scientific but also in technical writing. 

If the valency needs to be shown in formule or when using symbols for the elements, 
then the Roman figures should be placed just above the appropriate symbol on the right- 
hand side. 

Examples : 

Cu! salts, 
Fe! compounds. 


(2) Indication of the stoicheiometric composition should be made by means of Greek 
numerical prefixes, which should precede, without hyphen, the constituent to which they 
refer. This method of showing the composition in names instead of by means of the valency 
is customary, more especially with non-polar compounds. _It is also indicated in cases where 
the composition differs from that to be expected from the usual valency or in those in which 
the electrochemical valency is unknown. The prefix “ mono” can generally be omitted, 
8 should be indicated by “ octa,” 9 by ‘‘ ennea.”” Greek prefixes above 12 are replaced 
by Arabic figures (without hyphen), as they are more easily understood. Arabic figures 
are also used for indicating fractions of molecules, although 4 can also be expressed by 
“hemi.” The functional system of naming compounds can be employed instead of the 
stoicheiometric. This is used more particularly in French. 

Examples : 

Stoicheiometric System. Functional System. 
N,O = Dinitrogen (mon)oxide 
NO = Nitrogen oxide 
N,O, = Dinitrogen trioxide . . . . nitrous anhydride 
NO, = Nitrogen dioxide 
N,O, = Dinitrogen tetroxide 
N,O, = Dinitrogen pentoxide . . . nitric anhydride 
Ag,F = Disilver fluoride 
Fe(CO), = Iron tetracarbonyl 
FeS, = Iron disulphide 


The formula is to be preferred to awkward names. Thus one should never say for 
Na,,Hg,3, 12 sodium 13 mercuride. In such cases always use the formula. 

Out-of-date and superfluous terms such as Oxydul, Sulfiir, Cyaniir, Chloriir, etc., for 
compounds of lower valency stages, should vanish from the German language, both because 
they lack precision and because of the way in which many of these terms are used in 
French.* 


* In French, sulfure, cyanure, chlorure, etc., have the same significance as sulphide, cyanide, 
chloride, etc., in English. 
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III. Designation of Intermetallic Compounds. 

Intermetallic compounds do not follow the usual laws of constant composition and 
must often be regarded rather as phases having a range of existence over which they are 
more or less homogeneous. There is lacking at present a clear understanding and grouping 
together of the laws which govern this class of compounds, so that any attempt at a rigid 
system of nomenclature for intermetallic compounds would be premature. 

For this reason the use of names in this field should be avoided and formule alone 
should be used in all cases, and these should give the exact numbers of atoms, if possible. 
A simplified formula which represents the compound in a satisfactory manner can be used 
in those cases where either the exact number of atoms cannot be stated or where it is a 
question of an intermetallic compound which has a wide range of composition. To avoid 
any danger of confusion with a compound of definite composition, a bar should be placed 
over the formula to show that the composition is variable. 

Example : AuZn occurs as $-phase in the system Au-Zn as an intermetallic compound 
with properties which differ from those of the components Au and Zn. It is homogeneous 
over the range of 41 to 58 atoms % Zn, so that all formule between Au, Zn,, and Aug Zng, 
would be correct for which the shortened form AuZn or AuZn may be used. 

Compounds such as AuZn which do not have a constant composition should be called 
“non-Daltonian’”’ compounds to distinguish them from “ Daltonian” compounds of 
constant composition. 

A future systematic nomenclature of intermetallic compounds will have to consider also 
the field of mixed crystals and superstructures.* 


IV. Indicating the Mass, Atomic Number, and State of Ionisation on the 
Atomic Symbols. 
When dealing with nuclear reactions, the ordinary representation of an element by the 


_ plain symbol is not sufficient. The latter must be expanded so as to show the atomic mass 
and atomic number. 


An index on the right and below the symbol is already used to show the stoicheiometric 
proportion, while another on the right above the symbol shows the state of ionisation. 
The corresponding positions on the left are available for the atomic number and mass. 

We then have: 


right lower index . . . . . . the number of atoms 
right upperindex. . . . . . the state of ionisation 
left lowerindex . . . . . . the atomic number 
left upperindex. .. . . . the mass 
Example : 
ncly* 


This represents a singly ionised chlorine molecule Cl, each atom of which has the atomic 
number 17 and mass 35. 


The following is an example of an equation for a nuclear reaction : 
Mg + {He = 8Al + 3H 


V. Group Names. 


Compounds of the halogens are to be called halogenides (not haloides or halides), while 
the elements oxygen, sulphur, selenium, and tellurium may be called chalkogens, and their 
compounds chalkogenides. 


The alkali metals should not be called “ alkalis ” nor the alkaline-earth metals “ alkaline 
earths,” since these names are old-fashioned terms for the oxides of these metals and should 
be avoided in scientific language. If compounds are concerned, the use of “ alkali” or 


* The Committee wishes to draw the attention of workers in this field to the urgent need for some 
consistency in the notation used for distinguishing different modifications and intermediate phases. 
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“alkaline earth’”’ as an abbreviation for “‘ alkali metal”’ or “ alkaline-earth metal ”’ js 
general and permissible, ¢.g., alkali chlorides. 

In German “ Kohlen-’’ is permissible as an abbreviation for ‘‘ Kohlenstoff” in many 
carbon compounds. 


C. TERNARY, QUATERNARY, ETC., COMPOUNDS. 


The preceding rules which have been developed for binary compounds are valid, when 
suitably extended, also for compounds of more than two elements. 
Radicals having special names are treated like the elementary constituents of a 
compound when constructing names. 
Examples : 
NH,Cl = Ammonium chloride 
KCN = Potassium cyanide 
Fe(SCN), = Iron(III) thiocyanate 
Pb(Nz)2 = Lead azide. 


If several electropositive constituents are combined with one electronegative, then the 
rule holds that the more electropositive constituent is to be placed first, just as in the case 
of binary compounds. 

In the same way, if a compound contains several electronegative constituents, these 
should be placed, both in the name and in the formula, in order of increasing electronegative 
character so far as this is possible. 

Sulphur replacing oxygen in an acid radical should always be indicated by “ thio” 
(see under D, p. 1410), so that compounds of the radical SCN should be called “ thio- 
cyanates,” * not “ sulphocyanates ” and not sulpho- or thio-cyanides. 

Names such as the following are permissible for mixed salts: Lead chlorofluoride, 
lead sulphochloride. 

The terms alumino-, boro-, beryllo-, etc., silicates should only be applied to such silicates 
as contain Al, B, Be, etc., in place of some of the Si. 

Exambles : 


Orthoclase, K[AISi,O,] is an aluminosilicate (potassium aluminotrisilicate). 
Spodumen, LiAl[Si,O,] is an aluminium silicate (lithium aluminium disilicate), 
Muscovite, KAI,[AISi,O,9](OH), is an aluminium aluminosilicate. 


D. Oxy-AcIpbs. 


Well-established names for the majority of the important simple oxy-acids have been 
in use for a long time, and their alteration is neither desirable nor necessary. It is only 
necessary to consider a number of cases in which uncertainty or confusion has arisen in the 
course of time owing to the employment of some names which are incorrect. 

In the following tables are shown the names which should be used for the more important 
acids of sulphur, nitrogen, phosphorus, and boron, as well as their salts. 


Acid. Salt. 
Acids and Salts of Sulphur: 
Sulphoxylic acid Sulphoxylate 
Dithionous acid Dithionite 
Sulphurous acid Sulphite 
Thiosulphurous acid Thiosulphite 
Pyrosulphurous acid Pyrosulphite 
Sulphuric acid Sulphate 
Thiosulphuric acid Thiosulphate 
Pyrosulphuric acid Pyrosulphate 
7 onan sar oo AR acid Peroxy(mono)sulphate 
H,S,0, Dithionic acid Dithionate 
H,S,0, (x = 3, 4, etc.) Polythionic acids Polythionates 
25308 Peroxydisulphuric acid Peroxydisulphate 


* “* Rhodanide ”’ is the usual German name. 
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Formula. Acid. Salt. 


Acids and Salts of Nitrogen: 
H,N,0, * Hyponitrous acid Hyponitrite 
Nitroxylic acid Nitroxylate 
Nitrous acid Nitrite 
Nitric acid Nitrate 
Peroxynitric acid Peroxynitrate 


Acids and Salts of Phosphorus : 
Hypophosphorous acid Hypophosphite 
Phosphorous acid Phosphite 
Pyrophosphorous acid Pyrophosphite 
Hypophosphoric acid Hypophosphate 
(Ortho)phosphoric acid Ortho)phosphate 
Pyr horic acid hosphate 
Metaphosphoric acid etaphosphate 
Peroxy(mono)phosphoric acid Peroxy(mono) phosphate 
Peroxydiphosphoric acid Peroxydiphosphate 


Acids and Salts of Boron: 


Borous acid _— 
Hypoboric acid Hypoborate 
oboric acid borate 
Metaboric acid Metaborate 
Tetraboric acid Tetraborate 


For other polyboric acids see under F. IT. 
Decisions made on six points arising out of the above tables must be explained. 


(1) H,S,O, = Dithionous acid, and not fydrosulphurous or hyposulphurous acid; 
salts = dithionites. 

(2) H,S,0, = Thiosulphuric acid, and not fhyposulphurous acid; salts = thio- 
sulphates. 

(3) H,SO, = Peroxymonosulphuric acid, and not persulphuric acid. 


(4) H,NO, = Nitroxylic acid, and not hydronitrous acid; salts = nitroxylates. 
(5) H,B,O, = Tetraboric acid, and not pyroboric acid; salts = tetraborates. 
(6) H,PO, = salts to be called hypophosphates. 


Notes to (1) and (2): The name hydrosulphurous acid for the compound H,S,O, was 
proposed by its discoverer Schiitzenberger because of the erroneous assumption that the 
salts had the formula RHS,O,. This name has lost its justification since the later proof 
by Bernthsen and Bazlen that the salts of the acid are free from hydrogen and have the 
formula R,S,O,, for the term “‘ hydro ” has no sense for compounds containing no hydrogen, 
for which it is an unsatisfactory abbreviation in any case. 

The name.“ hyposulphurous ” acid proposed by.Bernthsen and others for the com- 
pound H,S,O, also appears to be unsatisfactory quite apart from the fact that its employ- 
ment might give rise to confusion so long as the use of the name “ hyposulphite ”’ for 
“ thiosulphate ” has not been entirely abandoned. 

It is customary to apply the name “ hypo...ous ” to that acid in which each atom of 
the acid-forming element is less oxidised by two valency stages than the corresponding 
atoms in the acid to which the name ending in “ous” is given (compare chlorous with 
hypochlorous acid; nitrous with hyponitrous acid). 

Each atom of sulphur in the acid H,S,O, is, on the average, two valency stages less 
oxidised than each atom of sulphur in dithionic acid. It follows that H,S,O, should be 
called dithionous acid to fall into line with the general rules employed in naming the oxy- 
acids. This name does not imply any assumption as to the constitution of the compound ; 
it was first proposed by Noyes and Steinour (J. Amer. Chem. Soc., 1929, 51, 1409). It is quite 
_ wrong to use the name hyposulphurous acid for H,S,O,, though this is still frequently 
done. The acid H,S,0, is derived from sulphuric acid, H,SO,, by replacement of one oxygen 
atom by sulphur. It must accordingly be called thiosulphuric acid, since the presence of 


sulphur which has taken the place of oxygen is in general indicated by the prefix “‘ thio” 
(see later). 
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The name “‘ hyposulphurous acid ”’ would be justified for the acid H,SO,, but the well- 
established name “ sulphoxylic acid ”’ should be retained for this compound. The names 
“ hyposulphurous ” acid and “‘ hyposulphite “’ should therefore cease to be used at all. 

Note to (3): A distinction must be made between those acids or salts which are derived 
by substitution from hydrogen peroxide and in consequence contain peroxidic oxygen, 
—O—O—, and those which are derived from the highest oxidation stages of some elements 
and are free from peroxidic oxygen. The last named are correctly called per-salts (such 
as NaClO,, KMnQ,). 

The first group, such as R,S,O, and R,PO,;, must be separated from the genuine per- 
salts and called peroxy-salts, the corresponding acids being peroxy-acids. 

Examples : 

H,SO, = Peroxymonosulphuric acid 
H,P,0, = Peroxydiphosphoric acid 
NH,BO, = Ammonium peroxyborate 


In the same way the oxides derived from H,O, should be called peroxides, and not 
superoxides or hyperoxides. 

Note to (4) : The acid H,NO, has been called hydronitrous acid, but it is more correctly 
called nitroxylic acid by analogy with sulphoxylic acid. The sodium salt Na,NO, obtained 
by Zintl is, correspondingly, sodium nitroxylate. 

Note to (5): The prefixes “ ortho,” “‘ meta,” and “pyro” are used generally in the 
sense that the term “ ortho ”’ is applied to the most hydroxylated acid known either in the 
free state or as salts or esters. - 

Examples : 

H,BO, = Orthoboric acid H,;PO, = Orthophosphoric acid 
H,CO, = Orthocarbonic acid H,TeO, = Orthotelluric acid 
H,SiO, = Orthosilicic acid H,;IO, = Orthoperiodic acid 

The pyro- and meta-acids are derived from the ortho-acids by removal of water in 
stages. Pyro-acids are those which have lost 1 mol. of H,O from 2 mols. of ortho-acid 
(Examples : H,S,0,, H,S,0;, HyP,O,, H,P,O;). This rule does not apply, however, to 
the polyboric acid H,B,O, (= 2B,0;,H,O), which contains less water than metaboric 
acid HBO, (= B,O;,H,O). To avoid breaking the rule, the acid H,B,O, should not be 
called pyroboric acid, but tetraboric acid, in agreement with the proposals for the naming 
of isopolyacids (see F. IT). 

Replacement of O by S.—Acids which are derived from oxy-acids by replacement of 
O atoms by S atoms are to be called thio-acids, their salts thio-salts. 

Examples : 

H,CS, = Trithiocarbonic acid. 
Na,SbS, = Trisodium tetratHfioantimonate (sodium thioantimonate for short). 

The group [H,O]*.—When the hydrogen ion is considered to occur (in aqueous solution 


or in a compound) in the form [H,O]*, it is advisable to call it the hydronium ion (not 
hydroxontum ion). 


E. SALTs. 


I. General. 
Salts should always be named so that the name of the metal or electropositive radical 
precedes that of the acid radical which carries the termination -ate, -ite, or -ide. 
Examples.: 
Silver nitrate—Magnesium sulphate—Calcium carbonate 
Sodium nitrite—Iron sulphide—Potassium cyanide. 


Names such as nitrate of silver, sulphate of magnesium are permissible, but it is wrong 
to use in this way the name of the metal oxide in place of that of the metal, so that sulphate 
of magnesia, carbonate of lime, etc., are definitely wrong, and should not be employed 
(see A., p. 1405). 

Names derived from the German names of the acids, such as Salpetersaures Silber, 
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Schwefelsaures Magnesium, Kohlensaures Calcium, may be used in popular writing (Ger- 
man), but should be avoided in scientific language (in this case also the name of the metal 
oxide must not be used in place of that of the metal). The use in English of names such as 
“ copper vitriol ” or “ blue vitriol ”’ for CuSO,,5H,O and “ oil of vitriol ’’ for sulphuric acid 
is analogous to the above German usage. Such names are still used to some extent in 
technical literature and in chemical works, though only relatively few compounds are 
affected. There is little to be said in favour of these archaic names and it would be better 
if they went out of use. 
In the case of mixed or double salts the rules given under C should be applied. 
Examples : 
KNaCO, = Potassium sodium carbonate 
KCaPO, = Potassium calcium phosphate 
NH,MgPO, = Ammonium magnesium phosphate 
Salts of nitrogen compounds, if regarded as co-ordination compounds like ammonium 
chloride, NH,Cl, are to be designated as -onium or -inium compounds. 
Examples : 


Tetramethylammonium chloride—Hydrazinium chloride—Pyridinium chloride. 


If, however, the nitrogen compounds are regarded as addition compounds, then the 
rules derived for these will apply (see F., V). 


II. Acid Salts (Hydrogen Salts). 


The rational names for acid salts are formed by using “‘ hydrogen” for the hydrogen 


atoms which they contain. The hydrogen is to be named last of the electropositive 
constituents. 


Examples : 
KHSO, = Potassium hydrogen sulphate 
NaHCO, = Sodium hydrogen carbonate 
Na,HPO, = Disodium hydrogen phosphate 
NaH,PO, = Sodium dihydrogen phosphate 

In complicated cases use formule. 

Examples : 


4K,SO,,3H,SO, = K,H,(SO,), Rationally : Octapotassium hexahydrogen heptasulphate. 
5K,SO,,3H,SO, = K;H,(SO,), Rationally : Pentapotassium trihydrogen tetrasulphate. 

If it is desired to emphasise the type of compound rather than its composition, the term 
acid salts (monacid, diacid, etc.) can be used as well as the expressions primary, secondary, 
tertiary, etc., salts. Designation in terms of the acid : base ratio by means of “ bi ” is not 
in agreement with the fundamental principles of rational nomenclature. It is therefore 
wrong to say bicarbonate, bisulphate, bisulphite. 


III. Basic Salts. 


Basic salts which can be shown to contain hydroxyl groups and can be considered 
and named as addition compounds of hydroxides to neutral salts are called hydroxy-salts. 
Example : 
Cd(OH)Cl = Cadmium hydroxychloride. 


When the hydroxyl group is bound in a complex, Werner’s system of notation should 
be used, according to which the hydroxyl groups are designated hydroxo- or ol- groups. 
Basic salts in which there are oxygen atoms as well as acid radicals attached to the metal 
are called oxy-salts. If they contain radicals with special designations, names derived from 
these can be employed. 

Examples : 

BiOCl = Bismuth oxychloride or bismuthyl chloride 
UO,(NO,), = Uranium(VI) dioxynitrate or uranyl nitrate 
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For oxygen atoms bound in a complex, the Werner notation applies and the oxygen 
atoms are to be called oxo-atoms. 


F. HIGHER ORDER COMPOUNDS. 
I. Complex Compounds (Co-ordination Compounds). General. 


The nomenclature devised by A. Werner still regulates the naming of co-ordination 
compounds, and its value lies in the fact that it permits of uniform treatment of the whole 
range of compounds. An alteration is needed only as regards the indication of valency. In 
order to get a uniform method of indicating valency, both for simple and for co-ordination 
compounds, Stock’s method, already applied to the former, has been extended to the latter, 

In the case of complex kations the Roman figures expressing the valency are placed in 
parenthesis after the name of the element to which they relate (as with the simple compounds). 

Examples : 

[Cr(OH,),|Cl, |= Hexa-aquochromium(III) chloride 
[Cr,Ac,(OH).|)X = Hexa-acetatodihydroxotrichromium(III) salt 

In the case of complex anions of acids or salts the valency of the central atom is given in 
parenthesis after the name of the complex which ends in -ate. The Latin names of metals 
must often be used in this connection for reasons of euphony. 

Examples : 
H,[PtCl,] | = Hydrogen hexachloroplatinate(IV) 
H,[Fe(CN),] = Hydrogen hexacyanoferrate(II) 

K,[Fe(CN),] = Potassium hexacyanoferrate(II) 
K,[Fe(CN),] = Potassium hexacyanoferrate(III) 
K,[Co(NO,),] = Potassium hexanitrocobaltiate(III) 
K[Au(OH),] = Potassium tetrahydroxoaurate(III) 


It is not necessary to give the valency of the central atom in the case of neutral com- 
plexes (non-electrolytes). If it is desired specially to emphasise it, this can be done as in 
the case of the complex kations. Mention of the valency is not necessary when the number 
of the ionised atoms or groups is given in the name. 

Examples : 

[Cr(OH,),)Cl; = Hexa-aquochromium trichloride 
K,[Fe(CN),] = Tetrapotassium hexacyanoferrate 
K,[Fe(CN),] = Tripotassium hexacyanoferrate 


This method of naming is, however, only to be recommended in those cases where the 
electrochemical valency of the central atom is not known or not with certainty, as, for 
instance, with compounds containing NO in the complex. 

Order of the attached atoms or groups. Atoms or groups co-ordinated in the complex 
are to be mentioned in the name in the order (i) acidic groups such as chloro (Cl), cyano 
(CN), cyanato (NCO), thiocyanato (NCS), sulphato (SO,), nitro (NO,), nitrito (ONO), oxa- 
lato (C,O,), and hydroxo (OH); (ii) neutral groups: aquo (H,O), substituted amines 
[C,H,(NH,), = en], and last of all ammine (NH,). 


II. Isopolyacids and thetr Salts. 


As isopolyacids in the widest sense are to be understood those acids which can be 
regarded as resulting from two or more molecules of one and the same acid by elimination 
of water. In this sense the pyro-,and meta-acids which are formed from ortho-acids by 
removal of water are also to be included among the isopolyacids. 

Even although the rule holds for the polyacids in an accentuated form, that formule 
should be used for characterising compounds in complicated cases, there is yet need for a 
rational nomenclature if only for designating the groups of compounds. There belong to 
the isopolyacids as especially important representatives the boric, silicic, molybdic, tungstic, 
and vanadic acids. Rules will be considered with reference to them therefore. 

It is proposed that the empirical formule should always be resolved into the base 
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anhydride: acid anhydride ratios. For this it is unnecessary to go into the still uncertain 
questions of the constitution of these compounds, and this avoids introducing any 
instability in the method of designation which might arise from changes in outlook. 

This procedure gives a method of representation for this class of compounds which is 
clear and straightforward and very suitable for systematic treatment. Characterisation by 
means of the base: acid ratio has already thoroughly justified itself in the systematic 
description of the polyacids and their salts in Gmelin’s ‘“‘ Handbuch der anorganischen 
Chemie.” It has always made possible a classification which was free from contradictions. 

The following equally satisfactory methods for constructing names are available : 

(1) The composition, referred to the simplest empirical formula, is given by means of 
Greek numerical prefixes just as with other compounds (compare B. II., p. 1406). 

(2) The simplest formula which expresses the analytical results for the compound in 
terms of base anhydride and acid anhydride is resolved into these. The ratio base 
anhydride : acid anhydride is shown in the name by means of Arabic figures in parentheses. 

In both cases the basic component is to be named before the acid. Acid hydrogen 
atoms are to be indicated by “ hydrogen ”’ and should always be given (also in the names 
of the free acids). 

These proposals have been carried out for a number of borates, silicates, molybdates, 
tungstates, and vanadates as shown in the following tables. 


Name form- Present 
Empirical Name formation by Greek Resolved ation by base : customary 
formula. numerical prefixes. formula. name. 
Borates : 


Na,BO, Trisodium (mono) borate 3Na,0,B,0; i : 1)- Orthoborate 


Na,B,O, Tetrasodium diborate 2Na,0,B,0, - : 1)- Pyroborate 


NaBO, Monosodium (mono)borate Na,O0,B,0, i :1)- Metaborate 
Monoborate 
Na,B,O, Disodium tetraborate Na,O,2B,0, i : 2)- Tetraborate 
Pyroborate 
NaB,O, Sodium triborate Na,0,3B,0, i : 3)- Hexaborate 
Triborate 
Na,B,0,; Disodium octaborate Na,0,4B,0, i : 4)- Octaborate 
Tetraborate 
NaB,O, Sodium pentaborate Na,0,5B,0, i : 5)- Decaborate 
bo Pentaborate 
Na,ByO 19 Disodium dodecaborate Na,O,6B,0, i : 6)- Dodecaborate 
2 Hexaborate 
Silicates : 
Na,SiO, Tetrasodium (mono)silicate 2Na,0,SiO, — :1)- Orthosilicate 


Na,Si,O, Hexasodium disilicate 3Na,0,2Si0, liv : 2)- Pyrosilicate 
Na,Si,O44 Octasodium trisilicate 4Na,0,3Si0, liv : 3)- Pyrosilicate 
Na,SiO, Disodium (mono)silicate Na,0,SiO, liv :1)- Metasilicate 
Na,Si,O,, Hexasodium tetrasilicate 3Na,0,4Si0, liv : 4)- Metasilicate 
Na,Si,O, Tetrasodium trisilicate 2Na,0,3Si0, liv : 3)- Metasilicate 
Na,Si,O, Disodium trisilicate Na,0,3Si0, liv : 3)- Metasilicate 


Molybdates : 
Na,MoO, Disodium monomolybdate Na,O,MoO, Sodium(1 : 1)- Normal 
molybdate molybdate 
Na,Mo,O, Disodium dimolybdate Na,O,2MoO, ae ; 2)- Dimolybdate 
molybdate 
Na,)»Mo,,0,, | Decasodium dodeca- 5Na,0,12M0O, Sodium(5: 12)- Paramolybdate 
molybdate molybdate 
Na,Mo,0,, Disodium trimolybdate Na,O,3Mo0O, Sodium (1 : 3)- Trimolybdate 
molybdate 
Na,Mo,0,, Disodium tetramolybdate Na,O,4Mo0, Sodium(1 : 4)- Tetramolybdate 
molybdate 
and so on up to Na,O,16MoQ3. 
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Empirical 

formula. 
Na,WO, 
Na,W,0,, 
Na,W,0, 
NayoW 320g; 
Na,W;0,, 
Na,W,0 13 
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Name formation by Greek 
numerical prefixes. 

Disodium (mono)tungstate 

Tetrasodium tritungstate 

Disodium ditungstate 

Decasodium dodeca- 
tungstate 

Disodium tritungstate 


Disodium tetratungstate 


Disodium octatungstate 


Trisodium (mono)vanadate 
Tetrasodium divanadate 
Sodium (mono) vanadate 
Disodium tetravanadate 
Sodium trivanadate 


Resolved 
formula. 


Tungstates : 
Na,O,WO, 


2Na,0,3WO, 
Na,O,2WO, 
5Na,0,12WO, 
Na,O,3WO, 
Na,0,4WO, 


N a,0,8WO, 
Vanadates : 
3Na,0,V,0, 
2Na,0,V,0; 
Na,0,V,0, 
Na,O,2V,0, 
Na,O,3V,0, 


Name form- 


ation by base : 


acid ratio, 


Sodium(1 : 1)- 
tungstate 
Sodium(2 : 3)- 
tungstate 
Sodium(1 : 2)- 
tungstate 
Sodium(5 : 12)- 
tungstate 
Sodium(1 : 3)- 
tungstate 
Sodium(I : 4)- 
tungstate 


Sodium(1 : 8)- 
tungstate 


Sodium (3 : 1)- 
vanadate 
Sodium(2 : 1)- 
vanadate 
Sodium(1 : 1)- 
vanadate 
Sodium(1 : 2)- 

ate 
Sodium(1 : 3)- 
vanadate 


Present 
customary 
name. 


Normal 
tungstate 

Normal 
tungstate 

Ditungstate 


Paratungstate 
Tritungstate 
Tetratungstate 
(with water 
(Metatungstate) 


Octatungstate 


Normal 
Orthovanadate 
Pyrovanadate 
Metavanadate 
Tetravanadate 


Hexavanadate 


In more complicated cases the formula itself is best employed. Even though a correct 


systematic name is possible in such cases, it is generally unwieldy, as, for instance : 
Ba,(VO,)H,(V;0,,) = Dibarium vanadyl dihydrogen pentavanadate. 


In a similar way, for example, the compounds of the tungstic acids with organic bases 
are grouped together as “‘ tungstates of organic bases.’ Subordinated to this group are 
the sub-groups ‘‘ methylammonium tungstates,”’ ‘‘ propylammonium tungstates,” and so 
on, of which the individual compounds then follow with their formule only, since an attempt 
to form names for each contpound would lead to an unsatisfactory and insufficient 
symbolisation of their composition. 


III. Heteropolyacids and their Salts. 


The formule of the heteropolyacids and their salts are resolved into their constituent 
base and acid anhydrides, as in the case of the isopolyacids, and for this purpose the simplest 
formula which expresses the analytical composition is employed. 

This resolution is made, 


for the acid into: Non-metallic acid—oxide of the acid-forming metal—water ; 
for the salt into : Salt of the non-metallic acid (resolved perhaps into base anhydride- 
acid anhydride ratio) *—oxide of the acid-forming metal—water. 


The numbers of atoms of the two acid-forming elements derived from this simplest 
formula are shown in the name by means of Arabic figures or Greek numerical prefixes. 
Here again only the group name is given, which should be supplemented by the formula if 
necessary in individual cases. 


* If by so doing simpler numerical relations can be obtained. 
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Examples : 


R,PO,,12MoO, = Dodecamolybdophosphate 3R,0,P,0,,24MoO, = 24-Molybdo-2-phosphate 
R,PO,,12WO, = Dodecatungstophosphate 3R,0,P,0;,24WO, = 24-Tungsto-2-phosphate 
2R,PO,,17WO, = 17-Tungstodiphosphate 5R,0,P,0,,17WO, = 17-Tungsto-2-phosphate 
R,BO,,12WO, = Dodecatungstoborate 5R,0,B,0,,24WO, = 24-Tungsto-2-borate 
R,Si0,,12WO, = Dodecatungstosilicate 4R,0,Si0,,12WO, = 12-Tungsto silicate 


IV. Double Salts. 


The name of the double salt is formed by putting together the names of the simple salts 
from which it isformed. The order of the kationic constituents should be that of decreasing 
electropositive character. Constituents common to both salts should only be mentioned 
once. 

Examples : 


KCl,MgCl, § = Potassium magnesium chloride 

Na,SO,,CaSO, = Sodium calcium sulphate 
3CaO,Al,03,CaCl,,10H,O = Calcium chloroaluminate 

KCl,MgSO, = Potassium chloride, magnesium sulphate. 


In the third example only the group name is given, under which all the single members 
are collected. 


V. Hydrates, Ammoniates, and other Addition Compounds. 


The collective names: Hydrate, peroxyhydrate (not perhydrate), and ammoniate 
should be applied to compounds which contain molecules of H,O, H,O,, or NH3. 

Either Greek numerical prefixes or Arabic figures can be used to show the number of 
such molecules present. 

Examples : 


CaCl,,6H,O = Calcium chloride hexahydrate or calcium chloride 6-hydrate 
CaCl,,4H,O = Calcium chloride tetrahydrate or calcium chloride 4-hydrate 
CaCl,,2H,O = Calcium chloride dihydrate _ or calcium chloride 2-hydrate 
CaCl,,H,O = Calcium chloride monohydrate or calcium chloride 1-hydrate 


Collective name: Calcium chloride hydrates. 


NaOOH,H,O, = Sodium hydrogen peroxide peroxyhydrate 
AICl,,zNH, = Aluminium chloride ammoniate 


If it needs to be shown that the molecule in question forms part of a complex, then the 
compounds are to be named as aquo, peroxyhydrato, and ammine compounds (compare 
F. I., p. 1412). ‘ 

Examples : 


[Cr(NH,),]Cl, = Hexamminechromium(III) chloride 
[Cr(OH,),)Cl, = Hexaquochromium(III) chloride 
[Cr(OH,),C1,)C1,2H,O = Dichlorotetraquochromium(III) chloride dihydrate 


Other addition compounds. Addition compounds containing added PCl,, NOCI, H,S, 
C,H,-OH, etc., are better shown by the formula than by a special name. For systematic 
consideration of this field it is advisable to make use of a group name. 


Examples : 


AICI,,4C,H,-OH = Compound of aluminium chloride with alcohol 
AICl,,NOCI = Compound of aluminium chloride with nitrosyl chloride 
AIC],,H,S ’ = Compound of aluminium chloride with hydrogen sulphide 


Group names : 
“Compounds of aluminium chloride’’ with “ organic compounds,” with “ sulphur 
compounds,”’ etc. 
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The following changes in the Table are recommended : 

The symbol (M) for Mass Number is replaced by symbol (A) in conformity with general 
usage. 

‘ LirH1uM.—The figure 7-9 for the percentage abundance of *Li is probably too high 
owing to the uncertain correction for the isotope effect in free evaporation. A lower value 
7-5 is now recommended in accordance with the measurements of Horr Lu (Physical Rev., 
1938, 53, 845). 

CARBON.—The very complete investigations of NIER and GULBRANSEN (J. Amer, 
Chem. Soc., 1939, 61, 697) show that the percentage abundance of 14°C varies appreciably 
in Nature. The mean value 1-1 is now recommended, which is in excellent agreement 
with the earlier work of Brosi and Harkins (Physical Rev., 1937, 52, 472). 

CHROMIUM and IRoN.—Percentage abundances calculated from the work of NIER are 
recommended (ibid., 1939, 55, 1143). 

MOLYBDENUM.—More accurate photometric results are now available from the work 
of MatraucH and LicuTBLau (Z. physikal. Chem., 1939, B, 42, 288). 

Evropium.—tThe work of LICHTBLAU with improved plates indicates that the heavier 
‘of the twin isotopes of this element is slightly the more abundant (Naturwiss, 1939, 27, 260). 

HaFniuM.—A new rare isotope has been discovered by DEMPSTER, and its abundance 
estimated to be 0-3% (Physical Rev., 1939, 55, 794). 

URaniuM.—The measurements of NIER indicate the presence of the third rare isotope 
234 (U II), and provide accurate figures for the abundances of the other two (ibid., 1939, 150). 


INTERNATIONAL TABLE OF STABLE ISOTOPES FOR 1940. 


(Numbers in italics are rough or indirect measurements, in parentheses doubtful. w = weak isotope, 


abundance not determined.) 

Atomic Mass_ Relative Atomic Mass Relative Atomic Mass Relative 
Sym- num- num- abund- Sym- num- num- abund- Sym- num- num- abund- 
bol. ber, ber, ance, bol. ber, ber, ance, bol. ber, ber, ance, 
Zz. A. %. é. A. %. Zz. A. %. 
H 1 1 99-98 P 15 31 «100 Cr 24 50 4-49 
“D 2 0-02 S 16 32 95-1 52 83-78 
He 2 4 100 33 0-74 53 9-43 
Li 3 : as 34 Sian 54 2-30 

: (36) (0-0 Mn 25 55 «100 
Be 4 9 100 Cl 17 35 76-4 Fe 26 54 6-0 
B 5 10 20 37 24-6 56 91-6 
See We rN ee s7 2] 
; 8 58 = (0-28 
13 1-1 40 99-63 
. 0-2 
sy , : a K 19 = _ a4 rs 50 99-8 
oO 8 16 78 416-6 Ni 28 «8 = 
7 ogee Ca 20 40——s« 96-97 ee 
19 100 . -.- 6237 
tee thee i, 
22 «= «973 6. ee ee 8 
48 0-185 
00 
Silage Sc 21 45 100 Zn 30 «64 50-9 
ae 66 27-3 
25 11-5 Ti 22 46 7-94 3-9 
26 11-1 47 7-75 67 4 
27 - 100 48 73-45 68 aa 
28 «89-6 49 5-52 70 : 
29 6-2 50 5-34 Ga 31 69 4 
30 4-2 Vv 23 51 100 71 
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Atomic Mass Relative Atomic Mass Relative Atomic Mass Relative 
Sym- num- num- abund- Sym- num- num- abund- Sym- num- num- 

bol. ber, ber, ance, bol. ber, ber, bol. ber, 
2. A. %. Zz. A. zZ. 
Ge 32 D Sno 50 112 : Dy 66 
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Obituary Notices. 


OBITUARY NOTICES. 


HENRY EDWARD ARMSTRONG. 
1848—1937. 


HENRY EDWARD ARMSTRONG died on July 13th, 1937, in his ninetieth year. By his death 
British chemical science lost its most outstanding personality, one who by his vigorous 
mind, independent outlook and rare gift of expression both in speech and in writing had a 
profound influence on the development of chemistry during two generations. In his 
prime he was probably the most constant attendant, the most frequent and vigorous 
speaker, at the meetings of the Chemical Society. Like many men of quick brain, he 
was often impatient, not suffering fools gladly but criticising freely; a thorn in the flesh 
to many, but generous in his appreciation of good work. Unorthodox and critical, 
he would never bow the knee to authority, however eminent, if his reason went against the 
popular view. Consequently his life was full of controversy, which he thoroughly enjoyed. 
Few men have lived a fuller life than he, or retained a mind as unclouded as his was to the 
end of nearly ninety years. 

Armstrong’s services to the Chemical Society were unique. He was secretary for 
eighteen years from 1875 to 1893, and during that period he appears to have ruled the 
Society with a rod of iron. From 1893—1895 he was President, following Crum Brown, 
and from then until his death, with two short breaks, was Vice-President. He first served 
on the Council in 1873, when he was but 25 years old, and from that date until his death 
was a member of Council almost continuously. 

Armstrong was born on May 6th, 1848, at Avenue Road, Lewisham, and lived in 
Lewisham all his life. A year before his death, feeling that the end was near, he wrote a 
short autobiography, reproduced in the issue of ‘‘ The Central ’’ * of June, 1938, from which 
some of the following particulars are taken. His father, Richard Armstrong, was a com- 
mission agent and importer of Mark Lane, a man of kindly disposition, amiable almost to 
excess. His paternal grandfather, another Richard Armstrong, one time Governor of the 
Convict Prison of Gibraltar, was a man of most irascible disposition, with a strong objection 
to tobacco. Henry Edward, who also hated tobacco smoke, inherited some of his grand- 
father’s characteristics. 

Of his early years Armstrong had little recollection, he says, but his mind retained a 
picture of the country-side in which he played as a boy, of rivers, chalk pits and ponds and 
the beginnings of an interest in entomology and geology which stayed with him throughout 
his life. After attending small schools, he passed to the Colfe Grammar School, Dartmouth 
Hill, and his school career finished when he left there in 1864 at the age of sixteen, conscious, 
as he says, of no particular interest, but observant and an experimentalist. A book which 
he discovered at school had a permanent influence on hismind. This was Trench’s ‘‘ Theory 
of Words,” which held him fascinated, and made him critical of meanings. This confession 
is illuminating to those who knew him in later years as a connoisseur of language and the 
stern critic of those who dared to misuse it. He was once criticised publicly for splitting 
an infinitive in a letter to the ‘‘ Times,” and he never forgot it. He was always ready to 
learn. 

At the time of leaving school Armstrong was 5 supposed to be delicate, and he spent the 
following winter at Gibraltar with his uncle; it was here that he saw the first British 
steam-driven iron-clad, the “‘ Warrior.” On his return in the spring of 1865 to London he 
a for no apparent reason, at the Royal College of Chemistry in Oxford Street, and 

“ just slid into chemistry.”” He was just in time to attend the College whilst A. W. 
Hofmann was still there; almost at once Hofmann left for Berlin, and Edward Frankland 
succeeded him. Chemical training in those days was not lengthy. Perkin, as is well 
known, left the Royal College of Chemistry at 19 to become a dyestuff manufacturer ; 


* The Journal of the Old Students of the City and Guilds (Engineering) College, formerly the 
Central Technical College. 





Proressor H. E. ArMstronc, Ph.D., LL.D., F.R.S. 
President 1893—1895. 


(From a portrait by T. C. Dugdale, R.A.) 


(To face p. 1418, 
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Horace Brown, Armstrong’s most intimate friend, left at 17} after six months training to 
become a famous brewing chemist; and Armstrong himself, after a year and a term, was 
picked by Frankland to assist him in research. He would then have been just 18 years 
of age. 

This first research with Frankland was one in which he, in after years, always took 
great pride. Frankland had been appointed one of three members of a Royal Commission 
directed to inquire into the pollution of rivers and the domestic water supply of Great 
Britain. Armstrong’s task was to devise methods for determining the organic impurity 
in sewage and of sewage matter in drinking waters. Frankland gave his assistant the 
minimum amount of instructions and as a result Armstrong acquired confidence as an 
independent worker. The method they devised for water analysis by combustion in a 
vacuum was used by Frankland between 1868 and 1872 for surveying the whole British 
water supply, and as.a result of his work typhoid fever became a preventable disease, and 
this country soon led the world in the provision of safe domestic water. 

Armstrong had a great admiration for Frankland, and in his Frankland Memorial 
Oration to the Lancastrian Frankland Society, delivered in 1934, has left us an intimate 
study of his career and of those with whom he was associated. Frankland had, as is well 
known, worked with Kolbe in Marburg; it was, in fact, at Marburg in Bunsen’s laboratory 
that he discovered the zinc alkyls, which were of great importance in the development of 
his ideas of valency. Nothing was more natural, therefore, than that Frankland should 
recommend young Armstrong to go and study under Kolbe, then Professor of Chemistry 
at Leipzig. To Leipzig Armstrong went in October, 1867, staying there for five happy 
semesters. Here he had his introduction to aromatic chemistry; he had not even heard 
of Kekulé’s benzene formula when he arrived. Kolbe introduced him to sulphonic acids, 
a class of compound for which he acquired a life-long affection. Kolbe must have been 
cast in a mould similar to Armstrong’s own, or perhaps the pupil copied the master, for in 
later years Armstrong wrote of Kolbe the following words which might apply equally to 
himself: “‘. .°. a chemist who received but scant justice from his own countrymen... . 
because he dared to criticise and expressed himself in the biting terms of a clear and concise 
diction, in a pure German which no one else in those days had at his command; in fact, 
he took his countrymen greatly to task for their slovenly language.”’ It was characteristic 
of Armstrong’s industry that, on arriving in Germany, he should at once begin to accumulate 
books—a set of the Annalen, from which he translated many papers in order to master the 
language and learn to read with attention (his own words), and copies of Goethe, Schiller, 
and Lessing. 

His degree of Ph.D. was gained in 1869 for a thesis, the gist of which was published in 
the Proceedings of the Royal Society (1870, 18, 502) under the title ‘‘ Contributions to the 
history of the acids of the sulphur series, I. On the action of sulphuric anhydride on 
several chlorine and sulphur compounds,” communicated to the Society by Frankland. 
In this early paper his characteristic way of challenging authority shows up. Referring 
to a statement in the literature that carbon disulphide and sulphuric anhydride are without 
action on one another, he says: ‘‘ Notwithstanding this, I thought it advisable to repeat 
the experiment, and have by so doing found a reaction take place exactly in the sense I 
had expected.” He found, in fact, that carbonyl sulphide was formed according to the 
equation CS, + SO, = COS + SO,+S. He also discovered the formation of pyro- 
sulphuryl chloride by the action of sulphuric anhydride on carbon tetrachloride : 
CCl, + 2SO, = COCI, + S,0,Cl,. 

On returning to London, Armstrong obtained a post at the Medical School of St. Bar- 
tholomew’s Hospital, under Dr. Matthiessen, taking charge of special classes in chemistry 
for students proceeding to the London degree; here he worked with Matthiessen on 
alkaloids untikthe latter died in October, 1870. His association with the medical students 
continued for about twelve years. Another post came to him in 1871 when he was 
appointed Professor of Chemistry at the London Institution, Finsbury Circus. His duties 
were to instruct students in analytical chemistry and the methods of original investigation, 
from 6—8 p.m. If the duties were light, so was the professional salary, £50 a year, without 
any laboratory allowance. But he had a private laboratory, though it was little more 
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than a coal-hole, so close to the lecture theatre that the disagreeable odours from. his 
investigations of the higher-boiling constituents of coal tar were a source of considerable 
discomfort to the audience in the theatre. Writing of this period, Armstrong has said: 
“ As the fees derived from the London University classes were small—never equal to my 
professional pay—to supplement my income I did sundry odd jobs, including examination 
work, but never strove to be a consultant. I thus led an erratic but varied and happy 
existence and had many opportunities of gaining experience beyond those of an assistant 
in any of the big laboratories of to-day. Living under such conditions, a critic from my 
youth, I could not but grow up a free-lance and an iconoclast—even a thorn in the side 
of my superior colleagues when I ventured to differ. It was an age of discussion—we 
were not fully persuaded even to believe in atoms.’”” How many men, however, under 
such conditions, would have developed into the force Armstrong became? It was his 
enquiring mind and unquenchable energy which carried him forward. A former Professor 
at the London Institution had been Grove, the inventor of the unpolarisable Grove cell. 
Some of his apparatus still remained in the laboratory. Armstrong studied this apparatus, 
bought at an auction some copies of the Royal Society’s Transactions containing Grove’s 
memoirs, and from reading them became electrolytically minded. This circumstance 
influenced Armstrong’s views on chemical change throughout his life. He also extended 
his reading and his income at this time by becoming, in 1871, an abstractor for the Chemical 
Society under Henry Watts. 

The seventies were for Armstrong comparatively uneventful years; he was preparing 
for his life’s work, learning what was required of a teacher and of a student ; . feeling his 
way in research; filling his retentive mind with facts; learning to write and to manage 
men. During this period he wrote an “ Introduction to Organic Chemistry,” published 
in 1874. This task, he says, put system into his soul but not much money into his purse. 
He also wrote the inorganic section on “Chemistry” for the ninth edition of the 
“Encyclopedia Britannica,” published in 1876,and was probably the first to base an account 
of inorganic chemistry on Mendeléef’s generalisation. With C. E. Groves he produced 
a new edition of Miller’s ‘‘ Organic Chemistry,’’ published in 1880, almost entirely rewritten. 
These undertakings, and his habit of reading current chemical literature as soon as it 
appeared, gave him that wide knowledge which he so often and so aptly displayed in 
discussions at scientific meetings. It is remarkable, and worthy of serious consideration, 
that Armstrong himself considered that the development of his critical faculty was notably 
influenced by his experience of law cases. In 1879 he took part in the action for infringe- 
ment of Kolbe’s salicylic acid patent brought by von Heyden against Neustadt, and he 
describes this experience as the coping stone of his education in scientific method. ‘‘ The 
display of judicial method, the stringent examination and cross-examination of every 
particular, came to me as the acme of scientific treatment; I realised how far short we 
were from it in our ordinary treatment of our problems; it made me the unpleasant critic 
I have since been.” , 

Armstrong’s life work started when, in October, 1879, at the age of 31 he was appointed 
by the City and Guilds of London Institute for the Advancement of Technical Education, 
along with W. E. Ayrton, to organise classes in chemistry and physics in temporary premises 
in Cowper St., Finsbury. It must be realised that technical education, or the teaching of 
science with special reference to its practical applications, was at that time almost non- 
existent in this country, although, since the great Exhibition of 1851, the urgent need for 
this type of education had been realised. A definite decision was taken by the City Livery 
Companies of London in 1876 at a meeting at the Mansion House to devote their attention 
to the promotion of education throughout the country, and especially technical education. 
The City and Guilds of London Institute was established in 1878 and incorporated in 1880. 
The appointment of Armstrong and Ayrton in 1879 was for the purpose of carrying out 
one of the objects of the Institute, the establishment of local schools for artisans and work- 
men, but the success of their classes soon made it evident that a specially adapted building 
would be required for their development, in addition to the intended Central Institution for 
advanced education. Out of this need arose Finsbury Technical College, the first institution 
of the kind in London, the foundation stone of which was laid in May, 1881. The Central 


2vewnwoncneethnae.. 


o oa 


2eo  rawrsa oP 





esas SS. 


Ao 


‘is 
or 
ll. 
iS, 
’s 
ce 
ad 
al 
ng 
Lis 
ge 
ad 
se, 
he 
nt 
ed 
n. 
it 
in 


[1940] Obituary Notices. 1421 


Institution, later known as the Central Technical College, was, however, the principal objec- 
tive which the City and Guilds of London Institute had in view, and they utilised the services 
of Armstrong and Ayrton to the full in drawing up their plans for this College. It had been 
recognised that when these two men were appointed at Cowper Street they were in charge 
of an experiment, to ascertain by trial how their subjects could most usefully be taught. It 
is from this time that Armstrong’s great interest in the technique of education is to be dated, 
an interest that never wavered during the rest of his life. During the autumn of 1881 he- 
went with Ayrton on a tour in Germany to study there the equipment of the chemical and 
physical laboratories, at the expense of the City and Guilds of London Institute. When the 
Central Institution in Exhibition Road, South Kensington, was eventually opened in 1884 
by the Prince of Wales, Armstrong went there as Professor of Chemistry. After some hesita- 
tion Ayrton accepted the chair of Physics, the other two Professors being W. C. Unwin 
(Engineering) and O. Henrici (Mathematics). The physics appointment was offered to Oliver 
Lodge; had he accepted, the course of scientific-research at the Central might have run on 
different lines, for Armstrong has put it on record that he and Lodge had many interests 
incommon. Armstrong held his post at the Central until his compulsory retirement when 
the College became part of the Imperial College of Science and Technology in 1911 and the 
Chemical Department was closed. The final dispersion of his students took place in 1914. 
Thereafter he became in fact what he had always been at heart, a free-lance; a critic and 
commentator on affairs and the genial mentor with whom chemists of this generation were 
so familiar. The loss of his chemistry school and of the opportunity for directly inspiring 
experimental work was a blow to him. He did not let it depress him, but carried on 
courageously for nearly a quarter of a century of active mental life. 

Armstrong’s work falls naturally under three headings, chemical research, education, 
and activities which may be classed under the general term “ affairs.’ He was a man who 
had to have a finger in many pies. This trait must have revealed itself at an early date, for, 
when he was appointed to the Central; W. A. Tilden, writing to congratulate him, advised 
him to “ concentrate on this work and not try to keep so many things going at once. 
There is plenty of room for a school of chemistry, and here is your opportunity; but it 
will take some doing.” The advice was utterly wasted, and “ affairs” always loomed 
large in his life; but it must be added that they generally had a close connection with 
either chemistry or education. This notice must concentrate more particularly on Arm- 
strong’s contributions to chemistry through his researches. 


Naphthalene Research. 


Armstrong’s most substantial contribution to chemistry was the study which he 
initiated of the laws of substitution in the hydrocarbon naphthalene. He published an 
isolated paper in 1874 dealing with naphthyl sulphides, but the real start of the work is 
found in a paper published, partly with Graham, in 1881 (J., 1881, 39, 138). From this 
time until 1900 the work was continued, being described in some sixty papers, mostly 
very brief, appearing in the Proceedings of the Chemical Society. When the work started, 
naphthalene was very much “ in the air.”. The chemists of the dyestuff firms, particularly 
in Germany, were just beginning to discover the potentialities of naphthalene derivatives 
for manufacturing azo-dyes. The two §-naphtholdisulphonic acids known as G and R 
were first used in 1878 for making respectively yellow (Gelb) and red (Rot) dyes by coupling 
with diazotised aniline and m-xylidine ; Read Holliday and Sons in Huddersfield discovered 
Para Red (from diazotised #-nitroaniline and §-naphthol) in 1880; Congo Red, from 
tetrazotised benzidine and naphthionic acid, was discovered by Béttiger in 1884. A large 
number of amines and phenolic compounds and their sulphonic acids were being prepared 
from naphthalene by empirical methods, but their orientation was unknown and the 
elucidation of their structure was a matter of great difficulty. The researches of Armstrong 
and his collaborators contributed in a very large degree, more, it is safe to say, than those 
of any other group of workers, to the establishment of naphthalene chemistry on a sure 
basis, and were of inestimable value to'dyestuff technologists. Among the collaborators 
were Amphlett, Davis, Graham, Houlding, Heller, Jenks, Rossiter, Lapworth, Percival, 
Shelton, Sindall, Streatfeild, Williamson, and, most important of all, W. P. Wynne, whose 
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skill and determination over a period of many years carried the work forward. . It seems 
highly probable that the choice of this subject for his major research may have been 
made by Armstrong in part at least on account of its technical importance, for at the time 
of its commencement he was profoundly occupied with the development of schemes for 
the technical education of young men for industry, and in his view research must always 
have an important réle in such schemes. 

Armstrong’s attention was first drawn to the problem of the constitution of the 
naphthalenedisulphonic acids when writing an article on naphthalene for a supplement 
to Watts’s “‘ Dictionary of Chemistry” in 1879. Ebert and Merz had shown (Ber., 1876, 
9, 592 *) that by the action of excess of concentrated sulphuric acid on naphthalene at 
160—180° two isomeric disulphonic acids were formed, « and 8. The «-acid on fusion 
with caustic potash gave a dihydroxynaphthalene, m. p.. 186°, whereas the 8-acid gave 
no dihydroxy-compound but a hydroxysulphonic acid which was suspected of being 
identical with Schaeffer’s acid obtained by sulphonating @-naphthol (now known to be 
2:6). Armstrong and Graham repeated the work and confirmed the identity of the 
hydroxysulphonic acid from the f-acid of Ebert and Merz with Schaeffer’s acid; they also 
showed that the f-acid could be fused, with ease, to give a dihydroxynaphthalene ; in fact 
two products were obtained. The disulphonic acid which gave more soluble calcium salts 
than the §-acid, and should have corresponded with the a-acid of Ebert and Merz, gave, 
however, a different dihydroxynaphthalene, and it became evident that there were more 
than two disulphonic acids. In the paper describing this work Armstrong suggested that 
Schaeffer’s acid might be the 2: 3-compound, but he was admittedly speculating with 
insufficient evidence. 

The difficulty of separating mixtures of sulphonic acids led Armstrong, in his first 
work with Wynne, to apply to naphthalene a much milder sulphonating agent, chloro- 
sulphonic acid, with which he had already had experience in sulphonating narcotine and 
codeine, in the hope that a single product might be obtained. This expectation was 
realised. Working in carbon disulphide solution, with one molecular proportion of chloro- 
sulphonic acid, only the «-monosulphonic acid was obtained; with slightly more than two 
molecular proportions, a new disulphonic acid was formed, which was correctly inferred to 
be the a!a4’-modification (in modern nomenclature 1:5). When potassium §-naphthalene- 
sulphonate was warmed with excess of chlorosulphonic acid, still another new disulphonic 
acid was obtained (the 1 : 6-isomeride). Simultaneously, work was carried out on the 
action of bromine on naphthalenesulphonic acids and on Schaeffer’s acid, resulting in the 
preparation of brominated naphthaquinonesulphonic acids and the discovery that 
a-sulphonic groups are readily displaced by bromine, but £-sulphonic acids only when the 
ring undergoes oxidation. Schaeffer’s acid gave a bromohydroxynaphthaquinone- 
sulphonate and a dibromohydroxynaphthaquinone.. The action of chlorosulphonic acid 
on «-nitro-, «-chloro-, and «-bromo-naphthalene was also studied. Whilst «-nitronaphth- 
alene gave only the 1: 5-acid, a-chloro- and a-bromo-naphthalene gave mainly the 
4-sulphonic acids and in addition small amounts of an isomeric acid. The 6-chloro-, -bromo-, 
and -iodo-naphthalenes each gave two isomeric acids with chlorosulphonic acid (P., 1887, 
8, 22). 

To make it possible to ascertain the orientation of the numerous derivatives of naphth- 
alene which were being discovered it was necessary to have a series of reference compounds 
of known constitution which could be readily identified. To this task Armstrong set 
himself, and he chose as the reference compounds the dichloro- and trichloro-naphthalenes. 
It had been observed by Cleve in 1876 that when a naphthalenesulphonyl chloride is 
distilled with phosphorus pentachloride it is converted into the corresponding chloro- 
naphthalene; .and that 6-naphthol when treated in the same way gives 6-chloronaphthalene. 
Armstrong announced in 1882 (Ber., 1882, 5, 200) that he was using this as a diagnostic 
method, and with Wynne he developed it. It was shown that bromo- and nitro-substi- 
tuents were also displaced by chlorine when compounds containing them were distilled with 
phosphorus pentachloride. As further reference compounds the chloro-substituted mono- 


‘* This reference was wrongly given by Armstrong as Ber., 10, 592, and the mistake has several times 
been copied. ] , 
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and di-sulphonyl chlorides were prepared. Naphtholsulphonates were converted into 
chloronaphthalenesulphonyl chlorides by the action of phosphorus pentachloride at a 
moderate temperature; and naphthylaminesulphonic acids were converted into chloro- 
sulphonic acids by Sandmeyer’s method, which was given much study, whilst as an 
additional precaution, especially with naphthylaminedisulphonic acids, the amino-group 
was eliminated and the naphthalenedisulphonic acid obtained was converted into the 
corresponding dichloronaphthalene. In 1895, when the work was nearing completion, 
Armstrong and Wynne published results justifying the use of the phosphorus pentachloride 
method of converting sulphonyl chlorides into chloronaphthalenes (P., 1895, 11, 83). 
They showed that the reaction takes place when the sulphonyl chloride is heated in the 
absence of phosphorus pentachloride, albeit the yield of chloronaphthalene is not so good, 
probably because a higher temperature is necessary. When phosphorus pentachloride is 
used, there may take place some additional chlorination; thus a chloronaphthalene- 
disulphonyl chloride may give rise to some tetrachloronaphthalene in addition to the 
trichloronaphthalene which is the main product. This circumstance was a source of error 
by another worker on at least one occasion. 

In later work the conversion of 6- and 7-chloronaphthalene-1 : 3-disulphonyl chlorides 
into trichloronaphthalenes by heating with phosphorus pentachloride was studied in 
detail and it was shown that intermediate dichloro-monosulphonyl chlorides were formed 
without change of orientation (P., 1897, 13, 152). One unexpected change of orientation 
was discovered, however, when 1 : 8-dichloronaphthalene-3-sulphonic acid was heated with 
acids under certain conditions; instead of the expected 1 : 8-dichloronaphthalene, the 
1: 5-isomeride, and, under one set of conditions, the 1: 7-compound, was obtained. 
When 1 : 8-dichloronaphthalene was heated with concentrated hydrochloric acid at 290°, 
it was entirely converted into the 1: 5-compound. These isomeric changes might repay 
further study. 

The characterisation of the ten theoretically possible dichloronaphthalenes deducible 
from the Erlenmeyer formula for naphthalene was finally completed by Armstrong and 
Wynne in 1890 (P., 1890, 6, 77). Twelve had actually been described and it was clear that 
two at least of these were superfluous, The twelve are included in the following table, 
in order of ascending m. p.; the Greek letters by which they were known are given, and 
their finally established orientation, according to modern numbering. 

Design- M.p. Corrected m. p., Design- M.p. Corrected m. p., 
ation in in Armstrong and Orient- ation in in Armstrong and Orient- 
No. 1888. 1888. Wynne. ations. No. 1888. 1888. Wynne. ations. 


1 
2 
3 
+ 
5 
6 


Of these compounds the three ««-compounds, Nos. 6, 7, and 9, and the two heteronuclear 
88-compounds, Nos. 10 and 12, were known with certainty by 1888. In that year Arm- 
strong and Wynne published a paper (P., 1888, 4, 104) describing an investigation of the 
«B-compounds. They showed that the so-called «-compound (No. 2) obtained by heating 
naphthalene tetrachloride with potash (curiously, this was the first ever described) is a 
mixture, and must therefore be removed from the table. When sulphonated, it gave two 
sulphonic acids which, when separated and reconverted into dichloronaphthalenes by 
hydrolysis, gave two compounds, m. p. 68° and 61-5°. The former is the 1 : 4-compound, 
and as the only «$-dichloronaphthalene which can be expected from naphthalene tetra- 
chloride is the 1 : 3, the orientation of that of m. p. 61-5°, @ in the table, is 1:3. It was 
further shown that different workers had confused two dichloronaphthalenes of approxi- 
mately the same m. p., about 61°. The second, which could be obtained from the Badische 
$-naphthylaminesulphonic acid, had a rather higher melting point, 64° (later corrected to 
62-5°; 6’ in the table).. No. 1 in the table, m. p. 34°, being homonuclear, must ve 1 : 2 
by exclusion. Of the «$-compounds, therefore, either y, m. p. 48°, or 6’, m. p. 62-5°, 
must be 1 : 6 and the other 1: 7. This question was settled by studying the sulphonation 
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of 1-chloro-2-naphthylamine. One of the three sulphonic acids thus obtained was 
diazotised to remove the amino-group, and the resulting chloronaphthalenesulphonic acid 
converted into the dichloronaphthalene, which had m. p. 107° and must be the 1: 5, 
This settled the position of the sulphonic group. The same chloronaphthylaminesulphonic 
acid was then reduced to remove the chlorine, and the amino-group replaced by chlorine; 
the chloronaphthalenesulphonic acid gave by the standard method the dichloronaphthalene 
of m. p. 48°. This set of experiments settled that the dichloronaphthalene of m. p. 48° 
(n) is 2:5, 4.e., 1:6; the other of m. p. 62-5° (6’) must therefore be 1:7. The same 
conclusion had been arrived at by Erdmann and Kirchoff, who had synthesised a dichloro- 
naphthalene by condensing p-chlorobenzaldehyde with succinic acid, cyclising the resulting 
chlorophenylparaconic acid into chloronaphthol, and converting this into dichloro- 
naphthalene, which had m. p. 61-5°. Armstrong, however, did not at this time trust the 
synthetic method, though he later admitted its value. 

There remained two compounds of the table to be disposed of, No. 8 (x) and No. 11 (:). 
No. 8, which had been obtained by Claus from sulphonated a-naphthol, was shown to be 
1 : 2: 4-trichloronaphthalene, and goes out of the table. No. 11 was proved in 1890 to 
be the 2: 3-compound by its preparation from 1 : 2: 3-trichloronaphthalene by partial 
reduction. 

In such a manner the ten dichloronaphthalenes were identified. It will be understood 
that many cross-checks were provided in the course of the work. As an example, it has 
been stated that 1-chloro-8-naphthylamine gave three different acids on sulphonation. 
No. I has been shown to be the 5-sulphonic acid, since from it was prepared 1 : 5-dichloro- 
naphthalene besides the 7 compound, shown to be 1 : 6, thus : 


or Cl Cl Cl 
Cl Os OH aC 1 


m, p. 48° No. I m. p. 107° 


The second acid, No. II, was also converted into a dichloronaphthalene, m. p. 48°, 
after elimination of the amino-group, and must therefore be 1: 2:6: 


Cl Cl Cl 


H 
SO,H cn gel —? 
No. II m. p. 48° 


Finally the third acid gave, by appropriate methods, a dichloronaphthalene, m. p. 
114°, known to be 2:7, and one of m. p. 62-5°, already shown by exclusion to be 1 : 7, 
a conclusion now doubly confirmed, since No. III must have the 1: 2: : cre : 


Cc _ 50H a SOsH H, SO,C 
sea 


m. p. 114° No. Il m. p. 62-5° 


In 1889 Armstrong and Wynne started a systematic study of the tri-derivatives of 
naphthalene, and in the opening paper of the series (P., 1890, 6, 11) the technical importance 
of the project was emphasised, particularly the need for knowing the constitution of the 
isomeric naphthol- and naphthylamine-mono- and -di-sulphonic acids, which showed such 
striking differences in their behaviour with diazo-compounds and in the colour and other 
properties of the azo-dyes derived from them. The work on the dichloronaphthalenes had 
been crowned by studying the sulphonation of each with chlorosulphonic acid in carbon 
disulphide solution and preparing the derived sulphonyl chlorides; in the case of the 
trichloronaphthalenes, fourteen of which were predicted by theory, which were to serve 
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as reference compounds for the tri-derivatives, it was pointed out that it was still more 
necessary to characterise each compound, owing to the close similarity between the iso- 
merides; no fewer than four melted at nearly the same temperature, 90—-92°. It will be 
impossible to refer to more than a small part of the work accomplished by Armstrong and 
Wynne in the course of their search for the trichloronaphthalenes. One can illustrate 
what was accomplished by reference to the work on the two naphthylaminedisulphonic 
acids R and G, which were supplied by the Aktiengesellschaft fiir Anilinfabrikation and 
by F. Bayer and Co. The R acid gave, after elimination of the amino-group, the 2 : 7- 
disulphonic acid of Ebert and Merz. The amino-acid could therefore only have the 
constitution (I). 


H 1 l 
son (Bek _— sou Sun — "OG: 


(I) Amido-R (II) m. p. 90—91° 


By the standard method it was converted into the trichloronaphthalene (II), m. p. 
90—91°, which must be the 2: 3: 6. 

The so-called amido-G acid gave, after elimination of the amino-group, a new 
naphthalenedisulphonic acid, the third to be discovered by Armstrong, which gave by 
the standard method the known 1: 3-dichloronaphthalene. This settled the relative 
positions of the two sulphonic groups. Now it was known that the hydroxy-G acid corre- 
sponding with amido-G was obtainable by further sulphonating Bayer’s 6-naphtholsulphoni¢c 
acid (2: 8); further it was stated by Caro and confirmed by Armstrong and Wynne that 
the hydroxy-G acid when reduced by sodium amalgam lost one sulphonic group and gave 
Schaeffer’s 6-naphtholsulphonic acid (2:6). It follows that both amido-G and hydroxy-G 
acids must have the 2 : 6 : 8-configuration (III). 


SO,H cl 
H,(OH) 
ea to ee We 


SO; 
(III) Amido- and hydroxy-G m. p. 113° 


The corresponding trichloronaphthalene had m. p. 113°; this compound had already 
been obtained by Alén from a nitro-acid obtained bynitrating Ebert and Merz’snaphthalene- 
6-disulphonic acid (2:6); the nitro-acid must therefore also be the 8-nitronaphthalene- 
2: 6-disulphonic acid. 

As a result of this work Armstrong concluded that it was the presence of the sulphonic 
acid group in the 8-position which caused Bayer’s acid (2 : 8) and hydroxy-G acid to couple 
so sluggishly with diazo-compounds, and prevented the corresponding amino-acids from 
coupling at all, an explanation which is still accepted by dyestuff chemists. 

All but one of the fourteen trichloronaphthalenes were known by the end of 1890. 
The missing one, the 1 : 2: 8-isomer, was eventually obtained by the synthetic method 
already referred to. -By this method Erdmann and Schwechten had obtained from 3 : 4- 
dichlorobenzaldehyde two isomeric dichloronaphthols, one of which must be 7 : 8- and the 
other 6 : 7-dichloro-2-naphthol. Armstrong and Wynne prepared them on a large scale 
and converted them into the two trichloronaphthalenes; the dichloro-«-naphthol of m. p. 
151° gave the known 1 : 6 : 7-trichloronaphthalene, m. p. 109°; the other, m. p. 95°, gave 
a new trichloronaphthalene, m. p. 83°, which must be 1: 2:8. Its identity was further 
confirmed by synthesising it from 2-chloro-l-nitronaphthalene-8-sulphonyl chloride as 
described by Cleve in 1893. By 1895 Armstrong and Wynne had prepared all the 14 
trichloronaphthalenes in quantities of 35—50 grams and had started on the task of further 
characterising them by preparing from each a monosulphonic acid. . Their constitution 
had,.moreover, been determined by so many methods that there was no doubt that the 
fourteen predicted by theory, and no more, were known. It is worth while to reproduce 
the following table, given by Armstrong and Wynne (P., 1895, 11, 85), which shows how 
rapidly the scanty knowledge of these compounds which chemists had in 1888 was made 
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complete by 1895. The table shows in the last column how many independent checks 
were made of the constitution of each compound. 


Constitution and m. p. assigned by 





S. a 
Armstrong and Wynne, 1895, 
State of snowiefee at end of 1888. me and Wynne, Cleve, No. of 

M. 1889—1890. 1892—1893. M. p. methods used, 
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The value of this series of reference compounds in determining constitutions was 
demonstrated repeatedly in a series of some sixteen papers under the general heading 
“‘ Studies on the constitution of tri-derivatives of naphthalene,’ published between 1890 
and 1897. Special attention was paid to the naphthylaminedisulphonic acids, of which 
many were put at Armstrong’s disposal by the German dyestuff firms, who obviously 
followed his work with the closest attention. One of the most valuable papers was un- 
doubtedly that on the further sulphonation of the four isomeric heteronuclear $-naphthyl- 
aminemonosulphonic acids. In this paper was described for the first time (P., 1890, 6, 
129) 2:5: 7-naphthylaminedisulphonic acid (from the 2: 5-monosulphonic acid), which 
by caustic fusion gives one of the most important intermediates for azo-dyes, 2: 5: 7- 
aminonaphtholsulphonic acid, the J acid of dyestuff chemists. This work also led Arm- 
strong and Wynne to study the sulphonation of the chloronaphthalenemonosulphonic 
acids, and to compare the orienting influence of the chloro- and the amino-radical. 

Among other naphthylaminedisulphonic acids of which the constitutions were deter- 
mined by Armstrong and Wynne were the acids obtained by sulphonating naphthionic 
acid, known as Dahl acid II and III, which were shown to be 1 : 4 : 6- and 1 : 4: 7-naphthyl- 
aminedisulphonic acid respectively; Schéllkopf acid, 1:4: 8; e-acid, obtained by the 
A.G.F.A. by nitration and reduction of Armstrong’s 1 : 6-disulphonic acid, shown to be 
1 : 3: 8-naphthylaminedisulphonic acid; and a number of others. 

Arising out of the work on e-acid an incident occurred later which is worth recording, 
as it illustrates Armstrong’s generosity in recognising the claims of others. Messrs. Kalle 
and Co. had obtained what was supposed to be 1l-naphthylamine-3-sulphonic acid by 
removing one sulphonic group from e-acid by reduction. Armstrong and Wynne con- 
firmed this observation (P., 1895, 11, 238) and drew special attention to the fact that the 
1 : 3-acid thus obtained corresponded with the description given by Cleve of an acid which 
he had obtained by reducing a nitronaphthalenesulphonic acid isolated from the nitration 
of naphthalene-f-sulphonic acid, and which he claimed had the 1 : 3-constitution. Neither 
Armstrong and Wynne, nor other workers had been able to isolate the nitrosulphonic acid 
described by Cleve, but Armstrong and Wynse now provided decisive evidence that he had 
indeed obtained it. 

All Armstrong’s work on naphthalene was directed towards one end, the elucidation of 
the factors governing substitution in the naphthalene nucleus. He early recognised the 
so-called alpha law, that in substitution reactions the tendency is first for an a-hydrogen 
to be displaced, whereas 6-substitution requires generally more drastic conditions. A 
second characteristic which he recognised was that, when a ‘single substituent group is 
present in naphthalene which in benzene derivatives would give rise to meta-derivatives, 
a second substituent group enters the other nucleus, and a heteronuclear disubstituted 
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naphthalene results. A phenomenon to which particular attention was paid was the 
isomeric change to which naphthalenesulphonic acids are prone, generally resulting in the 
conversion of an a- into a B-sulphonic acid. One such change was discovered by Armstrong 
unawares. As early as 1881 (Ber., 1882, 15, 200) he started a study of the sulphonation 
of 6-naphthol, with the object of trying to cut down the large amount of sulphuric acid 
used by Schaeffer in preparing the acid known by his name. It was discovered that, 
sulphuric acid at a low temperature, or chlorosulphonic acid in carbon disulphide, being 
used, a sulphuric acid derivative of 6-naphthol was obtained which could be readily hydro- 
lysed back to f-naphthol, but which, by mere heating at water-bath temperature, was 
converted into Schaeffer’s acid. He concluded that the readily hydrolysable derivative 
was §-naphthyl sulphate, C,,H,-O-SO,H, and it was not until 1893 that Tobias (Ger. Pat. 
74688) showed that it was in reality 6-naphthol-l-sulphonic acid. Armstrong’s mistake 
was excusable, for the instability of 8-naphthol-l-sulphonic acid was unprecedented. The 
subject was taken up again in 1887, when the sulphonation of 1-bromo-f-naphthol was 
studied (this gave directly the bromo-derivative of Schaeffer’s acid) and also the sulphon- 
ation of the “‘ 6-naphthyl sulphate.” . The latter operation gave, not a “‘ sulphosulphate,” 
but “‘ an isomeric disulphonic acid which is of special interest on account of the readiness 
with which, by mere warming with dilute sulphuric acid, it is converted into Schaeffer’s 
g-naphtholmonosulphonic acid; there is little doubt that one of the sulphonic groups 
occupies an a-position contiguous to the OH”’ (P., 1887, 3, 144). It is evident that Arm- 
strong fully recognised the mobility of groups in the 1-position of B-naphthol, and was 
very close to forestalling Tobias’ discovery made in 1893. Armstrong went on to study 
the sulphonation of p-ethoxynaphthalene with Amphlett, and of the 6- and «-halogeno- 
naphthalenes with Wynne, Sindall, and Williamson. The $-halogeno-compounds gave 
most interesting results. Sulphonated at a low temperature with chlorosulphonic acid in 
carbon disulphide, both the chloro- and the bromo-naphthalene gave as major product the 
8-sulphonic acid with a little of the 6-sulphonic acid, but as the temperature of reaction 
was raised the proportion of the latter acid increased, and the 8-sulphonic acid could be 
converted into the 6-isomeride by heating at 150—160°. §-Iodonaphthalene, on the other 
hand, whilst giving, like the chloro- and bromo-compounds, the 8-sulphonic acid as major 
product, gave as a minor product not the 6- but the 5-sulphonic acid. It was argued from 
this circumstance that also in the case of §-chloro- and §-bromo-naphthalenes the 
5-sulphonic acid is probably a primary product but is instantaneously isomerised to the 
6-acid. This use of the three halogens was a favourite resource of Armstrong’s in attacking 
many problems in organic chemistry. He applied the method in studying the occurrence 
of iso-polymorphous series in benzenoid compounds and in his study of the strengths of 
aromatic sulphonic acids. 

Later Armstrong and Wynne doubted whether the so-called isomerisation of 
naphthalenesulphonic acids is in fact such a phenomenon. More probably it is connected 
with the fact that «-sulphonic acids are more readily hydrolysed than $-sulphonic acids ; 
in other words, «-sulphonation is reversible and §-sulphonation is not. Consequently, 
although the rate of 6-sulphonation may be much slower than that of «-sulphonation, under 
appropriate conditions the former will be the final product. Alternatively a polysulphonic 
acid may be formed by £-sulphonation of the first-formed «-sulphonic acid, followed by 
removal of the «-sulphonic group. The former explanation was supported by the observ- 
ation that in the chlorination and bromination of naphthalene a small proportion of the 
§-compound is formed along with the a-compound, proving a tendency, slow though 
distinct, to direct 6-substitution. 

In the course of his sulphonation studies Armstrong was impressed with the “‘ invincible 
objection ” of two sulphonic radicals to remain in contiguous or in para- or peri-positions 
to one another in the naphthalene nucleus when naphthalene or a substituted naphthalene 
is sulphonated. This behaviour made it impossible to obtain several of the theoretically 
possible di- and poly-sulphonic acids until, in 1892, a discovery was made in the laboratories 
of the Farbenfabriken vormals F. Bayer und Co. of a method for introducing a sulphonic 
group in place of an amino-group, the now well-known diazo-xanthate method. This 
process was revealed to Armstrong by Dr. Duisberg before the patent (G.P. 70296) was 
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published, and he and Wynne at once used it successfully for preparing the 1 : 2-, 1: 4., 
and 1 : 8-naphthalenedisulphonic acid (P., 1893, 9, 166) from the corresponding naphthyl. 
aminesulphonic acids. The number of known disulphonic acids was thus brought up to 
nine of the ten theoretically possible. 

In addition to all the work which has been described, much attention was paid to the 
chlorination and bromination of naphthalene and £-naphthol, and to the behaviour of the 
halogen derivatives with nitric acid and on sulphonation, the chief collaborators in this 
work being Rossiter and later W. A. Davis. These studies provided much evidence in 
favour of Armstrong’s thesis that addition precedes substitution. The fact that bromin- 
ation of naphthalene, unlike chlorination, gives no 1 : 3-di-derivative is explained by the 
fact that naphthalene does not form a tetrabromide but does form a tetrachloride. Bromin- 
ation of 6-naphthol was shown to give the 1-bromo- and then the 1 : 6-dibromo-derivative, 
and Davis reduced the latter to 6-bromo-$-naphthol. Further bromination gave the 
1:3: 6-tri- and 1 : 3: 4: 6-tetrabromo-f-naphthols. _ Rossiter (P., 1891, 7, 32) also claimed 
that sulphuryl chloride. reacted with 6-naphthol to give the 1 : 4-dichloro-derivative, but 
this interesting claim does not appear to have been confirmed. It was also observed that 
1-bromo-f-naphthol formed an addition compound with nitric acid which decomposed in 
two ways, with acids to give 6-naphthaquinone and with alkalis to give 1-nitro-8-naphthol. 
This observation gave strong support to the addition hypothesis to explain substitution. 

In the course of the studies of isomerisation of naphthalenesulphonic acids, Armstrong 
pointed out the tendency of naphthalene substitution products to assume a symmetrical 
structure.. 2-Naphthol-6-sulphonic acid is an example of this tendency ; similarly, «-chloro- 
naphthalene, which at low temperatures gives the 4-sulphonic acid, at higher temperatures 
was found to give the more symmetrical 5-sulphonic acid, presumably by isomerisation. 


He also pointed out that symmetrically substituted naphthalene derivatives have higher 


melting points than those which are less symmetrical; thus of the dichloronaphthalenes the 
2 : 6-compound has the highest melting point, the 2 : 3-isomeride having the next highest, 
then the 1:5-compound. This tendency for symmetrical to have a higher m. p. than 
unsymmetrical compounds is, however, subject to numerous exceptions, and it is evident 
that other factors come into play in determining fusibility. 


Benzene. 


Armstrong was as interested in substitution in benzene derivatives as in naphthalene, 
and although he was born too late to be a pioneer in this field he nevertheless made 
important contributions to our understanding of the subject and in the course of his work 
developed clear-cut ideas. His work on the sulphonation of aniline and its derivatives is 
particularly important, as out of it arose the conception that the so-called meta-directing 
groups are those which have no ortho-para-directing influence, and are even inhibitors of 
op-substitution (P., 1899, 15, 176). He showed that when amines are converted into 
salts they lose their ortho-para-effect; thus aniline in strong fuming sulphuric acid gave 
metanilic acid (Armstrong and Berry, P., 1900, 16, 159). With Miss Evans it was shown 
that dimethylaniline gives the p-sulphonic acid with chlorosulphonic acid; in sulphuric 
acid it becomes more and more difficult to sulphonate as the quantity of acid present is 
increased, and to get the m-sulphonic acid strong fuming sulphuric acid is necessary. 
Another valuable line of work was the study of the bromination of ethers and esters of 
phenol and phenol-f-sulphonic acid, in which it was shown that some acyl groups, such as 
benzoyl, benzenesulphonyl, and benzylsulphonyl, completely protect the phenol-f-sulphonic 
acid from bromination. It was also shown that the benzeneazo-group can be displaced 
from benzeneazophenol by bromine exactly as the sulphonic group is from phenol-f- 
sulphonic acid. 

Armstrong was the first to study systematically the recovery of hydrocarbons from their 
sulphonic acids by hydrolysis with aqueous sulphuric acid. This work was done in 1884 
in collaboration with Miller (J., 1884, 45, 148), and it was shown that the sulphonic acids 
of different homologues of benzene, and naphthalene- and phenol-sulphonic acids require 
different- strengths of acid and therefore different temperatures to effect their hydrolysis. 
It was attempted to use the method to effect separation of the hydrocarbons from mixtures 
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by fractional hydrolysis of the sulphonic acids, but the temperatures of hydrolysis were 
not sufficiently sharply differentiated for this purpose. 

’ The Kekulé formula for benzene did not satisfy Armstrong’s desire to form a satis- 
factory mental picture of the benzene molecule and to represent it by a symbol free from 
ambiguity. His historic centric formula (I), which was suggested independently by 
Baeyer, was devised to meet the drawbacks to Kekulé’s formula, that it represented 
benzene as having three ethenoid linkages, whereas it is in no way ethenoid, and that it 
implies the possibility of two different o-disubstituted derivatives. 

In the centric formula the six central affinities were assumed to neutralise each other 
without constituting cross linkings within the ring. They were pictured as acting within a 
cycle rather than merely towards the centre. Armstrong later suggested the following 
“centric ” formule for naphthalene (II), anthracene (III), and anthraquinone (IV) : 


ee 
Vcr” Ve W4 \co 
(I:) (I1.) (IIL) (IV.) : 


Crystallography. 

The work carried out on benzene derivatives in the laboratories at the Central Technical 
College was largely concerned with crystallographic studies. Amongst Armstrong’s con- 
victions when he started teaching chemistry at the Central was one that chemists would 
profit by a knowledge of crystallography, which had hitherto been the almost exclusive 
territory of the mineralogist. As all Armstrong’s pupils knew, he constantly endeavoured 
to get them to think structurally in three dimensions. The idea that the crystal was the 


' solid expression of molecular structure was always in his mind. In this, as in so many of 


his ideas, he was a pioneer. In 1886 H. A. (now Sir Henry) Miers, who was an assistant in 
the Mineral Department of the British Museum (Natural History), started a class in 
crystallography at the Central, at Armstrong’s invitation, and among his pupils were 
(Sir) W. J. Pope, T. M. Lowry, and A. Lapworth. From that time until the closing down 
of the Chemistry Department in 1912, all the chemistry students had practical training in 
crystallography. The last instructor was T. M. Lowry, under whom the present writer 
studied the subject. This early introduction to a three-dimensional world undoubtedly 
determined the trend of the later interests of both Pope and Lowry. 

It was usual for papers on chemical subjects from Armstrong’s laboratories to include a 
detailed description of the crystals of the new substances reported. The laboratory was 
recognised as an institution at which new crystalline substances were welcomed as objects 
of investigation, and many research workers sent substances for crystallographic description. 
The results of work of this kind formed the subject of some fifteen “‘ Mittheilungen aus dem 
krystallographischen Laboratorium des Central Technical College” in the Zeitschrift fir 
Krystallographie. 

For many years Armstrong was a member of a committee of the British Association 
the function of which was to study crystal morphology in the benzene series. The work 
carried out at the Central comprised the preparation and crystal measurement of isomeric 
mono- and di-halogen-substituted benzenesulphonyl] chlorides and bromides, and resulted 
in the discovery amongst the chloro-, bromo-, and iodo-derivatives of several isopoly- 
morphous series which were reported to the British Association. The development of the 
Barlow—Pope theory of crystal structure during the years 1906—1908 gave the Professor 
great satisfaction, since it provided a working hypothesis which he could apply to the data 
he had accumulated. The theory depended on two assumptions which have since proved 
to be untenable, that the volumes of the “‘ spheres of influence ” of the atoms in a crystal 
were proportional to their valencies, and that in the crystal the spheres of influence were 
close-packed. The writer and Dr. Colgate took up this study in 1910 and during four years 
examined the crystals of a very large number of derivatives of benzenesulphonic acid, 
checking and extending the work of earlier students. Several papers were published, and 
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in the fifth of the series (Proc. Roy. Soc., 1914, A, 90, 111) the whole of the data was 
reviewed ; their only value now consists in the crystallographic constants they record. The 
discovery of the X-ray method of investigating crystal structure by Laue, Friedrich, and 
Knipping in 1912 and its development by the Braggs and others provided a wonderfully 
precise weapon for studying the molecular architecture of crystals, and justified to the full 
Armstrong’s belief in the importance of the subject, confirming his early confidence that 
crystal structure is determined by the arrangement of the atoms in the molecule. 


The Origin of Colour. 

Although Armstrong did not make any extensive experimental study of coloured 
compounds or dyes, he was the originator of an important generalisation which soon became 
one of the guiding principles of dyestuff chemists, the quinone theory of colour. One has 
only to read the short paper (P., 1888, 4, 27) in which the theory is first put forward, to 
realise that it was not just a sudden flash of genius but the result of wide knowledge and 
deep thinking. Nor was Armstrong, as some critics have said, oblivious of the existence 
of colour on either side of the visible spectrum, for in the early part of the paper he says 
“the unsaturated hydrocarbons are not only more reactive than the paraffins, but the 
beginnings of colour are manifest in them if examination be made in the regions above and 
below the visible spectrum.” After referring to the identity which had been discovered 
by Zincke and Bindewald of benzeneazo-a-naphthol and «-naphthaquinonephenylhydrazone 
he suggests that hydroxy- and amino-azo-dyes generally should be regarded as quinonic 
substances of the types 


O:C,H,N-NHR and NH:C,H,;N-NHR 


and he then goes on to propose quinone formule for such dyes as pararosaniline and 
methylene-blue. In a later paper he concluded (P., 1892, 8, 101) that the quinonoid 
origin of visible colour appeared to be so general that if a coloured compound was not 
quinonoid its formula was suspect. In this paper he suggested that o-nitrophenol must 


be quinonoid on account of its strong colour; he suspected that m-nitroaniline should be 
colourless if pure, but all his attempts with Kipping to remove its colour were fruitless, and 
he owned himself baffled. One of the most striking justifications of Armstrong’s theory was 
the discovery of the deeply coloured quinones of polycyclic systems such as dibenzanthrene, 
many of which are valuable vat dyes. The writer cannot refrain from quoting the pregnant 
words used by Armstrong in the discussion of his second paper on colour, in reply to 
Ramsay: “ It appeared probable that ultimately colour would be traced to that peculiar 
condition represented conventionally by a double bond, the atoms being regarded as 
altogether subordinate.” This is the modern view, fifty years later. 


The Terpenes and Camphor. 


One of the major preoccupations of organic chemists during the last quarter of the 
nineteenth century was the problem of the constitution of camphor and of the closely 
related terpenes. In this work Armstrong and his school, including Kipping, Pope, 
Lapworth, Lowry and Forster, played a prominent part. Armstrong’s first paper on 
camphor appeared in the Chemical News in 1878, when with Matthews he described a 
simple method for obtaining pure a-bromocamphor. A paper in the Berichte of the same 
year described experiments on the action of iodine on turpentine with production of 
cymene, and the following year appeared a long paper with W. A. Tilden (J., 1879, 35, 733) 
describing experiments on the action of sulphuric acid of different concentrations and at 
different temperatures on American and French turpentine, and demonstrating the complex 
nature of the changes which take place. The steam-volatile, optically inactive product 
of the action of concentrated sulphuric acid on turpentine, which had been given the 
name “ terebene ”’ by Deville in 1840 and was apparently regarded as a chemical individual, 
was shown to consist largely of camphene, together with some cymene and a hydrocarbon 
CioHe. A more dilute acid produced principally ‘‘ terpilene ” (terpinolene, Wallach), the 
structure. of which was later established by Baeyer. 
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The so-called “‘ colophene ”’ (the non-volatile product of the action of sulphuric acid on 
turpentine) was shown to be probably a mixture of polymers. Armstrong and Tilden also 
studied the oxidation of camphene and of camphor. From di/-camphene, by oxidation 
with dichromate and sulphuric acid, they obtained dil-camphor; this, by further oxidation 
with nitric acid, was converted into dl-camphoric acid, which had been previously made by 
Chautard by mixing the optically active forms. 

In 1883, Armstrong and Miller studied the action on camphor of zinc chloride, iodine, 
phosphoric oxide, and phosphorus pentasulphide. The reactions are highly complex : 
from the product of the dehydration of camphor with zinc chloride, for example, there were 
isolated p-cymene, 1 : 2-dimethyl-4-ethylbenzene, 1:2:3.:5-tetramethylbenzene, and 
carvacrol. 

In 1891, Armstrong investigated the crystalline alcohol, C,)H,,O,, produced from oil 
of turpentine by atmospheric oxidation in presence of sunlight, and gave to it its present 
name, sobrerol (after Sobrero, who first isolated it in 1851). He isolated the dextrorotatory 
form of sobrerol from American oil of turpentine and also from a Burmese oil, and the 
levorotatory form from French oil. With Pope, he published a crystallographic study of 
the hemihedral crystals of the two enantiomorphs, and also of the racemic compound 
prepared by mixing them and crystallising. 

In 1893, continuing the experiments which had been begun earlier with Miller, Arm- 
strong in collaboration with Kipping, studied the product of reaction of camphor with hot 
concentrated sulphuric acid. By this process, Delalande, in 1839, had obtained an oily 
product to which Chautard in 1856 had given the name “‘ camphren.”” Camphren was later 
investigated by Schwanert and by Kachler, with varying results. Armstrong and Kipping 
showed that crude camphren contained, in addition to unchanged camphor, 1-acetyl- 
3: 4-dimethylbenzene (isolated by its phenylhydrazone) and a substance of peppermint- 
like odour which yielded «-methylglutaric acid on oxidation. The complete structure 
of this substance, now known as carvenone, was determined later by Tiemann and 
Semmler. 

To Armstrong’s school belongs the credit of first preparing a sulphonic acid of camphor, 
although the action of sulphuric acid on camphor had previously been studied by many 
other workers. The work was carried out by Kipping and Pope from 1893 onwards, but 
the hand is obviously the hand of Armstrong. All the features of the naphthalene research 
are present, the careful investigation of conditions using fuming sulphuric acid and chloro- 
sulphonic acid, the isolation and purification of sulphonyl chloride and sulphonyl bromide, 
finally the pyrogenetic decomposition of these with formation of new chloro- and bromo- 
camphors, the x series, as they were named and are still called. Corresponding x-sulphonic 
acids were obtained from «-chloro- and «a-bromo-camphors, and these acids of the 
m series were later used by Pope and by others for the isolation of optically active 


‘compounds containing asymmetric atoms of nitrogen, sulphur, silicon, tin, and other 


elements. 

With Lowry, Armstrong carried out important work on the constitution of the sulphonic 
acid of camphor first prepared by Reychler in 1898 by the action of a mixture of acetic 
anhydride and sulphuric acid on camphor at the ordinary temperature. Reychler con- 
verted his acid into the corresponding amide, of which he obtained two forms; he considered 
the acid to be the «-sulphonic acid and the two amides to be stereoisomeric forms. Arm- 
strong and Lowry applied Reychler’s method to «-chloro- and «-bromo-camphor and 
obtained corresponding sulphonic acids from them, and found that by dehalogenation by 
reduction the amides gave one or other of Reychler’s camphorsulphonamides. Eventually 
it was found that Reychler’s two “‘ sulphonamides ’’ were not isomeric, but that one was 
an anhydride formed by loss of water from the other. Further consideration of the 


" properties of the sulphonic acids, and especially the impossibility of oxidising them to 


camphoric acid, led to the conclusion that the sulphonic group could not occupy the 
a-position, and this conclusion was confirmed by the discovery that thermal decomposition 
of the sulphobromide gave a new (8-)bromocamphor, which was also prepared at about 
the same time by Forster by another method. Reychler’s acid must therefore be the 
8-sulphonic acid. ~ 
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The identity of the 6-position in the camphor skeleton was unknown. On the evidence 
available, two positions were possible, carbon atoms 6 and 10 in the inset 

C diagram. Both Armstrong and Lowry and also Forster favoured carbon 
c——c——co 8, and it was not until 1923 that Wedekind, Schenk, and Stiisser (Ber., 


10 


56, 633) obtained evidence showing that carbon 10 is almost certainly 

Bae Rs the ®-carbon. The anhydride formation from the sulphonamide, in 

7 8 which the keto-group is involved, indeed seems much more understand- 

c}._-C+__3C able if the sulphonic group is on carbon 10. Later Lipp and Laus- 

berg (Annalen, 1924, 486, 274) concluded that $-bromocamphor is the 

10-bromo-compound, confirming Armstrong’s and Lowry’s view that no change of orient- 
ation occurred when the sulphobromide decomposed into 6-bromocamphor. 

In their third paper on camphor Armstrong and Lowry (J., 1902, 81, 1469) discussed 
the mechanism of the complex changes associated with substitution in and ‘“‘ dehydration ” 
of camphor. The view is held that changes are initiated by addition at the keto-group. 
The process of x (i.¢., 8)-sulphonation, discovered in Armstrong’s laboratory by Kipping 
and Pope, is supposed to involve the rupture of the bond between carbons 1 and 7 at an 
early stage and “yg be represented schematically thus : 


CHy°C:CH, Me‘C(OH)-CH,'SOgH H, 
WY "Ge * = CH ar cH, = > CH,CH—CH, 2 [Mee Sosa ‘SOsH| | 
CHyCHMe-CO — CH,CHMe-CO 


This mechanism is supported by the known formation of carvenone by the action of 
sulphuric acid on camphor; and by the formation with the same reagent of acetyl-o- 
xylene observed by Armstrong and Kipping. It also fits in with the racemisation of 
camphor when converted into the w-sulphonic acid observed by Kipping and Pope, but to 
account for this phenomenon completely, inversion of the other optically active carbon 
atom, No. 4, must occur. Enolisation must be involved, and the complete scheme to 
account for racemisation is : 


The well-known work of Lapworth and Forster on camphor chemistry was initiated 
in Armstrong’s laboratory. Finally mention must be made of Lowry’s important work 


on nitrocamphor leading to the discovery of the phenomenon of mutarotation, which was 


traced to the change 
CoH eh O" — — Cy " we ‘ 


The same phenomenon was observed with igs ay and the now well- 
known term “‘ dynamic isomerism ”’ was coined to describe the condition of such substances. 
Armstrong’s work in the camphor field was thus not only valuable in itself but an inspiration 


to others. 
The Theory of Aqueous Solutions. 

Armstrong’s independence of thought showed up most strongly in his determined and 
prolonged opposition to the ionic dissociation hypothesis as developed by Arrhenius, 
van ’t Hoff and Ostwald (‘‘ the Three Musketeers of Physical Chemistry ” as he styled 
them) to explain the electrical conductivity of aqueous solutions of salts, acids, and bases. 
His attitude was indeed consistent with his whole chemical philosophy. He had pondered 
deeply on the processes of chemical change, and had come to the conclusion that such 
changes were preceded by association of the interacting substances. The idea of the 
spontaneous dissociation of a molecule into charged ions was therefore distasteful and 
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contrary to his chemical feeling. Equally important in determining his attitude was his 
conception of water. “ Water,’’ he says, “ is of all substances known to us not only the 
most active and useful but the most marvellous.”” How then should this powerful sub- 
stance behave merely as a medium for the dance of the ions, or as a screen to keep them 
apart? The supporters of the theory of ionic dissociation concentrated their attention on 
what happened to the solute and ignored the solvent. Armstrong insisted that the solvent 
and the solute must play reciprocal parts in any conducting solution. He also pointed out 
that the mathematical formule on which the “ ionists ” relied held true only for very dilute 
solutions of those substances which in water formed electrolytes; that is to say, they only 
held true when water was in great excess. The properties of such solutions were therefore 
surely due to the effect of the dissolved substance on the water ! 

In 1909 Armstrong produced two lyrical essays on water, the very titles of which are 
characteristic of the man: ‘A Dream of Fair Hydrone”’ and “ The Thirst of Salted 
Water.” In these two amusing papers we get the whole case against the ionic theory, 
supported by apt allusion and quotation, gentle ridicule and serious warning against mass 
suggestion. Armstrong was one of those rare men whose heterodox opinions have a way 
of coming true at a later date, perhaps not exactly as he expressed them, but very nearly 
so. In the papers just quoted he discusses and compares the hydrides of carbon, nitrogen, 
oxygen, and chlorine, showing that, from its physical properties alone, water must be a 
complex substance, not aitch-two-oh! He then goes on to compare the behaviour of 
hydrogen chloride towards ammonia and unimolecular water, which he proposes to call 
“hydrone.” He supposes that, just as ammonia combines with hydrogen chloride to form 
ammonium chloride, nitrogen passing from the tervalent to the quinquevalent stage, so 


hydrone combines with hydrogen chloride to form the complex H,O<t}, in which the 


oxygen becomes quadrivalent. One must admit that this is a remarkable prevision of 
modern views based on the octet theory, although Armstrong could not foresee that the 
above complex should be divisible into the ions OH,* and Cl-, as ammonia gives NH,* and 
Cl-. He considered that radical exchange was reciprocal in a solution of hydrogen chloride 


in water, with formation of two kinds of complex, H,O<4 and HO<G and that electro- 


lysis involved interaction of both. He was careful to point out that he did not conceive 
that simple hydrate formation would account for the production of electrolytes, but that 
some reciprocal effect between solute and solvent was to be looked for. 

That a salt or acid dissolved in water was in any way comparable with a gas was a view 
strenuously opposed by Armstrong, whatever mathematical analogy might be discovered 
by van ’t Hoff and others. Fitzgerald had advanced cogent arguments against the con- 
ception in his Helmholtz Memorial Lecture to the Chemical Society in 1896, and Armstrong 
took his stand largely on Fitzgerald’s views. He found an explanation for osmotic effects 
in the complex nature of water and the effect thereon of dissolved substances. Thus 
osmotic pressure became, in his view, “ the Thirst of Salted Water.”” Water is a complex 
(H,O), saturated with the “gas” hydrone, H,O. A solute combines with the hydrone, 
thereby lowering the vapour pressure. The osmotic pressure manifested by such a solution 
is the hydraulic pressure exercised by the extra molecules of hydrone attracted into it by 
the distributed complexes. These ideas are elaborated in several papers, especially ‘‘ The 
Origin of Osmotic Effects ’’ (see “‘ The Art and Principles of Chemistry,” Ernest Benn Ltd., 
1927). 

Experimentally Armstrong attacked the problem of aqueous solution from a number 
of directions. Particularly he studied the displacement of salts from solution by inorganic 
and organic solutes; the rate of hydrolysis of esters by acids of all kinds, and the effect of 
the presence of salts; and the hydrolysis of sucrose and other carbohydrates by acids and 
by enzymes. During the years 1906—1913 papers of the series ‘‘ Processes operative in 
Solution,” over 30 in all, appeared at regular intervals, most of them in the Proceedings 
of the Royal Society. The collaborators were Caldwell, Whymper, Watson, Glover, Eyre, 
Wheeler, Crothers, Walker, Worley, and others. It would be impossible here to attempt 
to summarise all this work, The experiments on the hydrolytic activity of acids, however, 
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must be mentioned. These drew attention to a fact which was already known to Ostwald, 
that the activity of acids increased with increasing concentration, whereas if, as the sup- 
porters of ionic dissociation maintained, hydrogen ions were the active agents, hydrolytic 
activity should increase with increasing dilution. Another difficulty for the dissociationists 
was that the hydrolytic activity of acids was increased in the presence of their salts. Arm- 
strong therefore concluded that hydrolysis had nothing to do with hydrogen ions but was 
affected by the break-down of a system composed of the hydrolyte, the catalyst and water. 
The process was therefore parallel to that of hydrolysis by enzymes, apart from the fact 
that the latter are specific in their action whilst acids are not. 

The controversies have died down. Most chemists leave consideration of such matters 
to the specialists, the physical chemists, and believe what they are told. Nevertheless, the 
perplexing problems presented by aqueous solutions, so clearly perceived by Armstrong, are 
still problems. New knowledge has brought modifications to the ionic dissociation theory, 
and some of Armstrong’s criticisms have been justified. 

Parallel with his studies on processes operative in solution, Armstrong was producing 
two other series of papers, one on the “‘ Origin of Osmotic Effects,” the other on “‘ Enzyme 
Studies.” Under Armstrong’s treatment, these investigations were closely related to his 
studies of solutions. In the former series he brought into his orbit differential septa such 
as the covering of the seed of the barley, Hordenum vulgare, on which some curious observ- 
ations had been made by Adrian Brown (1909); and the substances which stimulate 
enzyme activity by penetrating the leaves of plants (1910). The enzyme studies were 
carried out in collaboration with his son E. F. Armstrong, Glover, Eyre, Horton, and a 
number of occasional helpers. Dr. J. V. Eyre in 1916 contributed an admirable summary 
of the work to the “ Central” (Vol. 13, No. 39, Aug., 1916). The work was started in 
1900 with the object of studying quantitatively the hydrolytic action of enzymes, especially 
on biose sugars. It was shown that, in absence of other disturbances, the rate of hydrolysis 
was constant and dependent only on the amount of enzyme present. From this and other 
data gained from a study of the influence of the products of change, it was concluded that 
hydrolysis occurred at the surface of the colloid particles of the enzyme, to which were 
attracted active molecules of water and molecules of the sugar. The early experimental 
work was done on lactase, maltase, invertase, and emulsin. Later an important study was 
carried out on urease, the urea-splitting enzyme, when it became known from the work of 
Takeuchi that this enzyme was readily obtainable from soya bean. Only the briefest 
mention can be made of the intensely interesting work on the cyanophoric glucosides and 
corresponding enzymes occurring in the bean Phaseolus lunatus, in cherry laurel (Prunus 
laurocerasus), in different species of flax, and in such herbage plants as birdsfoot trefoil 
(Lotus corniculatus) and white clover (Trifolium repens). In the cherry laurel a new 
enzyme was discovered which, whilst without action on amygdalin, hydrolysed prunasin, 
the glucoside left after one half of the glucose of amygdalin has been removed. The new 
enzyme, prunase, must therefore be present in the complex enzyme emulsin. Subsequently 
the glucosides linamarin, amygdalin, prunasin, and salicin were used as test substances in 
seeking for enzymes in the leaves and seeds of a very large number of plants. It was found 
that the occurrence of cyanophoric glucoside in white clover and birdsfoot trefoil was 
fortuitous and inexplicable, and the opinion was expressed that variations in enzyme and 
glucoside content might have an important bearing on the value of such plants as feeding 
stuffs. Unfortunately this important and original line of work was cut short at the flood 
through the dispersal of Armstrong’s collaborators when his chemistry school was closed 
down. 

Reference was made on p. 1432 to Armstrong’s conceptions of the mechanism of chemical 
change. These views were based on those of his spiritual master Faraday, whose work on 
electrolysis he regarded as one of the masterpieces of all time. Every one of his students 
was urged to read and study Faraday’s electrochemical researches. ‘‘ All ordinary chemical 
actions are themselves electrical.’”” To understand any chemical reaction, look for the 
electrolyte. Two pure substances cannot interact. Chemical reaction is a kind of reversed 
electrolysis, requiring for its progress a complete electric circuit. These ideas were forming 
in his mind as early as 1880, being strengthened by H. B. Dixon’s observation in that year 
that water vapour was necessary for the combustion of carbonic oxide in oxygen. The 
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striking results obtained by H. B. Baker on the effects of intensive drying in slowing 
down and even preventing combustion lent confirmation to his views, and in 1885, dis- 
cussing one of Baker’s papers at a Chemical Society meeting, he said that “‘ he had ventured 
to affirm to Mr. Dixon that some day it would be ascertained that a mixture of pure oxygen 
with pure hydrogen was not explosive.” Seventeen years later Baker himself showed 
that it was possible to prepare an intensively dried mixture of oxygen and hydrogen which 
did not explode when sparked, and Armstrong’s prediction was fulfilled. It also appeared 
from Baker’s experiments that water alone did not suffice to make such a mixture explosive, 
but that something more was needed. In Armstrong’s view the missing substance was 
something to render the water a conductor and complete the electric circuit. In spite of 
all evidence to the contrary he maintained that water—pure water—must be a perfect 
non-conductor, If the purest water obtainable still had a measure of conductivity, it was 
not pure water. On this question, as on some others, Armstrong allowed his feelings to 
go beyond the evidence. 

The rusting of iron was another subject in which Armstrong took a lively interest, both 
because of the technical importance of the subject and because rusting was a process 
suspected from early days of having a voltaic origin. He believed that atmospheric 
corrosion would be impossible, even in presence of air and water, unless an electrolyte were 
present. G. T. Moody was able to show experimentally at the Central that iron could be 
kept indefinitely uncorroded in presence of water and a current of air from which carbon 
dioxide was rigidly excluded; as soon as air containing carbon dioxide was admitted, 
rusting commenced (J., 1906, 89, 726). Armstrong’s view was that the first product when 
iron rusted in air was a soluble ferrous bicarbonate which was oxidised by air to an insoluble 
ferric compound, and in support of this Moody devised a very simple experiment. Some 
bright nails were put in a glass cylinder and covered to a depth of about an-inch with 
water; a disc of filter-paper was put in the water over the nails. In time a stain of rust 
appeared on top of the filter-paper, the nails being practically untarnished, showing that 
the rust was deposited from the water. Moody’s experimental results on the influence of 
carbon dioxide on rusting were challenged on the ground that his iron had been rendered 


passive before the experiment by treatment with chromic acid, and a good deal of con- 
troversy arose. Whether the simple question which these experiments tried to answer has 
yet been definitely settled the writer would not dare to assert. 

Armstrong’s beliefs regarding the mechanism of chemical change were given fully in 
his Presidential Address to the Chemical Society (J., 1895, 67, 1122); they subsequently 
underwent little modification, and pervade most of his chemical writings. 


Any notice of Armstrong’s life and work would be unbalanced without considerable 
reference to his labours in the field of education, for his name must be prominent in the 
history of educational reform during the last two decades of the nineteenth and the opening 
years of the twentieth century. The deficiencies in our educational system became 
apparent to him in his early teaching days at Finsbury, and he soon made up his mind 
that the poor quality of the average boy coming to be taught chemistry and physics was 
largely the result of bad elementary education. The prospect of starting a campaign 
against the notoriously conservative British forces of education would have daunted 
most men; but not Armstrong, in spite of his preoccupation with higher technical education 
and chemical research. He was, in fact, firmly convinced that higher education in technical 
subjects could only be properly built up on a satisfactory basis of elementary education. 

Armstrong’s first public pronouncement on methods of teaching science was made in 
a paper read before an International Conference on Education in 1884. In this paper he 
first advocates the teaching of the general science of daily life by setting the pupils to 
carry out practical experiments so designed that the students find out things for themselves. 
At the same conference a paper on somewhat similar lines was read by Professor Meiklejohn, 
who used the term “‘ heuristic ” to describe this style of teaching. The dictionary definition 
of the word is “ serving to discover ’’; it was not to be found in a dictionary at that time. 
Armstrong was in rebellion against the practice of teaching scientific subjects by the 
didactic methods, almost universal at the time, acquired from the teachers of classical and 
humanistic subjects. Science is an ever-growing body of knowledge acquired by experi- 
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ment, observation and use of the imagination, not a static collection of dogma. In his 
view the only satisfactory way to teach it is by leading the young student by suitable paths 
to experiment and discover for himself, making every use of the natural inborn curiosity 
which he believed every child to possess. He quoted a saying of Lessing to emphasise the 
difference between didactic and heuristic methods: ‘If the Almighty were in the one 
hand to offer me Truth and in the other the Search after Truth, I would humbly but firmly 
choose the Search after Truth.” Many years of hard work followed before Armstrong saw 
the truth of his arguments becoming acknowledged and the methods he advocated adopted. 
He worked largely through the British Association, which in 1887 formed a committee 
“for the purpose of enquiring into and reporting on the present methods of teaching 
chemistry in schools’; its members were Armstrong, J. T. Dunn, W. R. Dunstan, J. H. 
Gladstone, A. G. Vernon Harcourt, Francis Jones, R. Meldola, Pattison Muir, W. J. Russell, 
W. A. Shenstone, Professor Smithells, and Mr. Stallard—a truly representative body. 
Equally impressive are the names of the committee on “‘ The Teaching of Science in 
Elementary Schools ”” which was working at the same time: Armstrong, Lydia Becker, 
Sir John Lubbock, Sir Richard Temple, Sir H. E. Roscoe, James Heywood, N. Story 
Maskelyne. The first committee issued two important reports in 1889 and 1890, in which 
were included lengthy suggestions for elementary experimental courses in chemistry, 
entirely the work of Armstrong. These recommendations were, in part at least, taken into 
consideration by many educational and examining bodies, and played a very large part 
in reforming the teaching of science. Armstrong’s many essays and addresses on the 
subject, including the British Association report, are included in his book “‘ The Teaching 
of Scientific Method,” 3rd Edition, 1925. 

He was helped by a number of devoted disciples, notably by Hugh Gordon, an Oxford 
graduate who worked amongst the teachers of the Surrey Council Schools and later for the 
London School Board; by E. M. Rich, who worked in Staffordshire, Ireland and later 
became Director of Education under the London County Council; and by E. M. Heller, who 
carried reform into the National Schools of Ireland against much opposition. Mr. C. E. 
Browne successfully introduced Armstrong’s methods in the very letter and spirit, at 
Christ’s Hospital. Armstrong’s own first-year chemistry course at the Central Technical 
College was essentially heuristic in character. The engineers, who formed the majority of 
his students, made some fun of it; but many expressed appreciation of the value of the 
training in after life. The method is slow at first but it does inculcate sound principles and 
habits. To the last Armstrong was dissatisfied with the results of his efforts in the educa- 
tional field. That his fears were not groundless and that the unimaginative, conservative 
spirit which he fought so strenuously to reform still lingers unregenerate in dark places is 
shown by a letter in Nature of July 27th, 1940, from a schoolmaster who, discussing 
practical science teaching in public schools, proposes abolishing all practical work until 
after the school certificate examination, and cramming every boy, regardless of his capacity, 
with Latin. ‘“‘ Two good science lectures weekly, with demonstrations,” he maintains, 
“are all that are required.”’ It is because of this spirit in educational circles that the level 
of appreciation of the potentialities of science is so low amongst our general public, our 
business men and our administrators. In spite of such die-hards there is no doubt 
that revolutionary changes have taken place since Armstrong began his campaign over 
50 years ago, and these changes are due more to him than to any other man. It must 
be recorded that it was he who induced the Council of the British Association to establish 
the Educational Science Section in 1901, against much opposition. He devoted much 
time to putting it on its feet in its early days, receiving enthusiastic support from 
Sir Philip Magnus. 

As a teacher hirhself Armstrong was incomparable. He lectured, at South Kensington, 
only to the first-year students, since he regarded the ground-work as of the greatest im- 
portance. Although his methods were essentially heuristic, leading the student on from 
one discovery to another, he yet covered an amazing amount of ground, and any student 
who followed his course carefully had a. sound knowledge of the fundamentals of theoretical 
and inorganic chemistry, and also an appreciation of the history and growth of the science. 
The lectures were abundantly illustrated with carefully designed experiments which 
seldom failed. 
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His instruction of the senior chemistry students took the form of discussions rather than 
formal lectures. Listening to him we felt and knew that everything he told us was the 
outcome of his own experience and deep thinking, that we were not merely being told 
uncritically what other people thought. If we did not profit from his teaching, our own 
stupidity was to blame. 

Text books were abjured (‘‘ in our subject they are rarely otherwise than collocations 
of dogmatism and narrow mindedness ’’) but for general reading he recommended Kingsley’s 
‘“‘ Town Geology,” Cooke’s ‘‘ New Chemistry,” Black’s ‘‘ Magnesia Alba’”’ and Faraday’s 
* Researches in Electricity,’’ all calculated to imbue the student with the spirit of science. 

Armstrong found time, amongst all his other activities, to be an active Governor of 
two important schools, first St. Dunstan’s College, Catford, and then Christ’s Hospital, he 
being appointed to represent the Royal Society on the Council of Almoners of the latter 
school in 1896. To Christ’s Hospital he gave invaluable, unstinting service. The removal 
of the School from Newgate St. to West Horsham in 1902 gave the opportunity for building 
new modern laboratories for science teaching. The design and equipment for these were 
his special care, besides such matters as water supply, drainage and sewage, and he paid 
close attention to the diet of the boys. Workshops for manual training were built and 
equipped at his instigation, and a revolution took place in the provision for art training. 
Owing to his efforts the school, which had been traditionally devoted to classics and 
mathematics, became the best equipped school in the country for science teaching. As 
late as 1929 he supervised the building of a new science block made necessary by the 
expansion of the needs of the school. It was at Christ’s Hospital that he found the best 
opportunity for putting into practice heuristic teaching at a school, for at first the institution 
was free from interference from outside examining bodies. In 1908, however, the school 
was obliged by the Board of Education to adopt the School Certificate Examination as a 
criterion of efficiency, and the heuristic teaching had to be modified to meet the require- 
ments of the examination syllabus. The spirit of the method was, however, maintained. 
Armstrong was deputy chairman of the school’s Education Committee from 1916—1930, 
then Chairman up to 1937, when he retired owing to ill-health and was appointed Education 
Adviser by the Council as a mark of their appreciation of his great services. 





Armstrong’s many and diverse activities outside the fields of chemical research and 
teaching would require a full scale biography for adequate description and appreciation. 
Here they can be no more than touched upon. His intense interest in agriculture found 
expression in his long connection with Rothamsted, where he represented the Chemical 
Society on the Lawes Agricultural Trust Committee from its inception in 1889, becoming 
vice-chairman in 1918 and chairman in 1937, shortly before his death. He was responsible 
for inducing the Indian Government to start a Research Institute for studying indigo 
cultivation in India in 1915, believing firmly that under scientific control the natural 
product could compete with the synthetic with immense benefit to Indian agriculture. 
Unfortunately the experiment, which was producing results, collapsed under the economy 
axe in 1923. His experiences in India and elsewhere made him an enthusiastic advocate 
of the methods preached by Sir Albert Howard for utilising vegetable and animal refuse for 
enriching the soil. Pasteurisation of milk was a subject on which he held strong views, 
believing the practice to be wrong in principle ; the tuberculous cattle should be eliminated. 
His friends will all remember his strong support of the British dyestuff industry and his 
very personal method of showing his enthusiasm by appearing at evening functions, at 
home and abroad, in a brightly dyed waistcoat. The waistcoat of Caledon Jade Green was 
perhaps the most becoming of his collection, although the one of indigo-blue with thioindigo- 
red facings was the most striking. At the Faraday centenary exhibition at the Albert Ffall 
in 1931 he organised, on chemical lines, a wonderful exhibition of dyed fabrics and pigments. 
This exhibition was subsequently shown at a Friday evening lecture at the Royal Institution. 

He had his vision of a Utopia in which the science of chemistry came into its own. 
He gave expression to his shape of things to come in an address ‘‘ As it should be to- 
morrow ” to the Frankland Lancastrian Society, June 18th, 1935. Since by eating we 
tive, there should be intensive research on the influence of food on growth, both of plants 
and animals; particularly the influence of soil factors and fertilisers on the growth of 
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plants must be studied. Correct feeding he believed to be the true basis of health, and 
the chemist must discover what correct feeding is. At the end of seventy years of study 
he says ‘‘ Chemistry is, after all, the science of life—as such, very difficult.”” In national 
affairs he saw the need of controlling man’s actions against his most deeply ingrained 
instinct—the sin of covetousness, the mainspring of all commerce. Against the un- 
controlled waste of industrialism, especially in our use of coal, he cried out again and 
again in speeches and in letters to the press. Above all he wanted to see organised planning 
by enlightened leaders, and deplored ignorance in high places of the findings of science 
and the importance of these discoveries in the lives of the people. He desired to see 
scientific men take their place as leaders in public affairs. 

Of his work for the Chemical Society mention has already been made. His address in 
1894 on the affairs of the Society is worth reading again for the picture he gives of what 
were and should be the scope of the chemist’s activities. Much of what he foresaw has 
come true. Even at that time he advocated joint publications with other societies, a 
course to which we are now being driven. He warned the Universities and chemical 
manufacturers of the dangers of neglecting chemistry, fearing that our awakening would 
come too late and that America would go ahead of us as a chemical manufacturing country. 
This last prophecy is being fulfilled before our eyes. He recommended the examination 
and exploitation of the natural products of India and the Colonies, a matter in which we 
still lag behind. The whole address is still apposite; Armstrong’s writings, like Shake- 
speare’s, do not get out of date, because he dealt with fundamentals, not with superficialities. 

Having lived through such stirring times in the growth of science, and known so many 
of the leading scientists of his time, Armstrong was specially fitted in later years to recall 
to the younger generation the history of his beloved science. This he did in many addresses, 
memorial lectures, biographies and lighter essays. This phase of his activity was fore- 
shadowed in his Hofmann Memorial Lecture (J., 1896, 69, 637), which is a masterly sum- 
mary and appreciation of the work of the great German chemist. Armstrong’s writings on 
the famous chemists of his time are not only first-rate history from the pen of a contem- 
porary; they are vivid and exciting in style, penetrating in their analysis of character and 
achievement, whilst reflecting throughout the qualities and ideals of the writer. Collected 
and reprinted as a volume, they would form a valuable addition to the history of chemistry. 

Armstrong was the recipient of many honours. These included the LL.D. of St. 
Andrews; the D.Sc. of Melbourne and Madrid; the Davy medal of the Royal Society, the 
Albert medal of the Royal Society of Arts; the Messel medal of the Society of Chemical 
Industry and the Horace Brown medal of the Institute of Brewing. 

To those who were privileged to know him intimately Armstrong was a man of great 
charm and a warm personal friend. He never forgot or neglected responsive students ; 
he placed them in suitable posts and was always ready to help them on their way through 
life. Generally they well repaid his trouble. Many rose to high positions in industry, 
others in the academic world. He had much artistic taste, especially for pictures and 
pottery. He loved music, especially the opera, and although he admired Wagner and 
heard the “‘ Ring” whenever possible, he could appreciate the simpler melody of Mozart. 
He cultivated his garden and was fascinated by the colours of flowers. For holidays he 
chose the Lake district, being faithful to his early love of Borrowdale. Here he had parties 
in spring and autumn, generally inviting one or two of his senior students or staff to join 
him and his family. The simple pleasure of leading an expedition up Sca Fell Pike or 
Great Gable gave him the greatest satisfaction. Mrs. Armstrong shared her husband’s 
interest in his students and rivalled him in her wonderful memory, even in extreme old age, 
of everything concerning them. 

Armstrong married on August 30th, 1877, Frances Louisa Lavers and had seven children, 
four boys and three girls, all of whom are still living. He and his wife celebrated their 
golden wedding in 1927, and Mrs. Armstrong died shortly before her husband in her 93rd 
year. Her fidelity and sympathy to her busy, and probably sometimes difficult, husband 
during that long period were gifts which he frequently acknowledged with deep gratitude. 

A brilliant portrait of Armstrong was painted in 1927 by T. C. Dugdale, R.A., and 
was exhibited at the Royal Academy. It was purchased by Armstrong’s past students 
and staff and was presented to Professor and Mrs. Armstrong on the occasion of their 
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golden wedding. The portrait, which shows the Professor in a characteristic attitude 
holding one of the atomic models with which he was speculating at the time, is repro- 
duced in this issue of the Journal. After his death it went to the Royal Institution, 
a worthy place, but one feels it would be more at home in the rooms of the Chemical Society. 
For Armstrong was, first and last, a chemist. ‘‘ Chemistry,” he wrote, “ is an art as much mn 
as a science, and the chemist is full of feeling which cannot be quantified.’’ He himself was f 
full of this feeling of which he wrote, and his great services to chemistry cannot be 
weighed and measured. His mission in life was to serve the advancement of the science of 

chemistry and its application to social well-being in the widest sense. He carried on his 

mission to the end with the fervour of a prophet, and his name will not be forgotten. 
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Some apology is necessary for the late appearance of this obituary notice. The delay 
is due in part to the illness and death in October, 1939, of Sir William Pope, who had 
undertaken to write the notice, and later to the conditions caused by the war. The present 
author gratefully acknowledges his indebtedness to Dr. J. E. Driver, who kindly put at ‘ 
his disposal the notes on Professor Armstrong’s work which he had collected for Sir William 
Pope, and to Dr. E. F. Armstrong for reading and checking the manuscript. 

E. H. Ropp. " 





ALFRED BERTHOUD. 
1874—1939. 


It has been our privilege to attend the courses of Professor Berthoud and to collaborate in 
some of his work, and we highly appreciate the honour of preparing a memoir of our master, 
whose character as a man was as impressive as his scholarship. , 
To his friend and colleague, Professor Briner, we owe a moving tribute published in the i 
Helvetica Chimica Acta, in which the nature of his work is pertinently discussed. The 
following passage is quoted from this article: ‘‘ His work is the result of the endeavour to 
attach all observed phenomena to laws and principles whose scope and limits of validity 
have been the object of serious critical examination. Thus the problem is everywhere 
raised to a higher plane and often, as, for example, with his studies of thermodynamics, 
reaches the heights of philosophy, although never at the expense of scientific strictness.” 
At a time when attempts to explain the physical world tended to lead to harmonious 
syntheses that were often questionable, Alfred Berthoud remained true to the principles of , 
the school to which he owed his training, that of Ph. Guye and P. Duhem, and the strict 
reasoning implied by his perfect knowledge of thermodynamics led him to mistrust in- 
stinctively even the most attractive of generalisations. This extreme prudence was to 
leave a deep impression on his work and form a firm, though not intransigent, moral attitude. 
His career was entirely spent in the little university town of Neuchatel whence he came. 
He studied at the Academy of Neuchatel, which was later raised to the rank of University. 
In 1897 the University of Geneva awarded him the degree of Doctor of Science on his 
presenting a thesis entitled “‘ Recherches sur l’action de l’isocyanate de phényle avec les 
thioamides,’’ which he had prepared under the supervision of Professor O. Billeter of 
Neuchatel. From 1898 onwards he occupied several posts in secondary schools, where his 
qualities as teacher and organiser were highly appreciated. In 1908 he was appointed to iE 
the recently founded Chair of Physical Chemistry and continued his duties as a school- | 
master in conjunction with his university work, until in 1925 he succeeded Professor Billeter 
as Professor of Inorganic Chemistry and Analytical Chemistry. But his love of work and ‘ 
enthusiasm for scientific research, which were his predominant characteristics, did not allow 
him to limit his activities to teaching, absorbing as it was. His research work was com- a 
paratively extensive, and his contributions to scientific theory particularly important, . 
which is all the more remarkable when it is considered how modest were the material means t 
at his disposal, and how limited was the number of his collaborators. His publications had a 
quickly brought him to the notice of scientific circles and he was everywhere considered an 
authority on physical chemistry and especially photochemistry. He was therefore often i 
invited as lecturer and reporter to the Société helvétique des Sciences naturelles, the Institut 
international de Chimie Solvay and the Faraday Society. 
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In spite of his isolation in such a modest centre of scientific activity as Neuchatel, and 
notwithstanding his indifference to official distinctions, he had become an honorary member 
of several learned societies, an honorary Doctor of the University of Lausanne, and, in 1938, 
President of the Swiss Chemical Society. He carried on a distinguished activity in this 
capacity until the time of his death. 

Berthoud’s work was chiefly in connection with chemical thermodynamics, kinetics and 
photochemistry. One of the problems to which he gave most attention was the elaboration 
of a general theory explaining the mechanism of chemical reactions and the influence of 
temperature on their velocity. In a series of memoirs entitled: “‘ Théorie cinétique des 
gaz et thermodynamique,” “‘ Démonstration par la méthode statistique de la loi de Maxwell 
généralisée, ’’ and “ Théorie de l’influence de la température sur la vitesse des réactions 
chimiques,’ which date from the beginning of his career, he suggested an original solution 
to the problem of the interpretation of the empirical formula of Arrhenius. He opened upa 
new method, which was followed in particular by Marcelin and Rice. The notions of 
“‘ critical energy and increment,” which Berthoud was the first to explain precisely by 
deduction from purely thermodynamic and statistical considerations, are now accepted and 
expounded in all classical treatises of physical chemistry. 

It was, however, principally through his work in connection with photochemistry that 
this scholar was to distinguish himself and to attain a reputation in foreign scientific circles. 
Apart from his treatise of photochemistry, published in 1928, which contains a statement of 
our entire knowledge of the subject and occupies a place of honour in the libraries of the 
great English universities, the Professor, assisted by his students, created a considerable 
body of experimental material. The mechanism of a large number of photochemical 
reactions in the liquid phase, produced by halogens, was explained, and the fundamental 
laws of photochemistry, those of Grotthus—Draper and the law of equivalence formulated by 
Einstein, were subjected to a strict critical examination. Space forbids a discussion of the 
results obtained, but we may recall that the mechanisms suggested by Berthoud for the 
phenomena of optic sensitisation and the transposition of geometrical isomers are uni- 
versally accepted. The report presented to the third Council of the Institut international 
de Chimie Solvay at Brussels, on the problem of photochemical sensitisation, is a monument 
to his mastery of the subject. 

We also owe to Professor Berthoud important didactic works. His scientific culture 
was extended to every sphere of theoretical chemistry and enabled him to write a volume on 
the constitution of matter and the atom, which went through two editions and has been 
translated into English. Without producing the ordinary simplification for the layman, 
Berthoud succeeded in explaining to a wide educated public the recent results of scientific 
research in relation to a problem whose solution has always been regarded as one of the 
essential aims of physical science and which can leave no one indifferent to-day. Finally, 
in 1938, a short time before the beginning of his fatal illness, Berthoud published his fine 
treatise of physical chemistry, a volume of some 500 pages, in which he adequately expounded, 
in the light of the most recent discoveries, our entire knowledge of this science, which is 
now in full process of development. 

This article in memory of our master cannot be more aptly concluded than by the 
following quotation of the last few words of Professor Briner’s article mentioned above : 
“ This work was thus his supreme homage to physical chemistry. It is indeed an act of 
homage, the finest one can perform for any science, to devote to it a work capable of 
stimulating, initiating and training for its service, a chosen body of disciples. Professor 
Berthoud was one of these in the domain of physical chemistry, and of exemplary rank. 
He loved it dearly, and to it he devoted his whole life as a scholar.” W. E. BERGER. 





OLIVER GATTY. 


1907—1940. 


OLIVER GatTTy died on June 5th, 1940, as the result of an accident while he was engaged 
on research in the service of his country. Few men are fortunate enough to combine 
great and wide-ranging intellectual power with athletic talent; in Gatty’s case these gifts 
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were coupled with an almost overwhelming modesty and great personal charm. To all 
who knew him, he will remain a most memorable man. 

Gatty was born on November 5th, 1907, the elder son of the late Sir Stephen Gatty, 
Chief Justice of Gibraltar, and of Lady Gatty. He went up to Balliol College, Oxford, 
in October, 1926, from Winchester. As an undergraduate he enjoyed the distinction of 
playing for his college at rugger, soccer, cricket and squash rackets as well as being President 
of the Junior Common Room. He got a First in chemistry in 1930 and after a year as a 
lecturer became a Tutorial Fellow of the college in 1931. His interests were clearly in 
research rather than teaching, and after two years he resigned his fellowship to work for’ 
a time at Rothamsted. From there he went to work at Cambridge with Professor James 
Gray and more recently with Professor Rideal. In 1939 he married Penelope Noel Tower. 

Gatty’s first paper was on the dielectric constant of conducting media. After a short 
period of work on the thermochemistry of electrolytes he turned to electrocapillarity, 
a subject which had a great fascination for him and on which he published a series of papers, 
largely with J. St. L. Philpot, S. R. Craxford (who had been his contemporaries at Balliol), 
and E. C. R. Spooner. His interest in electrically charged surfaces led—almost in- 
evitably in one with Gatty’s imagination—to studies in the réle played by such surfaces 
in biological phenomena. His later work was more and more concerned with biophysics, 
in which, but for his tragic end, he might well have made most valuable contributions. 

Gatty had many interests outside his work. In 1932 he attended the Ottawa Confer- 
ence as secretary to Mr. Amery, and in 1933 he joined an expedition to Spitzbergen. For 
a time he made a patient and critical study of a variety of allegedly supernatural 
manifestations. By his death science has lost an investigator of great imagination and 
unquenchable curiosity; many of us have lost a gay, generous, and loyal friend. 

Gatty was elected a Fellow of the Society in May, 1933. 3. Me: We 





PERCY GEORGE MANDER. 
1881—1940. 


WiTH the death, at Leeds Infirmary on July 15th, 1940, of Percy George Mander, Doncaster 
Grammar School mourns the loss of one of its best known personalities and a devoted 
servant. 

Mander was born in Coventry on August 20th, 1881, and was educated at Bablake 
School, Coventry. The years 1897—1901 were spent at Mason University College, Birming- 
ham, and the Royal College of Science, London, where he graduated B.Sc. (Lond.) with 
first class honours in chemistry, and A.R.C.S. At the same time he prepared himself for a 
teaching career and became an Associate Member of the College of Preceptors. He was an’ 
Associate of the Institute of Chemistry, and was elected a Fellow of the Chemical Society 
in February, 1903. 

In 1901 he was appointed science master at Ashby-de-la-Zouch Grammar School, 
whence he proceeded to Doncaster in 1907, and remained there until his death. 

During the Great War he served in France as a Captain in the 4th Duke of Wellington’s 
West Riding Regiment. He was invalided home after the Battle of Ypres in 1915, but 
returned to France shortly afterwards and was severely wounded on the Somme in 1916. 
After a long period in hospital he was posted to the Ministry of Munitions, where he carried 
out some important research work in collaboration with the late Professor T. M. Lowry. 
After demobilisation he returned to Doncaster to resume his duties as Senior Science Master. 

During the course of his thirty-three years association with the Grammar School 
Mander entered wholeheartedly and enthusiastically into every branch of activity. A 
man of wide culture and charming personality, his largeness of heart, breadth of know- 
ledge, and many interests endeared him to his colleagues and the boys. A keen appreciation 
of Nature was a salient feature of his character. He was quick to distinguish between the 
fundamental and the ancillary, and this found expression in his brilliant notions for demon- 
strating some experiment with the simplest of home-made apparatus of the cheapest kind. 
He was a keen advocate of the experimental in school science and viewed both ready- 
made apparatus and text-books with mild suspicion. The pity of it that a complete record 
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of his many ideas was not compiled by him! but there are hundreds of Old Danensians who 
hold him in gratitude for the stimulus he gave them. As Second Master and Housemaster 
he fostered the cheer in place of the jeer in whatever activity was afoot. 

In his younger days Mander was an all-round athlete and played an excellent game of 
“ rugger,” hockey, tennis, and cricket. As a “ three-quarter’’ for Coventry R.U.F.C. 
he was a keen exponent of the art of the oval ball. His war wounds curtailed his athletic 
activities and his chief hobby became photography. His many interests included the study 
of bird life, field botany, and local architecture, and to these he brought originality of 
outlook which made him delightful company. Genial, friendly, kind and courteous, he 
compelled affection and regard. 

He was a Mark Mason and Past Master. 

His death will be mourned by a wide circle of friends, and their sympathy will be 
extended to his widow and two daughters. 

IDWAL G. JONEs. 





FRANK THOMAS SHUTT. 
1859—1940. 


Tue death of Frank Thomas Shutt on January 5th, 1940, at the age of 80 years, marked the 
end of a notable career in agricultural chemistry. Born in Stoke Newington, London, 
England, on September 15th, 1859, a son of William Denis Shutt, C.E., and Charlotte 
Cawthorne Shutt, he came to Canada as a boy and graduated from the University of 
Toronto, B.A. (1885), with first class honours in chemistry, and M.A. Toronto, 1886. In 
1914 his Alma Mater awarded him the degree D.Sc. (honoris causa). He was appointed in 
1887 chemist to the Dominion Experimental Farms System with headquarters at Ottawa. 
In 1912 he was given the title of Dominion Chemist and was appointed Assistant Director 
of Experimental Farms and served in this dual capacity until his retirement under super- 
annuation in September, 1933. 

Following his appointment to the Experimental Farms System in 1888, Shutt visited 
Rothamsted, England, and other stations, including that of Bernberg, Germany. At 
Rothamsted he became acquainted with Sir John Bennet Lawes and Sir Joseph Henry 
Gilbert. He was also a friend of Sir Daniel Hall and Sir John Russell. He received lasting 
inspiration from his early contacts and became especially interested in the value of legumes 
as fertilising agents. He was the first in Canada to establish on a firm scientific basis the 
manurial value of clover and legumes in general and to distribute this valuable information 
to Canadian farmers. His investigations have gone far towards establishing a judicious and 
rational use of fertilisers. His pioneer experiments relative to the cause and prevention of 
“ softness” in pork and bacon have been of great value to the live stock industry. His 
investigations of the qualities of Canadian grown wheat were extensive and had much to do 
with the permanent establishment of Marquis wheat. His publications contain a wealth of 
excellent material regarding plant food and soil fertility, farm manures, green manuring, 
artificial manures, fertiliser formule and the fertiliser needs of various crops. He was a 
prolific writer of articles, reports, bulletins and official and scientific documents of extreme 
clarity and pureness of diction and contributed nearly forty articles to the Transactions 
of the Royal Society of Canada and many important papers to home and foreign journals, 

Shutt’s achievements have received recognition. In 1935 His Majesty appointed him a 
Commander of the Most Excellent Order of the British Empire. In the same year the 
Royal Society of Canada awarded him the Sir Joseph Flavelle medal. He was also awarded 
the prize of The American Society of Agronomy for outstanding research. 

Shutt was a Fellow of the Chemical Society since 1886, of the Institute of Chemistry of 
Great Britain and Ireland, of the Canadian Institute of Chemistry, of the Royal Society of 
Canada. He was a member of the Society of Chemical Industry, the American Chemical 
Society, the Society of Public Analysts and an original member of the American Association 
of Official Agricultural Chemists. 

C. H. Rosinson. 
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267. Sarcostin. Part I. A Preliminary Study of its Behaviour 
with Reagents. 


By Joun W. CorNFORTH and J. CAMPBELL EARL. 


Sarcostin is shown to contain a double bond, a CH(OH)-CH, side chain, and 
two glycol groups open to attack by lead tetra-acetate. A number of unidentified 
crystalline products have also been isolated and some of these open the way to further 
study of the structure of the sarcostin molecule. Among the oxidation products 
is an acidic substance, C,H,O,, which is probably 2-methyl-1 : 3-cyclopentanedione, 
since it is easily oxidised further to succinic acid. 


THE crystalline sapogenin, sarcostin, derived from the saponin of Sarcostemma australe, 
R.Br., has the composition C,,H,,0, (J., 1939, 737). Itis sensitive towards acidic reagents. 
With cold concentrated hydrochloric acid it shows a characteristic colour change through 
red to violet-blue and yields an amorphous product of the probable composition C,,H,,03. 
For the degradative oxidation of sarcostin, lead tetra-acetate was selected as a suitable 
reagent: one molecular proportion was used very rapidly, a second less rapidly, and 
oxidation then continued slowly until 3—4 molecular proportions had been used. The 
products isolated were: (a) acetaldehyde, (5) a neutral product, C,,H,,0,, m. p. 186—187°, 
(c) succinic acid, (d) another acidic substance, C,H,O,, m. p. 210°, probably 2-methyl- 
1 : 3-cyclopentanedione, and (e) a quantity of non-crystalline material. 

Sarcostin triacetate uses only one molecular proportion of lead tetra-acetate and yields 
as principal product a crystalline substance, C,,H,,0;,, having ketonic properties. It can 
be oxidised further with potassium permanganate to a substance, C.,H,,0, or C,9H,0;. 
Benzoyl cinnamoyl sarcostin, the aglucone derived from the saponin by careful acid 
hydrolysis, behaves similarly with lead tetra-acetate, one molecular proportion only being 
used. 

Hydrogenation of sarcostin in the presence of the Adams catalyst leads to dihydro- 
sarcostin, C,,H,,0,. Oxidation of dihydrosarcostin with lead tetra-acetate uses a little 
over two molecular proportions of the reagent and gives (a) acetaldehyde, (5) a neutral 
product, CygH,,0;, m. p. 194—195°, and (c) 2-methyl-l : 3-cyclopentanedione in much 
larger yield than from sarcostin itself. Dihydrosarcostin, like sarcostin, yields a triacetate. 

Dehydrogenation of sarcostin with selenium gave a product which seemed to be Diels’ 
hydrocarbon, but the quantity of material so far available has been insufficient for a positive 
identification to be made. Sarcostin condenses with acetone, the product being derived, 
apparently, from two molecules of sarcostin and one of acetone. 

The experimental evidence so far accumulated is not sufficient for a complete deter- 
mination of the molecular structure of sarcostin. Certain features of the structure have, 
however, been definitely established. The production of acetaldehyde during the oxidation 
of sarcostin and dihydrosarcostin indicates the presence of a CH(OH)-CH, side chain. 
The fact that acetaldehyde is liberated during the early stages of the operation points to 
a 1:2 glycol structure, of which the secondary alcohol group of the side chain forms a 
part. The consumption of one molecule only of the oxidising agent when sarcostin 
triacetate is oxidised and the non-production of acetaldehyde in that case indicates that 
another glycol structure in the molecule is open to attack. The product of this oxidation 
is a neutral ketonic substance containing the same number of carbon atoms as sarcostin 
triacetate itself. A rational explanation of its formation is that both the hydroxyls forming 
the glycol group attacked are tertiary and have not been acetylated during the formation 
of sarcostin triacetate. 

Apart from the rather slender dehydrogenation evidence, the fact that, when the side 
chain of sarcostin is removed, the remaining structure contains-nineteen carbon atoms 
points to the skeleton of the molecule as a hydrogenated” cyclopentenophenanthrene 
structure with two angular methyl groups. The composition C,,H,4O,, the absence of 
carbonyl, carboxyl and lactone groups, and the presence’of one double bond are all in 
agreement with a molecular structure containing four rings. The identification of 2- 
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methyl-1 : 3-cyclopentanedione as an oxidation product indicates the distribution of groups 
H about the five-membered ring as in the annexed formula. 
H,C ¢-CH(OH)CH So far no product has been obtained from sarcostin which 
3 3 can be identified with any known sterol degradation product. 
Another relevant fact which must not be lost sight of is the 
close association of the saponin in the plant with the two 
amyrins (J. Council Sci. Ind. Res. Aust., 1937, 10, 1), which 
would lead to the expectation that the saponin would be of the 
triterpene class. 

The progress of the investigation is reported at the present stage because it is tem- 
porarily interrupted by a shortage of material and the departure of one of the authors 
(J. W. C.) from Australia. 

EXPERIMENTAL. 


Action of Cold Concentrated Hydrochloric Acid on Sarcostin.—Sarcostin hydrate (2 g.), 
shaken with concentrated hydrochloric acid (40 ml.) at room temperature, dissolved rapidly 
to a red solution, which within 15 minutes became deep violet-blue. After 14 hours the solution 
was placed in the ice-chest overnight and then poured into water. The precipitated solid 
was collected, dried, and extracted repeatedly with boiling ether until it was nearly completely 
dissolved. The ethereal solution, which showed a strong green fluorescence, was concentrated 
to 100 ml., decanted after 2 days from a small amount of dark resin, and evaporated to dryness. 
The product, after drying at 100°, was a yellowish-brown brittle resin (Found: C, 76-2; H, 
8-2. Calc. for C,,H,,0,: C, 76-8; H, 85%). It was not found possible to purify the product 
further. 

Oxidation of Sarcostin by Lead Tetva-acetate.—Quantitative study. Sarcostin hydrate (0-1134 
g.) was dissolved in purified glacial acetic acid (5 ml.) at 22°, and n/10-lead tetra-acetate (25 
ml.) added. From time to time 2 ml. portions were run into sodium acetate—potassium iodide 
solution (Criegee, Ber., 1931, 64, 265), and the liberated iodine titrated with n/20-sodium thio- 
sulphate. A parallel experiment with 0-1068 g. of sarcostin hydrate was also carried out. The 
results are tabulated below. 


Expt. I. Time, mins. ............ 2 15 30 45 63 76 196 329 1181 
Pb(OAc),, mols. ...... 033 1-44 1:89 2-06 2-07 2-09 2-62 2-75 3-53 
Expt. II. Time, mins. ............ 2 8 13 18 23 28 48 78 138 
Pb(OAc),, mols. ...... 0-18 0-76 1:18 1:50 163 1:72 1:97 2-01 2-53 


Products of the oxidation. Several experiments were made. In general, sarcostin hydrate 
was dissolved in 10—100 times its weight of glacial acetic acid, treated with 2—3 mols. of lead 
tetra-acetate, and kept until the oxidising agent had been completely used. Acetaldehyde, 
a product of the reaction, was removed by passing carbon dioxide through the mixture and 
identified in the form of the p-nitrophenylhydrazone, m. p. and mixed m. p. 128—129°. 

For the isolation of the other products, the reaction mixture was concentrated to small 
bulk at 40—50° under reduced pressure, poured into water, and filtered from the slight precipitate 
formed. Three products were then isolated. 

(a) Neutral product, m. p. 186—187°. The solution was nearly neutralised with alkali, and 
extracted with ether in a continuous extractor. The ethereal solution was.washed with dilute 
sodium carbonate solution and with water, dried over sodium sulphate, and evaporated to a 
syrup.- On rubbing with acetone a crystalline product was obtained, which on recrystallisation 
from acetone formed flattened needles containing solvent of crystallisation. On heating, 
effervescence took place at 135—140°, after which the product resolidified and finally melted 
at 186—187°. The yield was 12 mg. from 1-5 g. of sarcostin hydrate. For analysis it was 
dried at 100° over phosphoric oxide under reduced pressure (Found : C, 65-8; H, 8-1. C,,H;,0, 
requires C, 66-3; H, 8-4%). 

(b) Succinic acid. The aqueous solution from which the neutral products had been removed 
with ether was made acid to Congo-red and again extracted continuously with ether. The 
crystalline solid which separated from the ethereal solution during the extraction was recrys- 
tallised from ethyl acetate; it melted at 183—184° and was identified as succinic acid by com- 
parison with authentic material. The yield was only 5 mg. from 1 g. of sarcostin hydrate, but 

. oxidation of the neutralised aqueous solution, after extraction of the neutral products, with 
cold 1% potassium permanganate solution gave much larger yields of succinic acid (40 mg. 
from 1 g. of sarcostin hydrate). 
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(c) Acidic substance, m. p. 210°. In one experiment, in which the aqueous solution from the 
oxidation was extracted with ether without alkali first being added, the extract on slow evapora- 
tion deposited a crystalline solid (1-2 mg. from 1-16 g. of sarcostin hydrate). This crystallised 
from acetone in colourless leaflets, m. p. 208—210°. It was identical with the acidic product 
obtained in larger quantities from the oxidation of dihydrosarcostin (g.v.). 

(d) Other products. In all the experiments the principal product of the oxidation was a 
yellow, neutral gum. 

Sarcostin Triacetate and its Oxidation with Lead Tetra-acetate.—Sarcostin triacetate was 
previously reported as amorphous. It is, however, possible to crystallise it in well-formed 
prisms, m. p. 190°, by allowing a concentrated alcoholic solution to evaporate slowly in the air. 

The oxidation of sarcostin triacetate (0-1288 g.) by lead tetra-acetate was studied quanti- 
tatively by the method already described. At the same time some of the aglucone (0-1386 g.) 
was oxidised similarly. 


Acetate. Time, mins. ............... 50 120 180 235 
Pb(OAc),, mols. 0-95 1:00 104 1-08 

Aglucone. Time, mins. 40 72 120 180 1250 
Pog ee ae Se en 0-52 O73 O77 «+080 089 0-99 099 0-99 


On a larger scale the oxidation was carried out in benzene solution. A solution of sarcostin 
triacetate (7 g.) in benzene (100 ml.) was stirred at room temperature, and lead tetra-acetate 
(6-1 g.; 1 mol.) added gradually. After 25 minutes the deposited lead acetate was filtered off 
and washed with benzene, the filtrate and washings being made up to 250 ml. with benzene. 
A 2 ml. portion of this solution required 2-18 ml. of n/10-sodium hydroxide for neutralisation 
(Calc. for 2 mols. of acetic acid, 2-20 ml.). Therefore no further acetylation had occurred during 
the oxidation. 

After evaporation of the benzene under reduced pressure, the residue was taken up in alcohol. 
On standing, colourless crystals (1-4 g.) were deposited; a further quantity was obtained on 
concentrating the mother-liquor. On recrystallisation from alcohol the product (A) formed 
characteristic colourless prisms containing solvent of crystallisation. It melted at 90—110°, 
resolidified, and again melted at 164—165°. For analysis the substance was dried over phos- 
phoric oxide at 100° under reduced pressure (Found: C, 61-7; H, 7-4; M, ebullioscopic in 
alcohol, 493. C,,H,O,,. requires C, 61-8; H, 7-6%; M, 524). 

Properties and Reactions of Product A.—The substance was unchanged by acetic anhydride 
in pyridine. It absorbed some hydrogen in the presence of the Adams catalyst, but no crys- 
talline product could be isolated. Slow reaction occurred with Brady’s reagent, an amorphous 
precipitate being formed. With boiling alcoholic alkali a deep red colour gradually developed ; 
an amorphous precipitate was formed on acidification. With semicarbazide hydrochloride 
(165 mg.) and sodium acetate (165 mg.) in aqueous alcoholic solution, product A (150 mg.) 
gave, after boiling for 24 hours, a crystalline semicarbazone, which formed rhombic plates 
(15 mg.), m. p. 150—170° (decomp.), from alcohol (Found: C, 56-8; H, 80; N, 98. 
C,,H,,0,)N, requires C, 57-8; H, 7-5; N, 7-2%). It is apparent from the analytical figures 
that the product was not the pure monosemicarbazone, but the quantity available was 
insufficient for exhaustive purification. , 

Further Oxidation of Product A.—A solution of the substance (507 mg.) in benzene (10 ml.) 
was shaken with successive portions of cold 1% potassium permanganate solution (80 ml. in all) 
until decolorisation became slow. After filtration, the residue was extracted with water, 
and the solution acidified. A rancid-smelling, ether-soluble, acid material was obtained from 
which no crystalline product could be isolated. The residue was now extracted with hot alcohol, 
a crystalline substance (5 mg.) being obtained, m. p. 161—162°, depressed to 147° by product A 
(Found for material dried at 100° under reduced pressure: C, 67-4; H, 9-1. C,3H;,0, requires 
C, 67-6; H, 8-8%. Cy, ,H,,O, requires C, 67-5; H, 8-8%). 

Hydrogenation of Sarcostin.—A solution of sarcostin hydrate (2 g.) in glacial acetic acid 
(20 ml.) was shaken with platinum oxide (0-24 g.) in hydrogen (1 atm.); after 6 hours, 1 mol. 
was absorbed and reaction ceased. The solution was filtered, concentrated under reduced 
pressure, and poured into water. The precipitate, crystallised three times from alcohol-ethyl 
acetate, formed prisms, m. p. 245—246° (Found: C, 65-5; H, 9-7. C,,H,,O, requires C, 
65-6; H, 9-4%). A further quantity of the material was recovered by continuous extraction 
of the aqueous filtrate with ether, the total yield being practically quantitative. Dihydro- 
sarcostin gave a dull green colour with cold concentrated hydrochloric acid, and in the Lieber- 
mann reaction gave a yellow colour changing rapidly to green. 
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Dihydrosarcostin Triacetate——Dihydrosarcostin (0-7. g.) was dissolved in pyridine (7 ml.), 
and acetic anhydride (1-5 g.) added. After 3 days the liquid was evaporated under reduced 
pressure, and the residue crystallised three times from hot alcohol. The product (0-25 g.) 
melted at 246—247° (Found: C, 63-1; H, 7-8; OAc, 343. C,,H,,0O, requires C, 63-5; 
H, 8-2; 30Ac, 34-7%). 

Oxidation of Dihydrosarcostin and its Acetate —The oxidation was carried out quantitatively 
with lead tetra-acetate in the usual way. 
Se ae (40-2 mg.). : 
20 31 46 63 117 189 §=1281 
ols. . 0-61 O78 0-94 095 121 151 2-28 

acetate (39: 5 mg. ). 
5 32 70 285 


Pb(OAc)g, MOIS. c.cccccccccceeee =—CO68:CODCaD 


For the isolation of the oxidation products, dihydrosarcostin (0-5 g.) was dissolved in glacial 
acetic acid (50 ml.), and lead tetra-acetate (1-1 g.; 2 mols.) added. After standing overnight, 
a 5 ml. portion of the solution was withdrawn, diluted with water, and distilled into p-nitro- 
phenylhydrazine sulphate solution; acetaldehyde-p-nitrophenylhydrazone separated and was 
identified by comparison with an authentic specimen. The bulk of the reaction mixture was 
evaporated under reduced pressure, and the residue mixed with water. After 2 hours at 0° the 
crystalline material (150 mg.) was filtered off and recrystallised from water containing a little 
alcohol. The crystalline substance (B) contained water of crystallisation, which was expelled 
with effervescence at 110—115°, the anhydrous substance melting at 194—195° (Found: C, 
67:8; H, 8-0; M, ebullioscopic in alcohol, 363. C,,H,,0, requires C, 67-9; H, 83%; M 
336). 

The product showed no aldehydic reactions and could not be hydrogenated in the presence 
of the Adams catalyst (PtO,). It was not further oxidised by lead tetra-acetate at room 
temperature. 

The filtrate from product B was neutralised and extracted with ether, some gummy material 
being removed. It was then acidified with hydrochloric acid and extracted continuously with 
ether. A crystalline acidic substance (50 mg.) was obtained, which after recrystallisation from 
water melted at 210° and sublimed on prolonged heating at 200°. Its aqueous solution gave a 
violet colour with ferric chloride and decolorised permanganate in the cold (Found for material 
crystallised from. water: C, 63-5; H, 7-3. Found for sublimed material: C, 63-5; H, 7:1; 
equiv., by titration, 112; M, by Barger’s method in methanol solution, 112, 118. C,H,O, 
requires C, 64:3; -H, 7-1%; equiv.and M, 112). The substance resembles in properties Eskola’s 
2-phenyl-1 : 3-cyclopentanedione (Chem. Absir., 1938, 32, 3359), which is acidic and gives colours 
with ferric chloride. .The analytical figures and general properties indicate that the substance 
is probably 2-methyl-1 : 3-cyclopentanedione, and confirmation was obtained by its oxidation 
to succinic acid by potassium permanganate. 6 Mg. were dissolved in 25 ml. of water, and 
a solution of 17 mg. of potassium permanganate in § ml. of water added. The resulting solution, 
which was only faintly pink, was boiled for a few minutes with a little carbon, filtered, and 
evaporated to dryness. The residue was treated with a few drops of hydrochloric acid and 
again evaporated. The solid material was extracted with ether and after evaporation of the 
ether a semi-crystalline syrup (4 mg.) remained. After pressing on a porous tile the crystalline 
portion melted at 182°, and when mixed with pure succinic acid at 1845°. The rest of the 
material was mixed with ammonia, evaporated to dryness, and heated strongly; evidence of 
pyrrole formation was then obtained by the pine splinter reaction, confirming the identification 
of the substance as succinic acid. 

Dihydrosarcostin acetate on oxidation gave a product which could not be crystallised, but 
which, like the corresponding product (A) from sarcostin acetate, gave a red colour on boiling 
with alcoholic alkali. 

Dehydrogenation of Sarcostin.—Sarcostin hydrate (3-6 g.) and selenium (5 g.) were intimately 
mixed and heated rapidly to 280—290°. After 15 minutes the temperature was raised to 
320—340° and maintained in that range for 20 hours except on two occasions when a rise to 
360° was allowed to take place. After cooling, the product was extracted (Soxhlet) with 
- ether. The oil remaining after removal of the solvent was distilled at 0-5 mm. pressure and 
collected between 160° and 170°. A trinitrobenzene complex was formed and recrystallised 
five times from alcohol, the m. p. then being 142° (the complex from the Diels hydrocarbon melts 
at 147°). Exhaystion of the material prevented further purification. 

Condensation of Sarcostin with Acetone.—Sarcostin hydrate (0-5 g.) was dissolved in purified 
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acetone (15 ml.) containing 0-9% of hydrogen chloride. After a day the mixture was neutralised 
to phenolphthalein by the addition of n/10-alkali and poured ‘into water. The product was 
extracted with ether and crystallised twice from benzene; it formed colourless needles, m. p. 
225—256° (Found: C, 66-6, 66-8, 66-8; H, 8-8, 8-8, 91. C,;H,,O,, requires C, 67:3; H, 
8:7%). When a benzene solution of the product was kept in contact with dilute sulphuric 
acid, large and perfectly formed crystals of sarcostin appeared gradually at the interface. 
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268. Dissociation Constants, Activation Energies, and Resonance. 
By H. O. Jenkins. 
In an important review of dissociation constants (Dippy, Chem. Reviews, 1939, 25, 
151), an appendix gives all the accurate data known for monocarboxylic acids, bases, 


and phenols. In the present paper an attempt is made to interpret those data, the 
concept of quantum-mechanical resonance being used. . 







MANY compounds exist for which a single valency bond structure does not adequately 
represent the properties; ¢.g., the usual formula for acetic acid does not account for its 
acid properties as compared with methyl alcohol (Pauling, Proc. Nat. Acad. Sci., 1932, 
18, 293). The development of quantum mechanics has.partly removed such difficulties 
by the introduction of the concept of resonance between molecular states, to each of which 
corresponds a valency-bond diagram with the electrons generally in closed localised pairs. 
Pauling’s method considers the molecule as a superposition of a number of canonical 
structures, the energy of the molecule being lower than that of any one structure as a result 
of the coupling interactions, and the fall in the energy (from an arbitrary non-equilibrium . 
position) being called the resonance energy of the molecule. 
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In this paper, although we use valency-bond diagrams we are really concerned with 
the stability of states, the relative values of the coefficients, and the number of terms which 
must be taken into account in the approximate wave equations for the molecules of certain 
organic acids and bases. For-data, dissociation constants and activation energies will be 
used. Heat data, internuclear distances, force constants, and: electric dipole moments 
in addition to dissociation constants have already been used successfully in this connection 
by Pauling (see “‘ The Nature of the Chemical Bond,” Cornell, 1939), Sutton, Brockway, ; 
and others. 4 

It is now well recognised that a rough relation of some sort exists between complexity 
of degeneracy, which we shall define in terms of the number of principal resonating struc- 
tures (m), and resonance energy relative to one canonical structure. It is, of course, realised 
that the less important structures, such as the Dewar benzene structures, each make their 7 
contribution to the state of the molecule, but to a first approximation we are justified in 4 
ignoring them. Hence, x will be taken as 2 for benzene, 3 for naphthalene, 4 for anthracene, y 
5 for chrysene and so on. Sidgwick (J., 1937, 694) gives a table of resonance energies ‘ 
derived from combustion data, and shows that for these four molecules, the resonance 
energy per ring is roughly constant; 4.¢., the energy increases regularly with ». Again, 

Lennard-Jones and Coulson (Trans. Faraday Soc., 1939, 35, 822) give the resonance energies 

relative to m double bonds for the first four members of the free-radical series Com + j.Hom 4.3, 

and inspection reveals the regular rise with ». In fact, for these free radicals linear relation ) 
exists between m and resonance energy. Now, since resonance energies are not ‘always 7 
available, we shall use the number of principal structures as a measure of the resonance 

energy and shall show that extremely simple relations exist between , or some function 

of m, and dissociation constants and activation energies. 

The Dissociation Constants of Acids.—Consider the series of acids, methyl alcohol, 
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acetic, phenylacetic, and diphenylacetic acid, of which the strengths (Dippy, Joc. cit.) are 
given below. The increase in strength when phenyl is introduced into a saturated aliphatic 


Acid. a , ‘ Acid. 


I oe ccen CHPh,-CO,H 
CH,°CO, H x " CPh, O,H 
CH,Ph-CO,H 


* Extrapolated. 


acid has generally been referred to an inductive effect (— J). Dippy (loc. cit., p. 178) 
states that the relative strengths of vinylacetic, phenylacetic, and diphenylacetic acids 
lead inevitably to the conclusion that the ethenyl and the phenyl group possess an intrinsic 
attraction for electrons. It is also said that dipole-moment measurements verify the 
existence of such an effect ; ¢.g., the dipole moment of ethyl bromide is 2-09 D. whereas that 
of vinyl bromide is only 1-48 p. 

Many years ago Sutton (Proc. Roy. Soc., 1931, 183, 668) ascribed the differences in the 
moments of phenyl and ¢ert.-butyl compounds, p,,. — p,)., to a mesomeric shift of electrons. 
Electron-diffraction investigations have, however, established the fact that chlorobenzene 
has a carbon-chlorine link of partial double-bond character, and doubtless vinyl bromide 
would show the same effect. It then follows that at least part of the reduction in moment 
(absolute value) as we proceed from, say, ¢ert.-butyl chloride to chlorobenzene is due to the 
shortening of the bond, which may amount to 0-1 a. This, however, involves the problem 
of the form and magnitude of du/dry. Now the dipole moments of toluene, diphenylmethane, 
and triphenylmethane are all near 0-5 Dp. (Trans. Faraday Soc., 1934, Table of Dipole 
Moments), indicating that the — I effect of phenyl groups is extremely small and certainly 
not sufficient to raise the dissociation constant of diphenylacetic acid to 11-55 x 10° 
from 1-75 x 10°, the value for acetic acid. (The sign of the dipole moment of toluene is 
not readily explained : the relative electronegativities of carbon and hydrogen would seem 
to require an electric moment in the opposite direction.) The quantum-mechanical 
method of approach, concentrating as it does on energy relationships, is much more fruitful. 
Just as acetic acid owes its strength over and above that of methyl alcohol to the super- 
position of completely degenerate eigen-functions, so the greater enhancement of strength 
in phenyl- and diphenyl-acetic acids must have its origin in the increase in resonance 
energy due to the greater number of canonical structures. For instance, in diphenylacetic 
acid, we can see that the undissociated molecule, though possessing considerable resonance 
energy, has components incompletely degenerate, and it ts possible that the symmetry 
of the ion permits complete resonance, between structures such as (I) and (II), their energy 


gS IS 
Na Saal : 
(L) CH-C<O YCH-C<G (IL) 


V &, 


difference being considerably less than the resonance energy. It must be confessed that 
no simple picture of the interaction can be given. A linear relation has been shown to 
‘exist between K and n for these compounds (H. O. Jenkins, Nature, 1940, 145, 149), and 
the equation to the line (in terms of 10-5) is 

. - K = — 1-63 + 1-63” 
or K = a(n — 1), where a = 1-63 
and in terms of free-energy changes 


— RTInK = — RT Ina — RT In (n — 1) 


This may mean that there is an extra decrease in free energy of 2-303RTlog (n — 1) because 
of the gain in resonance energy during ionisation, the unsymmetrical dissociated molecule 
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changing into the symmetrical configuration of the ion. If AE, is the change in resonance 
energy relative to the undissociated molecule, we have 

AE, = 1380 logy) K,/K, 
where K,, refers to acetic acid and K, to the substituted acetic acids, whence AE, = 0-68 
and 1-1 kg.-cals. for phenyl- and for diphenyl-acetic acids respectively. 

Extrapolation of the linear relation suggests a dissociation constant of 2-5 x 10 at 25° 
for triphenylacetic acid in water, but solubility difficulties have prevented its measurement. 
In these acids the component structures are all of equal stability, the coefficients in the 
approximate wave equation being equal, and it being necessary to take into account at 
least m terms. 

Another instance of the enhancement of the dissociation constant by resonance is 
afforded by tetrolic (K = 222-8 x 10-5) and phenylpropiolic acids (K = 590 x 10-5). The 
ratio K,/K, is 2-65, whereas the ratio of the strengths of phenylacetic and acetic acids is 
nearly the same, viz., 2-79. It is suggested that the same explanation holds good. The 
greater acidities found in these triple-single-bonded structures are probably due to resonance 
with charged double-double-bonded structures such as (III) and (IV). Also, because of 


+ - on + ~ 

(III.) cH, —t=c=c< 0" 4 SHS 0<6- (IV.) 
the Kekulé resonance in the benzene ring, any value given to m for tetrolic acid must be 
multiplied by 2 for phenylpropiolic acid. Similar explanations to the above account for 
the greater strength of vinylacetic (4-62 x 10-5) than of butyric acid (1-50 x 10°), of 
allylacetic (2:11 x 10-5) than of valeric acid, of benzoic (6-27 x 10-5) than of cyclohexane- 
carboxylic acid (1-34 x 10-5), and of phenylacetic (4-88 x 10-5) than of cyclohexylacetic 
acid (2-36 x 10°). The strengths of glycollic, methoxyacetic, and phenoxyacetic acids, 
viz., K x 105 = 15, 33-5, and 73-5, respectively, present an interesting problem : 
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F |GHaCOuH aging CH,CO,H 
} } 

si CH, C,H; 

1-5D. 08D. 


Dippy (loc. cit., p. 172) states that, contrary to expectation, methyl, when it displaces 
hydrogen of the hydroxyl group, causes an increase in acid strength. A definite weakening 
is anticipated on introduction of methyl, which is regarded as having a + I effect. This 
evidence for the polar effect of methyl came from the dipole moments of p-substifuted 
toluenes. It must, however, be recognised that the sign and magnitude of the bond 
moment depend on the relative electronegativities of the atoms concerned. Remembering 
this, the dissociation constants of glycollic and methoxyacetic acids need not cause any 
surprise since typ =-1-5 D. and poo = 0-8D., the more positive atom coming first. 
Simple vector analysis indicates that the dissociation constant of the methoxy-acid should 
be roughly twice that of glycollic acid. However, the strength of phenoxyacetic acid 
cannot be accounted for on the basis of inductive effects alone. Methoxy- and phenoxy- 
acetic acids are alike, apart from the possession by the latter of a ring structure in which a 
Kekulé-like resonance is possible. This doubles the number of resonating states con- 
tributing to the structure of the latter ion. Thus we arrive at some understanding of its 
stability compared to that of the methoxyacetic ion. It is also very probable that in addition 
to such structures as (V), structures such as (VI) contribute to the normal state of the ion. 


wy € S-0-cH, ce {y= 6-cH,-C<G. (v1) 


In the methoxy-acid, resonance with a double-bonded structure —O—CH, is not possible 
since the carbon atom has only four orbitals available for bond formation. We would 
not expect the charged structures to be as stable as the uncharged ones, and hence they will 
make a smaller contribution to the molecular state, t.e., their coefficients in the wave 
equation will be smaller. 
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Considerations of this kind are pertinent in discussing many ortho-acids. There is 
some justification in the bulk hypothesis in so far as bulky groups are often hybrids. The 
high strength of o-toluic acid may be due to resonance between such structures as (VII) 


CH,—C<o- 
H,—CH,H* 
(IX.) 
and (VIII). This is, of course, the hydrogen-bond formation postulated by Dippy and his 
co-workers (J., 1937, 1421), defined a little more precisely. Its existence could be detected 
if the carbon-methy] bond distance could be measured in o0-toluic acid by electron diffraction 
or otherwise. The recent spectroscopic and electron-diffraction work on methylacetylene 
is suggestive (Herzberg, Patat, and Verleger, J]: Physical Chem., 1937, 41, 123; Badger and 
Bauer, J. Chem. Physics, 1937, 5, 599; Pauling, Springall, and Palmer, J. Amer. Chem. 
Soc., 1939, 61,927). The C-CH, distance in this compound is 0-08 A. less than that required 
for a pure single bond, suggesting the existence of Ht CH,—C-+>*->+ types of structure 
contributing to the state of molecule. Structures such as (IX) probably contribute to the 
structure of the butyric acid molecule ion and account for its relatively high dissociation 
constant. H.O. Jenkins and Dippy (J. Amer. Chem. Soc., 1940, 62, 483) have put forward 
a relation between length of chain and dissociation constant for the aliphatic acids, 
CyH gn 4 1°CO,H, viz., log K = a + b/r®, where 7 is the distance between the end carbon 
atom and the carbon of the carboxyl group. This relation does not hold for the anomalous 
butyric acid, a much smaller r being required than that calculated. The present postulated 
double-bonded structures do something to reduce the effective r. 

The strengths of the chloroacetic acids will now be considered; the relevant data are : 
CH,CIl-CO,H, K = 1-4 x 10%; CHCI,CO,H, K = 5-1 x 10°; CCl,CO,H, K = 1-2. 
The author has pointed out (Nature, 1940, 145, 625) that all attempts to account for 
these dissociation constants on the basis of inductive effects alone are doomed to failure 
since the resultant group moments of one, two, and three C-Cl groups are pg), 2, cos}6, 
and ug; (6 cos 6 + 3)#, respectively, 6 being the tetrahedral angle, and dipole interaction 
being neglected. However, resonance with such structures as (X) and (XI) preferentially 
stabilises the ions of these acids. 


+ 


-f% 0 O- Cl O 
af gee | al ¢-cd a ¢u,—c? c=o—c@ 
Cl O- No & o- 
(X.) (XI.) (XII.) (XIII.) 

There are two ways of counting the number of resonating structures. If ionic structures 
such as (XII) containing tervalent carbon and probably of low stability are not included, 
we obtain the numbers 2, 6, and 14 for the mono-, di-, and tri-chloroacetic.acids, respectively. 
On the other hand, if they are included we get the numbers 4, 10, and 20. There are, 
e.g., twelve structures of the type (XIII). 


If the first set of numbers is taken, the linear relation between log K and log m is shown 
in Fig. 1. However, an equally good straight line can be drawn if the second set of numbers 
is taken instead, and log K is plotted against log n, or even against ». This latter method 
of plotting may prove to be of the greater theoretical significance. We would not expect 
acetic acid to come on any of these straight-line relations. Superimposed on the resonance 
effect is the classical inductive effect. 


We are comparing compounds in which the inductive effect is roughly the same. The 


Cl 1 
group dipole moments of Sc-c1 >K and ent are roughly the same. 


It has already been suggested by Gregg, Hampson, Jenkins, Jones, and Sutton (Trans. 
Faraday Soc., 1937, 33, 852) that hybridisation occurs in such molecules as benzyl chloride 
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and benzotrichloride from an examination both of orienting power and of the dipole- 
moment evidence. Toluene only gives 4% of the m-derivative on nitration, whereas 
benzyl chloride gives 12—15-5%, and benzotrichloride 64-5—74-8%. Again, the dipole 
moment of benzotrichloride is 2-07 D., whereas that of ««a«-trichloroethane is only 1-57 D. 
(Sutton, Proc. Roy. Soc., 1931, 188, 668). Further evidence necessitating the existence of 


this type of charged structure involving double-bonded halogen (cg. in LPN as Val : F) 


has been published by Brockway and H. O. Jenkins (ibid., 1936, 58, 2036) and Gregg, 
Hampson, e¢ al. (loc. cit.). It can be taken as reasonably certain that hybridisation occurs 
in the ions of the chloroacetic acids. Further evidence for this is given later (p. 1452). 


Fic. 1. 
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CHC1,-CO,Et 


log K+ constant. 
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CC13CO2Et 
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log n. n. % 

The Dissociation Constants of Bases.—Similar reasoning will account for the strengths of 
many nitrogenous bases, with, however, the important proviso that it is the un-ionised 
molecule possessing a lone pair of electrons on the nitrogen atom which is preferentially 
stabilised by resonance. A linear relation has already been shown to exist between px, 
and log » for ammonia, aniline, diphenylamine, and triphenylamine (H. O. Jenkins, Nature, 
1940, 145, 149). The relevant data are given below. The equation to the line is px, = 


1 1 fe 


0-3 

















9-27 — 6-9 logn, charged structures such as (XIV), being less important than (XV) and 
(XVI). 
Base. Pry: n. log n. 
) EE 1 0-000 
NH,Ph ....... see = 462 5 0-699 
Another series of bases which find their interpretation on these lines is ammonia 
(Ky = 1-79 x 10°), methylamine (Kp = 43-8 x 10°), dimethylamine (Kz = 520 x 10°), 
and trimethylamine (Kz = 5-45 x 10°). Here we immediately notice that the symmetrical 
molecules, ammonia and trimethylamine, are the weakest, suggesting that these undis- 
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sociated molecules have more ionic resonance energy than the other amines. When methyl 
is introduced into ammonia, the powerful increase in strength is to be ascribed to a decrease 


in symmetry in the undissociated molecule which possesses a pyramidal structure and to the 
development of tetrahedral symmetry in the ion : 


AN tere Vain H + fi 
SK pag 


Undissociated molecule. Ion. 


The carbon and the positive nitrogen appear to be indistinguishable and thus the ion has 
the ethane type of symmetry. 

Activation Energies involved in Acid Hydrolyses of Chloroacetic Esters—Timm and 
Hinshelwood (J., 1938, 862) have determined the parameters PZ and E of the Arrhenius 
equation, k = PZe-2/R7 , for the acid hydrolyses of the three chloroacetic esters in 55-7% 
alcohol. The PZ factor increases with E as substitution proceeds; varies only slightly 
for the three reactions, but the activation energy decreases systematically, and this, it is 
stated, is in accordance with expectations based on the application of the electronic theory. 
It may be pointed out that the inductive effect will not explain this systematic decrease in 
activation energy (see section on the dissociation constants of acids). 

Modern theories of reaction velocity are characterised by an attempt to correlate 
Arrhenius parameters with molecular structure. It is thus probable that the decrease of 
E as successive chlorine atoms are introduced into the ester molecule bears some relation 
to the molecular structures involved. Support for this view comes from what has been said 
about dissociation constants if we remember that rate constants and equilibrium constants 
are closely related (Brénsted and Pedersen, Z. physikal. Chem., 1924, 108, 185; Hammett, 
J. Amer. Chem. Soc., 1937, 59, 96; Dippy and Watson, J., 1936, 436). A relation such as 
log k = a log K + b is very often found, and this is not surprising when we remember 
that the transition-state method of dealing with reaction velocities uses statistical theory 
to calculate the equilibrium constant of a transition complex of reacting substances. The 
close connection between equilibrium and velocity constants suggested trying a plot of 
activation energy against number of canonical structures, and again a relation is found 
(see Fig. 2). The relevant data are given below. 

Ester ...ccccecsssseseseseesessseeeceeeee CH,CIXCO,Et CHCI,CO,Et CCl,CO,Et 

ED eck cst ccsansidbnoettenseissnepeeteecerenn 15,350 14,300 12,280 

WD sakgeicsesie edsnsianien age raseenseripeecs 2 or 4 6 or 10 14 or 20 
All the points lie on a straight line to within 40 cals., no matter which set of numbers 
(2, 6, 14; or 4, 10, 20) is used, and this implies remarkably accurate experimental work. 
The same numbers which account for the rise in dissociation constant also account for the 
decrease in activation energy in the hydrolyses of the corresponding esters. 

The usual interpretation of the acid hydrolysis of an ester is that of the Lowry mechanism. 
A hydroxy] ion is obtained from water, a proton from the acid catalyst, and the transition 

complex (XVII) is obtained. The last step involves the breaking of the 
C-OEt bond to form EtOH (Polanyi and Szabo, Trans. Faraday Soc., 1934, 
R—C—OEt 30, 508). It is the charge on the carbonyl carbon that plays the decisive 

OH Ht part in determining the energy of activation. The linear relation may owe 

(XVII) its origin to the fact that each canonical structure helps to pile up positive 

charge on this carbon atom. 

Evans and Polanyi (ibid., 1937, 34, 11) have shown that perturbation energy between 
two states #, and ¢, may act as a driving force and contribute to the lowering of activation 
energy. The hydrolysis being expressed as 


OH- + R:CO,Et —~> R-COO- + EtOH 
(A) (BC) (B) (AC) 
then the energy of the system for any configuration can be shown to be either E, = B, + 


R,, or E, = B, + Rg, where B, is a bond energy in the molecule R-CO,Et and R is the 
repulsion energy between R°CO,Et and OH-; B, and R, are corresponding terms for the 
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second state. When E, and E, approach one another, perturbation results. When they 
are both equal to E;, the two energy values for the system are E; + Ey, and E; — Ep. 
The transition state is that for which E is a minimum, and the activation energy is (E,) _ — 
Ey. It is suggested that the resonance energy in the transition state systematically 
increases, and lowers the activation energy correspondingly. This lowering of E is related 
to such phenomena as the resonance of the #, electrons in triphenylmethyl furnishing 
the driving energy in the dissociation of hexaphenylethane into free radicals (Pauling and 
Wheland, J]. Chem. Physics, 1933, 1, 362; Huckel, Trans. Faraday Soc., 1934, 30, 40), and 
also to the fact that such a small heat of transformation is needed to change diamond 
into graphite, energy being gained by the resonance of the #, electrons in the hexagonal 
graphitic planes. 

[Note, added July 23rd, 1940.] Everett and Wynne-Jones (Trans. Faraday Soc., 1939, 
35, 1380) have criticised the practice of regarding the dissociation constant of an acid in 
water at 25° as a measure of its intrinsic strength on account of the known solvent and 
temperature dependence. Inter alia their treatment is based on the questionable assump- 
tion of the temperature invariance of AC,. A refutation of certain of their claims will 
shortly be made by Dr. J. F. J. Dippy and the author, but here it may. be stated that second- 
order solvent-temperature effects do not affect the main conclusions reached in this paper. 
It cannot be fortuitous that dissociation-constant data at 25° have been found to reveal 
well-defined regularities, which can be correlated with many other fields of investigation. 
Moreover, Wynne-Jones’s relationship log K/K,-1/e (Proc. Roy. Soc., 1933, 140, A, 440) 
has been tested satisfactorily upon data at a fixed temperature. 


I should like to express my indebtedness to both the writings and the lectures of Professor 
Linus Pauling. 


(Received, April 8th, 1940.) 





269. The Effect of Molecular Environment on the Absorption Spectra 
of Organic Compounds in Solution. Part I. Conjugated Dienes. 


By HERBERT Booker, Lewis K. Evans, and A. E. GILLAM. 


In view of the marked effect of variations in molecular environment on the location 
of the absorption band due to any particular chromophoric group, an attempt has been 
made to collect and to classify new and already published absorption-spectra data on 
conjugated dienes. The location of the band due to the diene chromophore varies 
between 2170 and 2820 a. (for alcoholic solutions), whilst the intensity ranges up to 
« = 35,000 but most commonly lies between 8,000 and 20,000. The effect of various 
substituents has been studied and has been found to produce characteristic displace- 
ments of the absorption maximum, the location of which thus gives an indication of the 
type of diene present in any particular compound. The main sub-groups have been 
found to be acyclic dienes having one, two, or no cyclic substituents, semicyclic dienes, 
and mono-, di-, and poly-cyclic dienes. In the last case, as has already been discovered 
in the sterol and the triterpene field, the arrangement of the conjugated system in one 
or in two rings, respectively, produces a marked difference in the location of the absorp- 
tion maximum. The data on the various types of dienes have been collected in several 
tables, and new data are also recorded graphically. 


THE use of absorption spectra as an aid to the elucidation of the structure of organic com- 
pounds of hitherto unknown constitution is rapidly extending, but progress is considerably 
handicapped by the fact that, although selective absorption of light of wave-lengths 2000— 
7700 A. is always associated with the presence in a molecule of certain specific groupings 
or chromophores, yet the precise location and intensity of the absorption band are in- 
fluenced by a number of factors. Of these, the effect of external variables such as the 
displacement of maxima by change from one solvent to another can usually be foreseen. 
On the other hand, change of intramolecular environment often has a very marked effect 
upon the absorption band due to a particular chromophore even when the chromophore 
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itself remains unchanged. At present, these changes cannot be predicted from fundamental 
premises, although considerable knowledge of an empirical nature is accumulating. For 
instance, the typical absorption band of ketones due to the group >C = O is shown by 
acetone and the higher homologues of the series, but when the alkyl groups are replaced by 
certain others, which are themselves normally regarded as non-absorbing groups, a big 
change in the location of the absorption maximum may be-produced. Table I illustrates 
this point. 


TABLE I. 
The effect of substituents on the absorption due to the carbonyl group. 
Amax. loge. Solvent. Amax. loge. Solvent. 
Formaldehyde *® <2144 — H,O Acetone } 2725 = 1-27 EtOH 
Acetic acid ¢ ca. 2070 =1-47 EtOH Acetaldehyde ? 2934 1072 C,H 
Acetamide § < 2144 —_— H,O Hexamethylacetone* 2950 1-326 EtoH 
Aminoacetic acid* <2200 — H,O Mesityl oxide ¢ 3135 1-767 EtOH 


1 Rice, J. Amer. Chem. Soc., 1920, 42, 727. 2 Schou, Compt. rend., 1926, 182, 965. 3 Bielecki 
and Henri, ibid., 1912, 155, 456. « Henri, ‘‘ Etudes de Photochimie,”” Paris, 1919, Gauthier Villars, 
5 Bielecki and Henri, Compt. rend., 1912, 156, 1860. * Int. Crit. Tables, §, p. 379. 


The present paper is the first of a series in which it is planned to collect experimental 
data on the absorption spectra of compounds containing specific light-absorbing groups of 
atoms with the object of discovering the effect of various well-defined molecular environ- 
ments upon the resulting absorption spectra. The data and generalisations so collected 
could then be used as an argument in support or otherwise of structural formule put 
forward for particular unsaturated compounds. 

The first chromophore chosen for such a study has been that characteristic of conjugated 
dienes typified by butadiene, CH,-CH-CH:CH,. Dimroth and Trautmann (Ber., 1936, 
69, 669) have already directed attention to the fact that the light absorption due to the diene 
chromophore is influenced by the nature of the molecule in which it occurs, and have shown 
that absorption-spectra data support the hypothesis that in ergosterol the two double 
linkages are conjugated and present in one ring (see below). 

Mulliken (J. Chem. Physics, 1939, 7, 121), in a theoretical treatment of the light absorp- 
tion of conjugated dienes, comments on the paucity of quantitative absorption data on 
pure compounds containing the diene chromophore. This scarcity of data is in part due to 
the difficulty of obtaining pure specimens of such unsaturated compounds on account of 
the ease with which they oxidise, polymerise, or isomerise. 

Table II shows the new and already-known data on acyclic dienes without cyclic sub- 
stituents. For strict comparison of absorption spectra, the solvent should be the same in 
all cases on account of the displacement of the absorption maximum which is often observed 
when a compound is transferred from one solvent to another. It is fairly well established, 
however, that for non-polar compounds the location of the absorption maximum is almost 


TABLE IT. 
Acyclic dienes having only acyclic substituents. 
Amek:- €max.- Solvent. 
Butadiene 21701 20,900 Hexane 
Piperylene 2235 23,000 Alcohol 
2235 25,500 Hexane 
Isoprene 2200 3 23,900 . Hexane 
2200 ? 17,900 | Hexahydrotoluene 
By-Dimethylbutadiene . ' 22504 : 20,400 Hexane 
2260 * 21,400 Hexane 
2260 2 21,300 Hexahydrotoluene 
A*:4-Hexadiene 2270 22,500 Alcohol 
2270 25,500 Hexane 
Myrcene (I) 2245 14,600 Alcohol 
1 : 6-Diacetoxy-A*‘4-hexadiene (IX) 2280 27,300 Alcohol 
1 : 6-Diethoxy-A***-hexadiene (X) 2280 26,800 Alcohol 
1 Smakula, Angew. Chem., 1934, 47, 657. 2 Scheibe and Pummerer, Ber., 1927, 60, 2163. 


® Scheibe, Ber., 1926, 59, 1333. 
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identical in ethyl alcohol and hexane, a point which has been confirmed in several cases 
among the dienes examined here. The same generalisation does not, however, apply to 
the intensity of absorption, which usually tends to be higher in hexane than in ethyl 
alcohol (cf. piperylene and A?*4-hexadiene, Table IT). 

In the six purely hydrocarbon dienes considered, the location of the maximum falls 
within the limits 2170—2270 a., and if butadiene is taken as the parent compound, the 
inclusion of one methyl group displaces the absorption 
maximum to longer wave-lengths by 20 and 65 A. severally Fre. 3. 
in two different compounds, whilst the increment of dis- 45 ] 
placement is 90 and 1004. in two different dimethyl 
compounds. When the two terminal methyl groups contain 
a subsituted hydroxyl group (ethoxy- or acetoxy-), the 
slight extra displacement (10 A.) is almost within the 
experimental error in determination of the maximum in 
bands of this type. 

In the carotenoid polyenes, Kuhn and Grundmann (Ber., 
1937, 70, 1318) have observed that a methyl group on the 
polyene chain causes a displacement of the absorption 
maximum to longer wave-lengths, and that the amount of 
this displacement is equal to about one-quarter of that ‘© 
usually found for one ethylene linkage. For this. par- 
ticular series, the increment for a conjugated ethylene 
linkage is of the order of 210 a., making the increment for 
one methyl group of the order of 50 A., which is about the 
same as that observed with the methylbutadienes. In 
butadiene with a six-carbon-atom acyclic substituent as 
in myrcene (I), there is a displacement of 75 A., #.¢., inter- 
mediate between the values just noted for the increments 
due to one and two methyl groups respectively. 





























2000 
A,A. 


Absorption spectra of alcoholic 
solutions of : (1) Pi lene. 
3) A 


el 
(L) CH >C-CH-CHy CHyCREHE cy Oe sogi 


au) CH, HE-CH?>C:CH-CH:CH, | 


Lowry and Allsopp (Proc. Roy. Soc., 1937, 163, A, 356) (2) Myrcene. *4Hexa- 
have pointed out that the simple substituted butadienes are  4#ene._ (4) Diethoxy-A?**-hexa- 
notable for their very high extinction coefficients. The = a 
values quoted as due to Smakula (Angew. Chem., 1934, 447, 

657) are, however, 2:3 times too high owing to confusion between logarithmic scales. 
Even when this is corrected, the higher values:ofsome of the acyclic dienes are still notable 
(Table II). For instance, the values of ¢ in the simple butadienes range from 14,000 to 


; TABLE III. | 
Dienes having only One Cyclic Substituent. 

Get. ri Sueee 7 
Allylidenecyclohexane (II) =.. 2365 >7,700 
Zingiberene (III) Ont _ 2365 5,300 
y-2-Dimethylaminomethyléyelohexylidene-A*-propene (VIII) 2360 3 10,500 

1 Milas and Alderson, J. Amer. Chem. Soc., 1939, 61, 2534. 


27,000, but the introduction of a single saturated cyclic substituent (Table III) lowers 
these values considerably. With two such cyclic substituents the values go up again, in 
one case to 35,000 (Table IV). 

When the substituent of the butadiene contains a single cyclohexyl group, as in allyl- 
idenecyclohexane (II), there is a larger displacement than occurs with either one or two 










Booker, Evans, and Gillam: The Effect of 


TABLE IV. ; 
Acyclic Dienes having Two Cyclic Substituents. | 
Amax.: . Solvent. 
7 of 24801 34,900 Et, 
| 
—CH—CH—' 
_ 
H. 2450 * 16,400 EtOH 
(ee at,) 
H —CH—CH=| 
r \Z 
OH 2460 2 18,800 m 
—CH,-CO,Et < 
Ac cH CH 
OH 2470 2 13,700 a 
CH,°CO,H : 
H —CH——_CH=| 


























1 Dimroth and Jonssen, Ber., 1938, 71, 2658. 2 Aldersley, Burkhardt, Gillam, and Hindley, 
this vol., p. 10. * We are indebted to Drs. Burkhardt and Hindley for the opportunity to examine 
this compound. 





methyl groups, viz., to approximately 2360 a. Although the three compounds of this type 
examined (Table III) are chemically very different from each other, it is notable that the 
absorption maximum in each of the three cases is so close to 2360 A. (within + 5 A.) as to be 
virtually identical. The displacement of the maximum from that of butadiene is thus 
190 A. 


CH—CH ° ° 
CH CR cy CH, > CH’ CHMeCH:CH-CH:CMe, 
(III; Zingiberene.) 


When two substituents of the butadiene are cyclohexyl groups (cf. Table IV) there is a 
H further displacement of about 90 A. for the second cyclohexyl group. Here, again, in four 
different compounds the maximum falls within the narrow range 2450—2480 a. 

In the previous cases considered the butadienes have all been acyclic even if in 
some cases the substituents have been cyclic. The next class to be considered is one 
i where one of the two ethylene linkages is in a hydroaromatic ring, the other one being 
i exocyclic. In eight compounds in this class the absorption falls within the limits 2300— 
2420 a. (cf. Table V). In pulegone-enol and tsopulegone-enol the locations of the maxima 


| TABLE V. 


Semicyclic Dienes. 


a i Mm an -_- 


pa Solvent. 

1 p-Phellandrene (VI) 2312 1 9,120 CHa 
4 2320 9,200 EtO 

j A}-cycloHexenylethylene 2300 4 8,500 a 

2-Methyl-A?-cyclohexenylethylene 2330 ¢ 7,200 - 

Pulegone-enol (XIV) 2380 3 3,844 C.Hy, ] 

isoPulegone-enol (XV) 2364 * 1,320 mi ‘ 
1 | Menthadiene (XVIII) 2350 10,700 EtOH : 
q A: &)-Normenthadiene (XIX) 2420 9,950 ve 
7-Methylenecholesterol (X1) 2360 2 20,000 By ; 
' 1 Macbeth, Smith, and West, J., 1938, 119. ? Bann, Heilbron, and Spring, J., 1936, 1274. 
i 8 Savard, Bull. Soc. chim., 1928, 48, 524, 978. * We are indebted to Dr. G. N. Burkhardt and 


Dr. W. N. Hindley for specimens of these two compounds. 


| are close to the means of those found for other members of this group, which suggests that 
the hydroxyl group on the conjugated system has very little effect on the absorption due 
to the diene. The low intensity of the absorption recorded for these compounds indicates 
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that they contain considerable quantities of the unconjugated isomers, a conclusion which 
has also been reached by Savard (Bull. Soc. chim., 1928, 48, 524, 978). 


CH—CH 
CHsC<cy, CH, > C'CHMe, (V ; a-Phellandrene.) 


CH,-CH 


CHMey’CH< cH cH 2SC:CH, (VI; f-Phellandrene.) 


3 
(IV ; Abietic acid.) 


The close similarity in the locations of the maxima for this group of dienes and that of 
acyclic dienes having a single cyclic substituent (see above) should be noted, and it follows 


Fic. 2. Fic. 3. 
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A,A. 

Absorption spectra of alcoholic solutions Absorption oy of alcoholic solutions of : (1) 
of : (1) Allylidenecyclohexane. (2) 1-Methyl-A?*4-cyclohexadiene. (2) a-Phellan- 
B-Phellandrene. (3) Zingiberene. drene. (3) a-Terpinene. 

(4) Menthadiene. (5) Di-A**1-cyclo- 

hexene. (6) A**®*)-Normenthadiene. 
that in the presence of a single cyclic group absorption spectra alone will not differentiate 
between purely acyclic and semicyclic dienes. Methylenecholesterol, one of this class of 
diene, exhibits a maximum at exactly the same wave-length as the other members of the 
class, despite the polycyclic environment which exerts such a large effect on the absorptions 
of the cyclic dienes (see below). — 

Conjugated dienes exhibit the kind of absorption typical of all compounds containing 
conjugated systems, #.e., the so called K-bands. These bands usually have intensities 
ranging from about 10,000 to approximately 500,000 for the molecular extinction coefficient 
e, depending upon the length of the conjugated system present, and are notably different in 
intensity and in the effects produced by certain substituents from the so-called R-bands of 
which the ketone band is typical (cf. Burawoy, J., 1939, 1177). In the dienes already 
considered, the values ‘o ae wee up to 35,000, 10,000—15,000 being most usual. 


\ H,-NM 
(VII; /-Pimaric acid.) @:: arp CH, (VIII) 


C cre 
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When we compare the monocyclic dienes with the acyclic members of the series, the 
first notable point is the considerable displacement of the maximum to longer wave-lengths 
in the cyclic series (cf. Table VI). The second point is the comparative lowness of the 
extinction coefficient; ¢.g., an apparently pure specimen of a-phellandrene gave a value 


TABLE VI. 
Monocyclic dienes. 


Solvent. 
cycloPentadiene Hexane 
A}*3-cycloHexadiene cycloHexane 

Hexane 
a-Phellandrene (V) Alcohol 


2-Methylcarvenene (XII) ~- oe 
1-Methyl-A***-cyclohexadiene Alcohol 
a-Terpinene (XIII) >3620 
1 Scheibe, Ber., 1926, 59, 1333. 2 Allsopp, Proc. Roy. Soc., 1934, 143, A, 618. * Henri and 
Pickett, J. Chem. Physics, 1939, 7, 439. * Dimroth and Trautmann, Ber., 1936, 69, 669. 


for ¢ of only 1600, and even after rigorous purification this was only raised to 2500. _ It is 
perhaps significant that, in recording the absorption spectra of a-phellandrene and 
l-methylcarvenene, Dimroth and Trautmann (loc. cit.) recorded only the location of the 
maximum in each case, but not the intensity. 


(Ix.) OAc*CH,*CH:CH-CH:CH-CH,-OAc OEt-CH,*CH:CH-CH:CH‘CH,OEt (x.) 


In 1-methyl-A?:4-cyclohexadiene and «-terpinene also, only low values have been 
observed for ¢, and it would seem either that these cyclic dienes exhibit intrinsically low 
intensities of absorption or more probably that there is a tendency for one of the ethylene 
linkages to move out of conjugation to produce an equilibrium mixture of conjugated and 
unconjugated isomers, in which case the intensity of absorption would fall in proportion 
to the amount of unconjugated isomer present. All the cyclic dienes for which data are 
available give low values of ¢ except A1:*-cyclohexadiene, the values for which can be re- 
garded as approximately normal. In the case of cyclopentadiene, which exhibits a low value 
comparable with the other members of the group, a displacement of either of the ethylene 
linkages would still leave a conjugated system, so that in this compound, where isomeris- 
ation into an unconjugated form is not possible, the question is only whether the low value 
of « is due to the difficulty of obtaining the compound sufficiently pure. 


H; C,H, 


He NIA ; 
ko CHMeyC<Eh cn 


76 fi H—-CM 
(XII; 2-Methylcarvenene.) 
BA\/N\/Ncay, 


(XI; 7-Methylenecholesterol.) 


Polycyclic Dienes.—No discussion on the absorption spectra of cyclic dienes would be 
complete without the inclusion of compounds in the sterol and the triterpene series where, 
not only are important dienes known, but their absorption spectra have been determined 
in many cases and the data used to indicate or confirm parts of their molecular structure. 
No new data on these compounds are now recorded, but the existing data are collected and 
reviewed for the sake of completing the diene survey. At the same time, it has to be 
borne in mind that, although the absorption spectra of the polycyclic dienes fall into line 
with generalisations obtained from a study of simpler compounds as well as certain poly- 
cyclic compounds of known composition (e.g., ergosterol), yet the constitutions of all the 
sterol and triterpene compounds listed in Tables VII and VIII are not rigidly proved 
independently of spectroscopic considerations. , 
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TABLE VII. 
Polycyclic dienes (having two double bonds in one ring). 
° Solvent. 
Ergosterol a Et,O 
EtOH 
Et,O 


” 


Lumisterol 


tsoDehydrocholesterol 340 os 
Dehydro-f-amyrenyl acetate EtOH 
ydro-a-amyrenyl acetate se 
A*4.Cholestadiene — 
l-Pimaric acid ~ 
1 Windaus, Lettré, and Schenck, Annalen, 1935, 520, 98. * Dimroth and Trautmann, Ber., 1936, 
69, 669. * Morton, Heilbron, and Kamm, J., 1927, 2000. * Heilbron, Moffatt, and Spring, J., 
1937, 411. 5 Windaus, Linsert, and Eckhart, Annalen, 1938, 534, 22. * Beynon, Sharples, and 
Spring, J., 1938, 1233; Picard and Spring, this vol., p. 1198. 7 Staveley and Bergmann, J. Org. 
Chem., 1937, 1, 577. ® Kraft, Annalen, 1935, 520, 133. 


TABLE VIII. 


Polycyclic dienes (double bonds not in the same ring). 


Amaz.- . Solvent. 
3 : 5-Cholestadiene 2350 13 EtOH 
Cholestadienol-C 2480 * Et,O 
Cholestadienol-D acetate 2450 * ” 
Cholestadienol-B, acetate 2460 * ” 
Ergosterol-D 2420 ¢ EtOH 
osterol-B, 2420 ¢ oe 
a-Dihydroxycholadienic acid 2400—2480‘ 9,300 at 
Nn eee te gees acid 2480 ¢ ” 
ydroergosterol 2480 § , Et,O 
Abietic acid 2375 * 16,100 EtOH 
Bicyclic diene (double bonds not in the same ring). 
Di-A*!-cyclohexene (XVI) 2360 18,100 EtOH 
1 Staveley and Bergmann, J. Org. Chem., 1937, 1, 567. * Schoenheimer and Evans, J. Biol. 
Chem., 1936, 114, 567. * Windaus, Linsert, and Eckhart, Annalen, 1938, 584, 22. * Callow, J., 
1936, 462. 5 Windaus and Liittringhaus, Amnalen, 1930, 481, 119. * Kraft, Annalen, 1935, 520, 
133. 


Dimroth and Trautmann (loc. cit.) have shown that two conjugated double bonds in one 
ring in a polycyclic compound are alone sufficient to displace the location of the absorption 
band due to the diene chromophore to approximately 2800 A., i.e., the location of the band 
of ergosterol. Typical compounds of otherwise known constitution exhibiting this type 
of absorption are lumisterol, ergostatriene (A5:7:#), 7-dehydrocholestene, and 22-dihydro- 
ergosterol. Absorption spectra data on these and other compounds of this type are given 
in Table VII. 


H,-C H,—C ° 
CHMey CCH? Cece Me-CH<CHE CoH > CMe, 
(XIII; a-Terpinene.) (XIV; Pulegone-enol.) 

Callow (J., 1936, 462) has suggested, from combined chemical and more particularly 
spectrographic evidence, that the structure of ergosterol-D, dehydroergostenol, ergosterol- 
B,, and the a- and $-dihydroxycholadienic acids are best explained by assuming that the 
light absorption, situated in all these cases between 2400 and 2480 a. (log « of order 4°0), 
is due to a system of two conjugated double bonds having one bond in each of two rings. 


CHyCH<EHEC (OH >CH CC a cH, cH ccc 


(XV; isoPulegone-eno].) 
5D 
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In considering the structure of the polycyclic diene, abietic acid, Fieser and Campbell 
(J. Amer. Chem. Soc., 1938, 60, 159) have reviewed in detail the absorption spectra of related 
compounds in this class and agree with the generalisation which has been slowly emerging 
that the polycyclic dienes fall into two classes of compound absorbing maximally at 2400— 
2500 and 2600—2820 a., severally. They have concluded that the chemical evidence, 
where it is available, supports the suggestion that compounds in the first group have their 
two double bonds conjugated but situated in adjacent rings, whereas in the second group 
the conjugated system is present in one ring. Table VIII shows the collected data on the 
dienes where the conjugated system extends into two rings. In the case of abietic acid, 
absorption data alone would leave open the possibility of a semicyclic diene structure such 
as occurs in methylenecholesterol, but the chemical evidence excludes this possibility, 
leaving the most probable formula as (IV) (cf. Fieser and Campbell, Joc. cit.). The structure 
of /-pimaric acid has also been discussed by these authors who, after giving full weight to 
spectroscopic and chemical evidence, put the most probable formula as (VII), thus placing 
it in the class of polycyclic compounds having two double bonds in one ring. 


¢ S< » CH; =CMe, 


(XVI) (XVIL.) (XVIII) 


Fig. 4 illustrates graphically the important fact emerging from Table IX, i.e., that the 
diene chromophore is responsible for an absorption band located somewhere within the 


Fic. 4. 
45 
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Displacement of the diene absorption band by change in molecular environment. Alcoholic solutions of : 
(1) Piperylene. (2) Menthadiene. (3) 1-Methyl-A***-cyclohexadiene. (4) B-Amyradienyl acetate, 





range 2170—2820 A., the particular location depending solely on molecular environment. 
The choice of B-amyradienyl acetate as a representative of the polycyclic dienes rather 
than a simpler one of more certain constitution, such as ergosterol, was determined by the 
fact that the former gives a smooth curve with a single maximum such as is shown by the 
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TABLE IX. 
Classified Summary of Absorption Spectra of Dienes. 


Amax.- Emax., Tange. 

1. Acyclic dienes. 

(a) Having only acyclic substituents 2170—2280 14,600—25,500 

(b) Having one cyclic substituent 2355—2365 5,300—10,500 

(c) Having two cyclic substituents 2460—2480 13,700—34,900 
2. Semicyclic dienes. 2300—2420 1,320—20,000 
3. cycloHexadienes. 2560—2650 2,500— 9,900 
4. Bicyclic diene. 

(a) Having two double bonds in different rings 2360 18,100 
5. Polycyclic dienes. 

(a) With two double bonds in the same ring 2600—2820 5,300—13,500 

(b) With two double bonds in different rings 2350—2480 9,300—23,000 


simpler dienes, whereas the latter gives a curve exhibiting a main maximum and two sub- 
maxima which, while being irrelevant to the main issue here, might appear to confuse it. 


EXPERIMENTAL. 


Determination of Absorption Speciva.—All the determinations were carried out photo- 
graphically with a Hilger E3 quartz spectrograph fitted with a Spekker photometer, the light 
source being a high-tension spark between tungsten-steel electrodes. The resulting spectrum is 
such that the range 2200—7000 a. is spread over 18cm. The solvent most generally used was 
ethyl alcohol, previously freed from polymerisable materials by refluxing with metallic sodium 
followed by distillation. Some compounds have also been examined in solution in hexane, 
which was freed from aromatic compounds by shaking with concentrated sulphuric acid, the 
product being finally washed with water, dried, and distilled. This process was repeated until 
absorbing impurities could not be detected in a 4-cm. layer. The molecular extinction coeffi- 
cient, e, has the usual significance, e = (log J,/J)/cd, where J, = intensity of incident light, J = 
intensity of transmitted light, c = concentration (g.-mols./l.), and d = the thickness of the layer 
of solution (in cm.). 

Piperylene, CH,-CH:CH*CH:CH,.—Crotonaldehyde (1 mol.) was allowed to react with 
methylmagnesium iodide, and the product decomposed with dilute hydrochloric acid. The 
ether extract yielded 52 g. of the alcohol, CH,-CH:CH*CH(OH)-CHsy, b. p. 60—63°/55 mm. This 
was dehydrated by the method of Kyriakides (J. Amer. Chem. Soc., 1914, 36, 986), the vapour 
being passed over previously ignited kaolin in a silica tube 100 cm. long, the temperature being 
kept at 450—470° (thermocouple in the kaolin) and the pressure at ca. 12 mm. The issuing 
vapours were cooled by solid carbon dioxide, and the oily piperylene was quickly poured off the 
ice. The yields were calculated from the observed volume of water obtained after dehydration ; 
the best yield was 65—70%. The piperylene so obtained was distilled at atmospheric pressure, 
the main fraction being collected at 40—80°. This was refractionated into seven fractions of 
0-5—2-0 ml. each. The fractions of b. p. 42—43° showed the greatest intensity of absorption, 
i.e., € = 23,000 at 2235 a. (alcohol). 

A*'4-Hexadiene, CH,;*CH:CH*CH:CH-CH,.—Dried and distilled crotonaldehyde (70 g.) in 
pure dry ether (80 ml.) was added dropwise to ethylmagnesium bromide (1 mol.) in ether (200 ml.) 
cooled in ice. When the vigorous reaction was complete, the mixture was acidified with 
ice-cold dilute hydrochloric acid, and the ethereal layer removed, dried, and freed from solvent, 
after which the hexenol was distilled in a vacuum (b. p. 53—57°/22 mm.; yield 41 g.). 
Dehydration was effected as in the preceding case; as calculated from the water produced in 
the dehydration the yield was over 70%. The product was distilled, and a number of fractions 
collected between 85° and 90°, those at 85—87° and 87—-89° having the highest intensities of 
absorption, i.¢., 22,100 and 23,000 respectively, in alcohol. The compound decomposes readily, 
for the intensity of absorption falls rapidly even during 24 hours’ storage at 0°. 

Myrcene (I).—100 Ml. of a commercial sample of oil of bay were distilled under reduced 
pressure and gave a main fraction, b. p. 74°/14-8 mm. This colourless liquid was redistilled 
over metallic sodium, and the main fraction collected at 67°/2-4 mm. Its refractive index, 
ny" 1-4703, agreed well with the value given by Einklaar (Rec. Trav. chim., 1907, 26, 166) for the 
pure liquid, i.e., ni 1-4700. The absorption spectrum showed a maximum at 2250 a. with e« = 
12,400. A second sample of myrcene prepared by Dr. T. F. West from oil of bay had djj- 
0-8010, n° 1-4714, b. p. 71—73°/23 mm. It exhibited an absorption maximum at 2245 a. with 
¢ = 14,600, which indicates it to be a purer sample than the first. 
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Zingiberene (III).—Oil of ginger (500 ml.) was fractionated under reduced pressure, a long 
column being used. The main fraction (100 ml.) distilled over a narrow range of temperature 
and was refractionated three times. The best fraction exhibited a single absorption band in 
alcohol, tnax, = 5,300 at 2355 a., which was not increased in intensity by three further fraction- 
ations. This observed intensity of absorption is rather lower than might have been expected 
for this compound by comparison with similar ones in the same class, but as repeated distillation 
does not yield fractions of higher absorption, and further, as the observed refractive index, 
nz" = 1-4956, is identical with the value reported for apparently pure material, it must be assumed 
that the best fraction was substantially pure and that this diene exhibits an intrinsically low 
intensity of absorption. Nevertheless, natural zingiberene always contains small quantities of 
the unconjugated terpene bisabolene which would act as a nom-eheseuing diluent (cf. Simonsen, 
‘““ The Terpenes,” Vol. II, p. 494). 

1-«-Phellandrene (V).—We are indebted to Dr. T. F. West for a sample of this terpene pre- 
pared from commercial phellandrene derived from the oil of Eucalpytus dives. This specimen 
had b. p. 77—78°/25 mm., [«]p —58-5°, n>" 1-4765; dif. 0-8523. The absorption curve exhibited a 
maximum at 2630 a.,e = 1610. In view of the low intensity of absorption, a second sample was 
kindly prepared by Dr. West and was even more rigorously purified and freshly distilled before 
being examined (cf. Goodway and West, J. Soc. Chem. Ind., 1937, 56, 4721). The physical 
constants of this sample were: b. p. 87—88°/42 mm., 435° 0-8401, [«]p —95-37°, n3® 1-4750, and it 
can be taken as an especially pure specimen of /-«-phellandrene. The absorption curve gave 
Amax. 2630 a., ¢ = 2,300, indicating that considerable further purification had been achieved. 
No higher values for e have been obtained. 

B-Phellandvene (V1).—The sample was freshly distilled by Dr. T. F. West and had d]f- 0-8496, 

20° 1-4800, [«]p —46-58°, b. p. 74—75°/22mm. The solution in alcohol exhibited a single absorp- 
tion maximum at 2320 a. with e = 9,200, which is comparable with the value of 2312 a. (¢ = 
9,120) for hexane solution given by Macbeth, Smith, and West (J., 1938, 119). 

s-Divinylglycol, CH,;CH*CH(OH)*CH(OH)*CH:CH,.—This was prepared by reduction of 
distilled acraldehyde by Griner’s method (Amn. Chim. Phys., 1892, 26, 368). The main fraction 
distilled at 95—130°/18 mm., and on refractionation at 104—106°/18 mm. It was brominated 
by means of phosphorus tribromide (Farmer, Laroia, Switz, and Thorpe, J., 1927, 2946); the 
recrystallised 1 : 6-dibromohexadiene, after separation from the liquid 3: 4-dibromide, had 
m. p. 84—86° and Anax 2580 a., ¢ = 27,700. 

1 : 6-Diethoxy-A***-hexadiene.—This was prepared from the foregoing dibromide by the 
method of Farmer e¢ al. (loc. cit.). After fractionation, it distilled at 104—106°/12 mm., and 
had Amar, 2280 a., « = 26,800. 

The corresponding 1 : 6-diacetoxy-compound was also prepared from the 1 : 6-dibromide by 
the same authors’ method. It had b. p. 156—159°/14 mm., Aggy 2280 A., Emax, 27,300 (alcohol). 

Allylidenecyclohexane (I1).—1-Allylcyclohexanol was prepared from cyclohexanone and allyl- 
magnesium bromide (Jaworski, Ber., 1909, 42, 436; Mazurewitsch, Zenir., 1911, ii, 1922; Alders- 
ley, Burkhardt, Gillam, and Hindley, this vol., p. 10). After removal of excess cyclohexanone 
with sodium bisulphite, the product was distilled and collected at 74—85°/12 mm., and on 
refractionation the main portion boiled at 76—80°/12 mm. The product was acetylated with 
acetic anhydride and sodium acetate, and on distillation the main fraction of the acetyl deriv- 
ative boiled at 91—94°/12 mm. The acetate was heated with copper-bronze powder (2 hours at 
220°) and finally extracted with ether. The dried product was vacuum-distilled, and the 
fraction, b. p. <75°/12 mm., collected and redistilled at 760 mm.; b. p. 160—163°. Saizew 
(Zentr., 1913, i, 23) prepared the diene by heating C,H,,Cl*CH,°CH:CH, with silver carbonate, 
and the main portion boiled at 161—163°. He suggested that the product may consist of a 
mixture of conjugated and unconjugated isomers. Our product boiled at the same temperature 
as that of Saizew and exhibited a single absorption maximum at 2365 a., e = 7700, which indi- 
cates that it was very largely the conjugated form although the precise percentage of non- 
absorbing, unconjugated form present is unknown. 

Di-A1*1-cyclohexene (XVI).—This was prepared from cyclohexanone by first converting this 
into the pinacol by means of aluminium amalgam (Barnett and Lawrence, J., 1935, 1104). 
The product, recrystallised from petrol—benzene, had m. p. 127—129°. The pinacol was de- 
hydrated by heating with 10% sulphuric acid (Wallach and Pauly, Amnalen, 1911, 381, 112; 
Gruber and Adams, J. Amer. Chem. Soc., 1935, 57, 2555) and steam-distilled; the diene then 
separated as an oil. On addition of light petroleum and cooling, the oil solidified, and the 
crude material exhibited an absorption band at 2390 a., e = 13,500, but after two crystallis- 
ations the absorption spectrum gave Anax = 2360 a., ¢ = 18,100. This intensity could not be 
increased by further recrystallisations. 
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Menthadiene (XVIII).—Pulegone was reduced by Ponndorf’s method (Z. angew. Chem., 1926, 
39, 138) as described by Doeuvre and Perret (Bull. Soc. chim., 1935, 2, 298). After reduction, 
the residue was steam-distilled and yielded a distillate which was extracted with ether and the 
product heated with fused potassium bisulphate (15 mins.) to dehydrate any pulegol present. 
This product was shaken with aqueous sodium bisulphite for several days to remove unchanged 
pulegone, and after extraction and drying was distilled; the fraction, b. p. 75—82°/20 mm., 
exhibited a single absorption band at 2350 a., « = 10,700, not increased by a further fraction- 
ation. Doeuvre and Perret (loc. cit.) have shown that the terpene obtained by this method is a 
mixture of the two menthadienes (XVII) and (XVIII) in the ratio 27:73. As both of these 
isomers are semicyclic dienes, and as there is no evidence or probability of any difference in 
absorption spectra in the two isomers, they can be classed without qualification with the semi- 
cyclic dienes and the absorption provisionally attributed to the major constituent (XVIII). 

1-Methyl-A*'4-cyclohexadiene.—The method of preparation was that of Harries (A nnalen, 1913, 
395, 253): 1-methylcyclohexan-4-ol was dehydrated with zinc chloride to give 1-methylcyclo- 
A’-hexene, which was collected at 102—105°/760 mm. The product was brominated in acetic 
acid to give the dibromide, which was distilled and collected at 92—100°/12 mm. On heating in 
a sealed tube with alcoholic trimethylamine (63—70°; 24 hours), the unsaturated quaternary 
ammonium bromide was obtained after separation of trimethylammonium bromide. The 
concentrated oily mother-liquor was shaken with silver oxide suspended in water, and the 
filtered liquid concentrated under reduced pressure and then distilled at normal pressure. The 
aqueous distillate was ether-extracted, and the extracted material redistilled (b. p. 94—106°), 
the product being finally distilled over metallic sodium. The absorption spectra of the fractions 
in alcoholic solution all showed a single absorption band at 2580—2600 a., the fraction having 
the highest intensity giving e,,,,, = 4,910. 

a-Terpinene (XIII).—The material was prepared by dehydration of terpineol with aqueous 
oxalic acid (Wallach, Annalen, 1893, 275, 107; Goodway and West, this vol., p. 702), the terpene 
being separated by steam-distillation followed by fractional distillation at atmospheric pressure. 
The absorption spectra of the fractions indicate that they are qualitatively different : 

Wt., An. Wt., Amex, 
B. p. A A. " B. p. g- A. & 
Crude product _ 2500 Fraction 4 178—179° 20-0 2535 3230 
Fraction 1 § 171—176° 2-5 2620 » 6 179-180 105 2490 3160 
176—177 20 2600 Residue _ 24-5 2440 3520 
177—178 25-5 2560 

The most intensely absorbing fraction had 2,,, 2620 a., « = 3630, but in view of the results 
obtained by Dupont, Levy, and Marot (Bull. Soc. chim., 1933, 58, 393), as well as from the rela- 
tively low intensity of absorption, it seems clear that this sample was far from pure. These 
workers thoroughly investigated the composition of the a-terpinene obtained by dehydration of 
terpineol, commencing with 6 1. of the starting material and fractionating through a 2-m. column. 
They concluded that the crude a-terpinene contains some 40% of 1 : 4-cineole, together with 
appreciable quantities of dipentene, y-terpinene, and terpinolene, as well as minor constituents 
which were not completely separable even under such good conditions. It is noteworthy that 
a-terpinene appears to be the only important constituent of the mixture exhibiting intense light 
absorption at wave-lengths longer than about 2200 a., so the absorption spectrum gives a measure 
of the relative amount of this terpene present in various fractions. In view of the technical 
difficulties in obtaining purer material we did not proceed further and the maximum intensity 
recorded here is therefore only a minimal value. 

A-*:8®)_ Normenthadiene (XIX).—This was prepared from hexahydrobenzoic acid (cf. Matsu- 
bara and Perkin, J., 1905, 87, 661). The acid was converted into the acid chloride with phos- 
phorus pentachloride and this was brominated to give the 2-bromo-compound, which was then 
converted into the ethyl ester by treatment with absolute alcohol. The bromo-ester (b. p. 98— 
103°/16 mm.) was heated with diethylaniline to remove hydrogen bromide, and the distilled 
product treated with methylmagnesium iodide (4 mols.). After treatment with dilute sulphuric 
acid and ether extraction, the crude diene exhibited selective absorption at 2360 a., « = 3000 
approx. Five fractionations (the last three over sodium) yielded a product having b. p. 162— 
162-5°/770 mm. This specimen of the diene gave a single absorption band of good persistence, 
with a maximum at 2420 a., « = 9,550. 


The authors are very pleased to acknowledge the gift of several pure specimens of terpenes 
from Dr. T. F. West and the Directors of Messrs. Stafford, Allen & Co. of London. 
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270. The Interaction of n-Butyl Alcohol and the Chlorides and Oxy- 
chloride of Phosphorus in the Absence and in the Presence of Pyridine. 


By WILLIAM GERRARD. 


In continuation of recent work (this vol., p. 218), it is now shown that the pro- 
duction of »-butyl chloride by reaction of the alcohol with the chlorides and oxy- 
chloride of phosphorus in absence of pyridine is due to the interaction of hydrogen 
chloride and n-butyl-phosphorous or -phosphoric esters produced, and not to spontaneous 
decomposition of the m-butyl chlorophosphites and chlorophosphates. Pyridine 
inhibits this action of hydrogen chloride and facilitates the formation of the tri-n-butyl 
esters, which by the action of excess of the phosphorus reagent are converted into the 
corresponding chloro-esters. The chlorophosphites PCl(OBu), and PCl,-OBu do not 
react with pyridine at temperatures up to 100°, whereas -butoxyphosphoryl dichloride 
reacts below 0° and the monochloride at 100°, giving rise to butyl chloride and 
phosphorus—pyridine compounds. 


THE formation of optically active «-chloroethylbenzene by the interaction of /-phenyl- 
methylcarbinol and phosphorus trichloride in the absence (McKenzie and Clough, J., 
1913, 103, 687) and in the presence of pyridine (Kenyon, Phillips, and Taylor, J., 1931, 
382) has been assumed by the latter investigators to take place by the formation and 
decomposition of an intermediate chlorophosphite, PCl,,OR or PCI(OR)C;H;NCl. The 
corresponding chlorophosphates, POCI,-OR, POCI(OR)C,H,NCI, and the chlorophasphites 
and chlorophosphates of ethyl /-mandelate (Kenyon, Lipscomb, and Phillips, J., 1931, 
2275) are also assumed to be intermediates in the formation of the chloride, RCl. The 
only evidence submitted in support of this view is based on analogy. 

Kenyon, Phillips, and Taylor (loc. cit.) found that pyridine used in conjunction with the 
chlorides and oxychloride of phosphorus gave a greater yield of the desired chloride, RCI, 
and Wagner-Jauregg (Helv. Chim. Acta, 1929, 12, 61) obtained a similar result with methyl 
dl-mandelate, and Boyd and Ladhams (J., 1928, 215) considered pyridine to be a necessary 
factor in the formation of the diaryloxyisopropyl chlorides by the agency of phosphorus 
oxychloride. On the other hand, Houssa and Phillips (J., 1932, 108) found that pyridine 
almost completely inh.vited the formation of 6-chloro-octane by the agency of the tri- 
chloride and the oxychloride of phosphorus. It is therefore desirable to preface experi- 
ments on optically active material by an examination of the action of these reagents upon 
n-butyl alcohol. 

Milobendzki and Sachnowski (Chem. Polski, 1917, 15, 34) realised the reactions 
P(OBu), + HCl—> P(OBu),°OH + BuCl and P(OBu),-OH + HCl1—> P(OH),-OBu + BuCl, 
and it is now shown that addition of phosphorus trichloride to n-butyl alcohol in the cold, 
with removal of as much hydrogen chloride as possible by a stream of carbon dioxide, 
resultedin the formation mainly of di-n-butyl hydrogen phosphite andsomem-butyl chloride, 
whereas agitation by a current of hydrogen chloride diminished the yield of the former 
and increased that of the latter. Addition of the alcohol to excess of phosphorus trichloride 
yielded chiefly n-butoxyphosphorus dichloride and other phosphorus compounds, but little 
butyl chloride. The general effect of increasing the proportion of alcohol was to decrease 
the total amount of alkyl phosphorus compounds and modify their relative proportions. 
This result is in accordance with that of Walker and Johnson (J., 1905, 87, 1592), who 
found that ‘‘ when only one mol. of alcohol (Me, Et, Pr) was added to phosphorus tri- 
chloride, scarcely, any alkyl chloride was produced.” They showed that addition of a 
second mol. of alcohol yielded 1-1, 0-87, and 0-75 mols. respectively of the alkyl chloride, 
and for 3 mols. of alcohol the respective values were 1-5, 1-0, and 1-6 mols. 

Further, it is concluded that the production of n-butyl chloride by means of phosphorus 
trichloride is essentially due to the interaction of hydrogen chloride with tri-n-butyl 
phosphite or di-n-butyl hydrogen phosphite, at least below 150°, and not to the decom- 
position of the chlorophosphites PCl(OBu), and PCl,,OBu. These chloro-esters were 
obtained by the addition of the correct amounts of phosphorus trichloride to tri-n-butyl 
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phosphite. The interaction of the alcohol and phosphorus oxychloride may be similarly 
explained. 

Addition of an ethereal solution of phosphorus trichloride (1 mol.) to an ethereal solution 
of the alcohol (3 mols.) and pyridine (3 mols.) at — 10° resulted in the immediate precipit- 
ation of pyridine hydrochloride and the quantitative occurrence of the reactions PCl, + 
3Bu0OH + 3C;H;N —> P(OBu), + 3C;H;N,HCl, a similar result being obtained by 
reversing the order of addition. Further addition of the trichloride to such a reaction 
mixture most probably produced the chlorophosphites as mentioned above; but no butyl 
chloride was isolated when the product was heated with or without the addition of more 
pyridine. Pyridine or its hydrochloride did not produce n-butyl chloride from the chloro- 
phosphites at temperatures up to 100°. 

With phosphorus oxychloride the reaction POC], + 3BuOH + 3C;H;N —> PO(OBu), 
+ 3C;H,;N,HCI occurred; but further addition of the oxychloride, followed by heating 
in the presence of pyridine or its hydrochloride, gave rise to some n-butyl chloride, a result 
explained by observations on the chlorophosphates themselves. n-Butoxyphosphoryl 
dichloride reacted readily with pyridine at 0°, vigorously above this temperature, forming 
n-butyl chloride and a solid mixture of pyridine-phosphorus compounds possibly of the 
types (I}—(IV), whereas di-n-butoxyphosphoryl chloride reacted rapidly with pyridine at 


O 0 qd 
Bu0—P—cl obo 6—P< Nc H, C;H,N(Bu)-OPCl, 
Cl NCH, + Nc, + c,H, 
(I.) (II.) (III.) (IV.) 


100°, producing a theoretical yield of »-butyl chloride and a water-soluble gum, possibly 
(V). This difference in behaviour between the chlorophosphites and chlorophosphates 
would appear to be due to co-ordinately linked oxygen (VI). 


o oO O 
(v.) BuO— =, cf nc (VI.) 


Bu tou, Bu 
+ 
n-Butoxyphosphoryl dichloride when refluxed with pyridine hydrochloride at 100° 
yielded n-butyl chloride and a crystalline mixture of unchanged pyridine hydrochloride 
and C;H;N,P(OH)OCI,; and di-n-butoxyphosphoryl chloride behaved similarly. 
Phosphites and phosphates were produced by the addition of the appropriate chloro- 
ester to an ethereal solution of alcohol and pyridine : 


PCI,-OBu + 2Bu0H + 2C,H,N —> P(OBu), + 2C,H,N,HCl 
POCI,-OBu + 2EtOH + 2C,H,N —> PO(OEt)(OBu), + 2C,H,N,HCI. 


EXPERIMENTAL. 


The weights of residues (which decomposed when attempts were made to continue the 
distillation) are given to account for as much of the total mass as possible. In certain experi- 
ments the residue represents part of the mass which could not have been »-butyl chloride. The 
composition of some of the less important fractions is given as probable because the production 
of fractions approaching constant composition was very slow, owing to the nearness of b. p. 
and/or incipient interaction of the constituents. The probable composition is based on analytical 
tests. 

Interaction of n-Butyl Alcohol and Phosphorus Trichloride.—Expt. 1. The alcohol (37 g., 
1 mol.) was added dropwise to the trichloride (100 g., 1-5 mols.), agitated by a stream of dry 
carbon dioxide and kept at — 10°. After being at 16° for 1 hour, the mixture was kept under 
reduced pressure (water-pump) for 2 hours, and then on distillation it yielded »-butoxyphos- 
phorus dichloride (63 g., 71%), b. p. 56°/14 mm., di 1-1801 (Found: Cl, 40-7. Calc. for 
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PCl,°OC,H,: Cl, 40-6%), impure di-n-butoxyphosphorus chloride, b. p. 90—116°/14 mm. (8 g.), 
and dibutyl hydrogen phosphite (3 g.), b. p. 122—125°/14 mm. 

Expt. 2. The alcohol (37 g., 1 mol.), added to the trichloride (44-7 g., 0-65 mol.) asin Expt. 1, 
gave a colourless product, difficult to fractionate, from which u-butoxyphosphorus dichloride 
(21-4 g.), b. p. 58—61°/15 mm. (Found : Cl, 40-2%), a fraction of b. p. 90—113°/14 mm. (12-3 g.), 
dibutyl hydrogen phosphite (4-5 g.), b. p. 120—125°/13 mm., and a residue (3-1 g.) were obtained. 
Fractionation of the middle fraction was unsatisfactory, but half of it distilled between 90° and 
110°/13 mm. and was impure di-n-butoxyphosphorus chloride (Found: Cl, 16-0; P, 15-5. 
C,H,,0,CIP requires Cl, 16-7; P, 146%) (see below). 

Expt. 3. The alcohol (37 g., 1 mol.) added to the trichloride (34-4 g., 0-5 mol.) gave the 
same products in different proportions, 10 g., 9-2 g., 20 g., and 2-1 g. 

Expt. 4. When the trichloride (23 g., 1 mol.) was added to the alcohol (37 g., 3 mols.), agitated 
by carbon dioxide, n-butyl chloride (10 g.), b. p. 77:5°, di-n-butyl hydrogen phosphite (28 g.), 
b. p. 126—127°/18 mm., di 0-9916, ni® 1-4270 (Found: P, 16-1. Calc. for C,H,,0,P: 
P, 16-0%), and a residue (5 g.) were obtained. 

Expt. 5. The trichloride (9-2 g., 1 mol.), added to the alcohol (14-8 g., 3 mols.) agitated by dry 
hydrogen chloride, yielded n-butyl chloride (7-8 g.), b. p. 77:5°, dj%° 0-8874, di-n-butyl hydrogen 
phosphite (7-5 g.), b. p. 122°/13 mm., dj? 0-9852 (Found: P, 16-1. Calc.: P, 16-0%), and 
residue (4-4 g.) having the properties of the dihydrogen phosphite. . 

Interaction of n-Butyl Phosphite and Phosphorus Trichloride—Expt. 1. The trichloride 
(13-8 g., 2 mols.) was added to the phosphite (12-5 g., 1 mol.) at room temperature. The colour- 
less product was then heated at 50° for 1 hour and distilled. -Butoxyphosphorus dichloride 
(21 g., 80%), b. p. 56°/14 mm. (Found: Cl, 40-6%), and a residue (3-5 g.) were obtained. 

Expt. 2. Addition of the trichloride (7 g., 1 mol.) to the phosphite (25 g., 2 mols.), followed 
by standing at room temperature for 48 hrs., gave a colourless product which yielded: F.1 
(7-0 g.), b. p. 60—95°/16 mm.; F.2 (14-9 g.), b. p. 95—106°/16 mm.; F.3 (3-3 g.), b. p. 106— 
112°/16 mm., and a residue (3-1 g.), oil-bath at 170°. F.2 yielded di-n-butoxyphosphorus 
monochloride (14-1 g.), b. p. 99—102°/12 mm. (Found: Cl, 16-7; P, 14-9. Calc. for C,H,,0,CIP: 
Cl, 16-7; P, 14.6%). F.1 was mainly the dichloride, and F.3 appeared to be a mixture of the 
monochloride and phosphite. Increasing the proportion of the trichloride neennes in an 
increase in F.1 and a corresponding decrease in F.2 and F.3. 

n-Butyl Alcohol and Phosphorus Oxychloride.—The alcohol (20 g., 1 mol.) was abtet drop- 
wise to the oxychloride (60 g., 1-45 mols.), agitated by dry carbon dioxide at — 5°. The colour- 
less product, after standing overnight at room temperature, yielded n-butoxyphosphoryl dichloride, 
C,H,O-POCI, (41 g., 80%), b. p. 90°/17 mm., 85°/13 mm., d}° 1-2711, d?" 1-2560, np” 1-4453 
(Found: Cl, 36-2. C,H,O,Cl,P requires Cl, 36-3%), and a residue (8-3 g.). 

The product obtained by heating on a steam-bath for 1 hour a mixture of tri-n-butyl phos- 
phate (5-32 g., 1 mol.) and phosphorus oxychloride (6-2 g., 2 mols.) gave m-butoxyphosphoryl 
dichloride (2 g.) and a residue (decomp. 150°). The phosphate (5-3 g., 1 mol.) and oxychloride 
(1-53 g., 1 mol.) gave 2 g. of impure di-n-butoxyphosphoryl chloride, b. p. 126—135°/16 mm. 
(Found: Cl, 15-9. C,H,,0,CIP requires Cl, 15-5%) (see below). The passage for 2 hrs. of dry 
hydrogen chloride into tri-n-butyl phosphate (26-6 g.) at room temperature, followed by dis- 
tillation, gave a liquid, b. p. 60—90°, from which, by treatment with water, n-butyl chloride 
(8-3 g.), b. p. 77-5°, d20° 0-8854, was obtained. 

Di-n-butoxyphosphoryl Chloride.—A slow stream of dry chlorine was passed into tri-n-butyl 
phosphite (17-8 g.) at — 10° until the correct increase in weight had occurred for the reaction 
P(OBu), + Cl, —> BuCl + POCIK(OBu),. The chloride (14-1 g., 86%), b. p. 132—133°/15 mm., 
di 1-0822, a3?" 1-0680, n}* 1-4335 (Found : Cl, 15-6. Calc.: Cl, 15-5%), and a residue (1-8 g.) 
were obtained. By distilling the primary product first at ordinary - seacyrenies n-butyl chloride 
(4-8 g.), b. p. 77—78°, d 0-8829, was also obtained. 

Use of Pyridine in the Preparation of Phosphites and Pheephater«sPreseduet. An ethereal 
solution of the appropriate chloride was added slowly to an ethereal solution of the alcohol and 
pyridine at — 10°, the mixture being well shaken. (Dry ether was used throughout.) Precipit- 
ation of pyridine hydrochloride commenced immediately. The final mixture was rapidly 
filtered off, and the hydrochloride washed with ether, put in a vacuum for 2 hrs., weighed, and 
analysed without further treatment. Yields were practically theoretical, the chlorine content 
varied from 29-9 to 30-5% (Calc.: Cl, 30-7%), and steam-distillation yielded the appropriate 
amount of pyridine (Found, for one specimen: C,;H,N, 68-2. Calc.: 684%). 

Tri-n-butyl phosphite. Phosphorus trichloride (45-8 g., 1 mol.), »-butyl alcohol (74 g., 
3 mols.), and pyridine (79 g., 3 mols.) produced this phosphite (75-5 g., 91%), b. p. 122°/12 mm., 
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ad 0-9259 (Found: P, 12-6. Calc. for C,,H,,O,P: P, 12-4%), and a residue (6 g.). Addition 
of the alcohol and pyridine to the trichloride gave a similar result. 

Tri-n-butyl phosphate. Phosphorus oxychloride (51-2 g., 1 mol.) and the foregoing quantities 
of alcohol and pyridine afforded the phosphate (68 g., 79%), b. p. 154°/10 mm., di?° 0-9824, 
ad 0-9761, nj" 1-4294 (Found: P, 11-63. Calc. for C,,H,,O,P: P, 11-65 %) and a residue 
(12 g.). The ‘rate of precipitation of pyridine hydrochloride was slower than in the preceding 
experiment. The same phosphate (6-5 g., 90%) was produced when di-n-butoxyphosphoryl 
chloride (6-2 g., 1 mol.) was added to n-butyl alcohol (2-0 g., 1 mol.) and pyridine (2-15 g., 1 mol.) 
as described; precipitation of the hydrochloride (2-8 g.; Cl, 30-4%) was again slow. 

Diethyl n-butyl phosphate. n-Butoxyphosphoryl dichloride (9-5 g., 1 mol.), added to ethyl 
alcohol (4-6 g., 2 mols.) and pyridine (7-9 g., 2 mols.), gave this compound (6-8 g.), b. p. 123°/15 
mm., dj" 1-0340 (Found: P, 15-0. C,H,,0,P requires P, 14-8%), and a residue (2-1 g.). 

Interaction of Pyridine and the Chloro-esters of Phosphoric and Phosphorous Acids.—Expt. 1. 
n-Butoxyphosphorus dichloride. Pyridine (4 g., 1 mol.) was added to the chloride (8-8 g., 1 mol.) 
at — 10°; there was no evolution of heat, and the liquid could be removed immediately from the 
cooling bath without becoming warm. A small amount of white solid separated. Addition 
of a further portion of pyridine (4 g.) at room temperature, followed by heating at 100° for 0-5 hr., 
produced no signs of reaction. The colourless supernatant liquid was then decanted from the 
solid (1-8 g.) and poured on ice, which was rapidly melted. Ether was added. The water 
contained 2-55 g. of chloride ion; but from the ethereal solution, no butyl chloride could be 
isolated. The solid (1-8 g.) dissolved rapidly in water with much heat evolution, gave 0-42 g. 
of chloride ion, and 2-0 g. of n-butylpyridinium ferrocyanide (Found: Fe, 10-9. Calc.: Fe, 
10-7%). Hence of the 3-55 g. of chlorine in the system, 2-97 g. were estimated as the ion. 

Expt. 2. The chloride (8-8 g.) and pyridine (4 g.), mixed as described, after 4 days at room 
temperature deposited about 2 g. of white solid. Ether was added, and the colourless ethereal 
solution was poured into an ethereal solution of -butyl alcohol (7-4 g., 2 mols.) and pyridine 
(4 g., 1 mol.) at — 5°. Pyridine hydrochloride (9-8 g.; calc. from pyridine used, 12-4 g.) was 
precipitated, and from the ethereal filtrate, tri-n-butyl phosphite (9-8 g.), b. p. 125°/16 mm., 
dif 0-9324, d33° 0-9247, nif 1-4339, was obtained. 

Expt. 3. Di-n-butoxyphosphorus chloride. The chloride (2-13 g., 1 mol.) was added to 
pyridine (1-58 g., 2 mols.) at — 5°; a slight precipitate (0-033 g. of Cl) was formed, and but 
little heat was developed. After 1-5 hrs. at room temperature, the liquid was decanted, and 
heated at 100—102° for 0-5 hr. The colourless liquid was added to n-butyl alcohol (0-74 g., 
1 mol.) in ether at — 10°; pyridine hydrochloride (0-9 g.) was precipitated. Hence, no butyl 
chloride could have been formed. 

Expt. 4. n-Butoxyphosphoryl dichloride. This chloride (19-1 g., 1 mol.) was added rapidly to 
pyridine (15-8 g., 2 mols.) at — 10°; no precipitate was formed, but when, 30 mins. later, the 
temperature had risen to 0°, a white crystalline solid began to form rapidly. At 3°, 5 mins. 
later, the mass was nearly solid. It was crushed under dry ether (50 c.c.), and the liquid filtered 
and placed in a vacuum for 1 hr.; the resulting pasty solid weighed 21:0 g. The aqueous 
extract of the ethereal solution contained no chloride ion, but yielded on steam-distillation 
4-55 g. of pyridine. From the ethereal solution, -butyl chloride (2-9 g.), b. p. 77°, d%" 0-8840, 
was obtained. The solid dissolved completely in water, evolving much heat and giving a 
colourless solution. Steam-distillation from sodium hydroxide solution gave pyridine (Found : 
C,H sN, 40-0%), and left a black oil, which solidified on cooling. Estimation of phosphorus in 
the primary aqueous solution gave P, 10-9%; after refluxing with concentrated hydrochloric 
acid, P, 14-2%. 

Expt. 5. The reaction mixture produced at 0° as in Expt. 4 was heated at, 100° for 45 mins. 
There were two liquid layers, a colourless upper one which refluxed, and a yellow lower one 
which contained a white solid. The liquid layers were decanted from the solid (S.1); the lower 
layer became solid (S.2) on being cooled. Ether was added to both, decanted, and extracted 
with water; this extract contained no chloride ion, but yielded 2-56 g. of pyridine, and from the 
ethereal solution -butyl chloride (2-5 g.), b. p. 77°, d2%" 0-8847, was obtained. After being ina 
vacuum for 1 hour, the solids weighed (S.1) 5-9 g. (Found: C,H,N, 41-6; Cl, 18-8; P, 14:8%, 
after hydrolysis with hydrochloric acid); (S.2) 18-0 g. (Found: C,H,N, 38-0; Cl, 18-7; P, 
12-7%). The primary solid (S.1 + S.2) softened at 75°, was completely molten at 110°, showed 
no sign of decomposition at 130°, and on cooling dissolved completely in water. 

Expt. 6. Repetition of Expt. 4, but with addition of water to the primary product, led to 
isolation of #-butyl chloride (2-6 g.), b. p. 77°, di?” 0°8845. 

Expt. 7. The mixing was effected as in Expt. 4, but the clear reaction mixture was immedi- 





1468 The Interaction of n-Butyl Alcohol and the Chlorides, etc. 


ately removed from the cooling bath, whereupon in 3 mins. heat began to develop rapidly, and 
a vigorous reaction occurred lasting for 1 min. A colourless liquid refluxed, and a white solid 
separated. The results were essentially the same as for Expt. 4. 

Expt. 8. Di-n-butoxyphosphoryl chloride. The chloride (11-5 g., 1 mol.), and pyridine (7-9 g., 
2 mols.) at — 10° afforded a mixture which showed no sign of reaction even after 45 mins. at 
room temperature. On being slowly heated, the liquid remained clear and colourless until, 
at 100° (30 mins.), two layers were rapidly formed. After being at 100—105° for 10 mins., 
the mixture was cooled. The aqueous extract of the colourless supernatant liquid, decanted 
from the thick gum, contained no chloride ion, 5-1 g. of pyridine, and 0-28 g. of phosphorus as 
phosphate. m-Butyl chloride (4-1 g.), b. p. 76—77°, d?" 0-8845, and a residue (2 g.) were obtained 
from the extracted liquid. The gum (4-4 g.) [Found: Cl, a trace; P, after hydrolysis, 17-7; 
C;H,N, 23-3. C,H,;N,P,0O,(OC,H,), requires P, 17-7; C;H;N, 22-6%] dissolved slowly in water 
with but little heat effect. During the steam-distillation of the pyridine, a black non-volatile oil 
was formed. The aqueous solution gave only a slight precipitate with magnesia mixture, but 
gave a copious one after being refluxed with concentrated hydrochloric acid. 

Pyridine Hydrochloride and the Chloro-esters.—n-Butoxyphosphorus dichloride (8-8 g., 1 mol.) 
and pyridine hydrochloride (5-3 g., 1 mol.) did not react at room temperature, but after 1-5 hrs. 
on a steam-bath the hydrochloride formed a paste (with an orange tint owing to the usual trace 
of impurity), which set to a hard mass on being cooled. The product was crushed under ether, 
and the ethereal solution decanted from the solid (S) into an ethereal solution of »-butyl alcohol 
(7-4 g., 2 mols.) and pyridine (7-9 g., 2 mols.) at — 5°; there were isolated pyridine hydrochloride 
(10-2 g.) and tri-v-butyl phosphite (10-9 g.), b. p. 127—128°/18 mm., d?" 0-9266, ni 1-4321. 
The solid (S) weighed 5-5 g. (Found: Cl, 30-4%). 

n-Butoxyphosphoryl dichloride (11-0 g.) and pyridine hydrochloride (9-5 g.) gave two liquid 
layers at 100°, and butyl chloride refluxed. After 2 hrs. at this temperature, and cooling, the 
product consisted of a hard white crystalline mass and a colourless liquid. The latter was 
decanted, and the solid was crushed under ether which was then decanted and added to the 
liquid. The solid, after being in a vacuum for 2 hrs., weighed 14-4 g. (Found: Cl, 29-4; P, 
10-6; C,H,N, 43-0%) and appeared to be, a mixture of C,H,N,POCI,(OH) (73-6%) and pyridine 
hydrochloride (26-4%). An aqueous extract of the ethereal solution contained 0-0469 g. of 
chloride ion; whereas from the ether, ”-butyl chloride (2-3 g.), b. p. 77°, was obtained. 

Tri-n-butyl Phosphate and Phosphorus Oxychloride——The oxychloride (7-7 g., 1 mol.) was 
added to the phosphate (26-6 g., 2 mols.) at 16°, and the mixture kept at 16° for 48 hrs. 11-4G. 
of the product [1 mol. calc. as POCI(OBu),] were added to an ethereal solution of ethyl alcohol 
(2-3 g., 1 mol.) and pyridine (3-95 g., 1 mol.); there resulted pyridine hydrochloride (4-9 g.) and 
chiefly a mixture of ethyl dibutyl and diethyl butyl phosphates, b. p. 130—145° (Found: P, 
140%). 

A second portion of 11-4 g. was added to pyridine (7-9 g., 2 mols.) at — 5°, and the clear 
supernatant liquid, decanted from the primary white precipitate, separated into two layers 
precisely at 100—101°. The upper layer gave, on treatment with water, only a trace of chloride 
ion, but 2-1 g. of n-butyl chloride. The lower layer, a gum, dissolved slowly but completely in 
water and gave only a trace of chloride ion. 

A third portion of 11-4 g., heated with pyridine hydrochloride (5-8 g.) for 2 hrs. at 100—105°, 
yielded 3-5 g. of n-butyl chloride, b. p. 77°. S 

A mixture of the phosphate (26-6 g., 1 mol.) and the oxychloride (30-7 g., 2 mols.) was kept 
for 48 hrs. at 16°, and two portions, each of 19-1 g. (1 mol. calc. as POCI,-OBu), were treated as” 
follows. One was added to an ethereal solution of ethyl alcohol (9-2 g., 2 mols.) and pyridine 
(15-8 g., 2 mols.), yielding pyridine hydrochloride (22-5 g.) and chiefly a mixture of diethyl 
butyl and triethyl phosphates (Found: P, 16-2%). The second, mixed with pyridine (15-8 g.) 
at — 5°, behaved as did »-butoxyphosphoryl dichloride. These mixed phosphates were not 
purified further because fractionation was extremely slow. These experiments serve to show 
that the oxychloride and tri-n-butyl phosphate do not yield butyl chloride at room temperature, 
but give a mixture of unchanged reagents and a proportion of chloro-esters depending upon the 
ratio of the amounts of reagents. 

Action of Heat on the Chloro-esters.—n-Butoxyphosphorus dichloride (14-0 g.) was heated at 
180—200° for 1 hr. (cf. Menschutkin, Amnalen, 1866, 139, 343), and the colourless product dis- 
solved in ether and added to an ethereal solution of ethyl alcohol (7-4 g., 2 mols.) and pyridine 
(12-6 g., 2 mols.), whereupon pyridine hydrochloride (17-6 g. Calc.: 18-4 g.) was precipitated. 

n-Butoxyphosphory] dichloride (9 g.) decomposed vigorously at about 150°, giving 1-8 g. of 
a colourless distillate which was strongly acid and dissolved for the most part in water, giving 
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chloride and phosphate ions. No butyl chloride could be isolated from the small amount of 
insoluble liquid. The residue in the distillation flask dissolved in water. 

n-Butyl Alcohol and Phosphorus Pentachloride in Presence of Pyvidine.—The finely powdered 
pentachloride (10-4 g., 1 mol.) was added slowly at 0° to n-butyl alcohol (15 g., 4 mols.) and 
pyridine (15-8 g., 4 mols.) in ether (20c.c.). Reaction was very slow, so the mixture was boiled 
for 1 hr. and then filtered. The white precipitate (16 g.) was contaminated with pale yellow 
particles of the pentachloride (Found : Cl, 39-6; C,H,N, 50-0%, indicating PC1,,30; C;H,N,HCI, 
70%); from the ether, unchanged n-butyl alcohol (6 g.), »-butyl chloride (2 g.), pyridine, and 

n-butyl phosphate were obtained. 
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271. Sapogenins. Part X. The Carbon Skeleton and the Position 
of the Second Hydroxyl Group of Quillaic Acid. 
By Puitip BiruaM and GeorceE A. R. Kon. 


Surface-film measurements show that the second hydroxyl group of quillaic acid, 
OH”, which had previously been shown to be attached to a carbon atom adjacent to 


the quaternary carbon atom carrying the carboxyl group, is situated on C,, in ring D 4 
and it can be inferred that the carboxyl group must be attached to C,, at the junction 
of rings D and E. 4) 
Deoxyquillaic acid, in which the aldehyde group of quillaic acid has been reduced / 

to methyl, has been converted into a hydrocarbon C,,H,,, which is evidently a stereo- | 
| 


isomeride of Winterstein and Stein’s oleanene II (Z. physiol. Chem., 1931, 202, 222), : 
from which it differs by the tvans-locking of rings D and E. This has been converted 
into oleanene III (Winterstein and Stein, Annalen, 1933, 502, 223), thus proving that i 
the carbon skeleton of quillaic acid must be identical with that of oleanolic acid and a 
gypsogenin. The formation of the new hydrocarbon is explained by assuming cis- | 
locking of rings D and E in all these acids. 






It was shown by Elliott, Kon, and Soper (this vol., p. 612) that one of the hydroxyl groups 
of quillaic acid, OH®, occupies a position 6 with respect to the carboxyl group, which is 
attached to a quaternary carbon atom. On the assumption that the carbon skeleton of 
quillaic acid is similar to that of gypsogenin the formula (1) was put forward, the two altern- 
ative positions of OH® being C,, and C,,: 
















SS 





| 

| 

R 

i{ 

O a 

! 

O,Me Bs | 

Ye 4 

} | 

a) (II.) (III.) | 


It is a matter of some difficulty to decide between the two possible positions of OH® 
by purely chemical means, although such a decision could be made on the basis of Blanc’s 
rule; a dibasic acid produced by the opening of the oxgyen-containing ring should form a . 
ketone on pyrolysis if the ring is terminal, but only an anhydride if the ring is B, C, or f 
D. Apart from the difficulties encountered in attempting to open the oxygenated ring i 

| 


in the ester (II; R = H) (Kon and Soper, unpublished work), this method is not suitable 

for eliminating other possible, though less likely, positions of OH, such as those marked_ | 
with asterisks in formula (I). Measurements of unimolecular films of the appropriate | 
ketone or alcohol should, however, readily afford the required information, since large i | 
differences in limiting area are found, for example, in isomeric cholestanones and Z| 
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cholestanols differing by the position of the oxygen atom (compare Adam, Askew, and 
Danielli, Biochem. J., 1935, 29, 1786). 

- The ketone (III; R = H), a degradation product of quillaic acid in which the oxygen- 
containing groups in ring A and the carboxyl group have been eliminated, did not give a 
satisfactory film. The corresponding alcohol derived from deoxyquillaic acid (R = Me) 
proved to be suitable; it was chosen because the oxidation of methyl quillaate to the 









diketo-ester is attended with difficulty, 


28 Te 74-0 sad. 190 whereas methyl deoxyquillaate gives an 
a tan Ys 90-5 2S cna?! 480 excellent yield of the diketo-ester. The 

247 1’ carbonyl group in ring A is reduced by 
Millivolts 460 = Clemmensen’s method and the monoketo- 

2043103" 150% ester (II; R= Me) is hydrolysed to the ketone 





(III; R= Me), m.p. 220—222°. An isomeric 
ketone, m. p. 160—161°, is also formed in 
varying amounts and differs from the 


strongly levorotatory principal product in 
4/00 being feebly dextrorotatory. Reduction of 
8+280 the high-melting ketone with sodium in 
alcohol gives the corresponding secondary 
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4 F alcohol, which may be termed the 6- 
epimeride. 

0 . . ————.__} The alcohol is soluble in 5 : 2 benzene— 
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S.A alcohol and is deposited from this solution 
am on n/100-hydrochloric acid, forming a liquid, 
readily compressible film. This is moderately stable, withstanding pressures up to 8 
dynes/cm. The limiting area found by extrapolation of the force-area curve to zero 
compression is 74 sq. A. and the value of pw at this area is 298 E.S.U. x 10°! (see 
figure). 
Examination of scale models gives the following values for the minimum areas on the 
assumption that the dipole (OH group) is vertical : 


Position of OH group. Locking of rings D/E. trans. cis. 
On C,, (= C, in sterols 47 sq. A 49-5 
” Cy, (= Cy ” 78 ” 92 
” Ci, (= C, ” ) 83, 86 


The value observed clearly excludes a hydroxyl on Cy, (in ring E), but agrees well with a 
hydroxyl on C,, and a trans-locking of rings D and E; the latter point is further discussed 
below. The compound is thus analogous to 6-cholestanol and the values for » for the two 
compounds are almost identical. The limiting area for 6-cholestanol is only 48 sq. A., 
but the presence of an additional ring in place of the flexible side chain and also of the gem- 
dimethyl group accounts for the larger area in the triterpene derivatives. 

The evidence also appears to exclude other possible positions of the hydroxyl, such as 
C,, and Cg, which are analogous to C, in the sterols. This point is of considerable import- 
ance, because it constitutes the first proof that the carboxyl group of quillaic acid, which is 
attached to a carbon atom adjacent to the hydroxyl-bearing carbon atom, must necessarily 
be situated at the junction of rings D and E, a position first suggested (for acids of the 
gypsogenin group) by R. D. Haworth (Amn. Reports, 1937, 327 et seq.). It is hoped to 
support this conclusion by further measurements on suitable compounds. 

In view of these considerations it appeared to be of special interest to link up the 
carbon skeleton of quillaic acid with that of other known triterpenes. It has already 
been shown that the keto-ester (II ; R = H) could be reduced by the Kishner—Wolff method, 
with the simultaneous elimination of the carbomethoxy-group,-to a well-defined hydrocarbon 
CygHy, (Kon and. Soper, this vol., p. 1335). The corresponding ester derived from de- 
oxyquillaic acid (II; R = Me) has now been similarly reduced to a hydrocarbon CygHys, 
m. p. 193—193-5°. Since the keto-ester is obtained from the diketo-ester by reduction 
by Clemmensen’s method, which is known to cause isomerisation in some cases (compare 
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Winterstein and Stein, Annalen, 1933, 502, 223), the parent diketo-ester was reduced 
by the Kishner—Wolff method and gave an equally good yield of the same hydrocarbon ; 
and the same compound was also obtained both from the levorotatory ketone (III; R = 
Me) and from its dextrorotatory isomeride, in each case in almost quantitative yield. 

The properties of the hydrocarbon, except for its lower rotation, suggested that it might 
be identical with oleanene II (Winterstein and Stein, Joc. cit.; Z. physiol. Chem., 1931, 202, 
222), especially since Todd, Harris, and Noller (J. Amer. Chem. Soc., 1940, 62, 1624) have 
converted echinocystic acid, which is closely related to, or identical with, deoxyquillaic 
acid, into oleanene III.* The method used by the American authors is similar to that 
described above, except that the reduction of the ketone (norechinocystenone) was carried 
out by the Clemmensen method; and the previous work of Winterstein and Stein had 
already established that oleanene II passes into oleanene III under these conditions. 
Oleanene II was easily obtained by a variant of the method of Winterstein and Stein : 
oleanolic acid was heated with copper bronze, giving a good yield of oleanone (this reaction 
was first tried by Winterstein and Hammerle, Z. physiol. Chem., 1931, 199, 56, who noted 
the formation of a crystalline product, but did not identify it) and this was reduced to 
oleanene II by the Kishner—Wolff method : 


Ries see, Xs RO, cea 


+ H, + CO, > 


Oleanolic acid. Oleanone. Oleanene II. 


Direct comparison showed that the hydrocarbon, m. p. 193—193-5°, was different from 
oleanene II and also from oleanene III. This at first suggested that the skeleton of de- 
oxyquillaic acid differs from that of oleanolic acid, but consideration shows that such a 
result is to be expected. 

The formation of two ketones by the hydrolysis of the homogeneous ester (II; R = 
Me) clearly suggests that they are stereoisomerides differing in the mode of locking of 
rings D and E; the surface-film measurements on the alcohol derived from the higher- 
melting ketone point to the latter having a trans-configuration. Since these compounds 
are a-decalones, the less stable cis-form would be expected to pass into the trans on treat- 
ment with such reagents as hot sodium ethoxide, ¢.g., under the conditions of the Kishner-— 
Wolff reaction, and this explains why only one hydrocarbon, doubtless the trans-compound, 
is formed from either ketone. On the other hand, the formation of the less stable cis-form 
of the ketone in varying amounts suggests that the parent ketonic ester is a cis-compound, 
which first gives rise to the cis-ketone and this is further isomerised to the trans in the 
strongly alkaline reaction medium.t Now oleanolic acid is presumably decarboxylated 
without change of configuration; if, like deoxyquillaic acid, it is a cis-compound, the 
products (oleanone and hence also oleanene II) would also have a cis-locking of rings D 
and E. These products cannot undergo further change, since there is no «-keto-group 
to provide the necessary mechanism (enolisation) ; different hydrocarbons should therefore 
be formed in the two cases : 

As already mentioned, oleanene II passes into oleanene III under the conditions of the 


* Prof. C. R. Noller very kindly communicated these results to one of us before publication. 

¢ It appears very probable that Noller and White’s isoechinocystenedione (dextrorotatory) and 
echinocystenedione (levorotatory) are related in the same way. The iso-compound is produced by 
the direct oxidation of echinocystic acid and should be the cis-compound. Echinocystenedione is 
formed in the alkaline hydrolysis of the diketo-ester and should have the ¢rans-configuration ; it is also 
obtained from the iso-dione by boiling with alkali (Jones, Todd, and Noller, J. Amer. Chem. Soc., 1939, 
61, 2421). 
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Clemmensen reaction; it is now found that the hydrocarbon, m. p. 193—193-5°, is also 
rapidly isomerised to oleanene III under these conditions; moreover, the trans-ketone is 


A \\P A\A\A YN 
O.M H 


tvans-Hydrocarbon, 
m. p. 193—193-5°. 


H 


“N\ “N 
Oleanolic acid. Oleanene II (cis). Oleanene III. 
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converted into the latter hydrocarbon on reduction by Clemmensen’s method. It can 
therefore be concluded that oleanene II and the new hydrocarbon are the cis- and the 
trans-form of the same compound; and it follows that the carbon skeleton of deoxyquillaic 
acid is identical with that of oleanolic acid. Oleanene III must differ from the other two 
hydrocarbons by the position of the double bond and since it is formed with equal ease from 
both, the double bond doubtless occupies (or passes through) a position involving the 
bridge head, such as (IV). This formulation would necessarily dispose of triterpene formule 
in which a methyl group occupies this bridge head. 


EXPERIMENTAL. 
(M. p.’s are uncorrected; specimens for analysis were dried for 2 hours at 100°/1—2 mm.) 


Deoxyquillaic Acid.—1 G. of quillaic acid was heated in a sealed tube for 12 hours at 200° 
with 1-25 g. of sodium in 25 c.c. of alcohol and 3 c.c. of 95% hydrazine hydrate. The crude 
acid was isolated in quantitative yield by dilution with water, acidification, and extraction 
with ether. Crystallisation from isopropyl alcohol was somewhat wasteful, but up to 0-7 g. 
of material was obtained. 

When ethyl alcohol was replaced by benzyl alcohol and the reaction mixture was refluxed, 
the yield of deoxyquillaic acid from 1 g. of quillaic acid was only 300 mg. and the isolation 
proved somewhat difficult. The same reaction was carried out with 4 g. of quillaic acid and the 
benzyl alcohol was removed by distillation in steam; practically no acidic material was isolated. 
There was, however, a quantity of a neutral product, which crystallised from acetic acid in 
felted needles melting rather indefinitely at 147—150°; this appeared to be a dihydric alcohol 
formed by loss of carbon dioxide from quillaic acid; the name quillaol is suggested for it 
(Found : C, 78-7; H, 10-2; active OH, 1-86. C,.H,,O, requires C, 78-7; H, 10-5%). 

Keto-estery (IL; R = Me) (Methyl 16-Keto-oleanolate).—Methyl deoxyquillaate was oxidised 

_ to the diketo-ester according to the instructions of Noller and White (J. Amer. Chem. Soc., 
1939, 61, 983) for the oxidation of methyl echinocystate; the yield was almost quantitative. 
The diketo-ester was recrystallised once before reduction, which was carried out on 1-67 g. 
by the process of Jacobs and Gustus (J. Biol. Chem., 1926, 61, 641; Elliott, Kon, and Soper, 
loc. cit.), giving an almost theoretical yield of the crude keto-estery. This was very sparingly 
soluble in methyl alcohol, unlike the diketo-ester, and was purified for hydrolysis by partial 
dissolution in this solvent (50 c.c.); both the undissolved material and that which crystallised 
on cooling melted above 195° (yield, 1-40 g.). It was purified for analysis by recrystallising 
alternately from methyl and ethyl alcohol and formed fine needles, m. p. 204—205° (Found : 
C, 79:3; H, 10-3. C,,H,,0, requires C, 79-4; H, 10-3%). 

Ketone III (16-Keto-A™'™-oleanene).—1-3 G. of the keto-ester were boiled for 4 hours with 
4 g. of potassium hydroxide in 75 c.c. of 95% alcohol and water was then added until the liquid 
was permanently turbid. The mixture of ketones (0-94 g.) which separated on cooling was 
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recrystallised from acetone, not methyl alcohol as recommended by Noller and White (loc. cit.). 
The first crop (0-4 g.) melted above 218°, and gave flattened needles, m. p. 220—222° after 
another crystallisation, consisting of the trans-ketone, [a]p — 146-9° (c = 2-830 in chloroform) 
(Found: C, 85-0; H, 11-6. C,,H,,O requires C, 84-8; H, 11-3%). The mother-liquor from 
the first crystallisation of the mixed ketones was concentrated and gave a second crop of crystals 
(0-32 g.) similar in appearance to the tvans-ketone, but melting at 157—160°. Repeated crystal- 
lisation from methyl alcohol, in which the compound was much more soluble than the évans- 
ketone, gave fine needles, m. p. 160—161°, not depressed by admixture of the trans-ketone, 
[a]p + 13° (¢ = 1-00 in chloroform) (Found: C, 84-8; H, 11-4%). 

16-Hydroxy-A™ ‘*¥_oleanene.—A solution of the tvans-ketone in 50 c.c. of alcohol was 
refluxed while sodium was gradually added until no more would dissolve. The solution was 
diluted with water; ether then extracted the product, which crystallised on rubbing with 
acetone and separated from this solvent in fine needles, m. p. 179° (Found: C, 84-3; H, 11-5. 
CygH,,O requires C, 84-6; H, 11-7%). 

trans-A!*‘15)_Ojeanene.—140 Mg. of the keto-ester, 0-3 g. of sodium in 6 c.c. of alcohol, and 
0-3 c.c. of 95% hydrazine hydrate were heated in a sealed tube at 300° for 12 hours. The 
hydrocarbon was isolated by dilution with water and extraction with ether; the yield was 
nearly quantitative. It was alternately crystallised from acetic acid and acetone, forming 
long flattened needles, m. p. 193—193-5°. After two crystallisations the specimen had [a]p 
-+- 23° (c = 0-8537 in chloroform) (Found: C, 87-9; H, 12-2. C,H,, requires C, 87-8; H, 
12-2%). A specimen similarly prepared from the high-melting tvans-ketone had [a]p + 27° 
(c = 0-8690) and from the cis-ketone, [a]p + 24-5° (c = 1-389); the specimens were identified 
by m. p. and mixed m. p. determinations. 

Conversion into oleanene III. About 30 mg. of the above hydrocarbon in 16 c.c. of acetic 
acid were boiled for 4 hours with 4 g. of amalgamated zinc wool and 4 c.c. of hydrochloric acid. 
The hydrocarbon was recovered by dilution and extraction with light petroleum; after one 
crystallisation from ethyl acetate it formed plates, m. p. 219—220°, not depressed by admixture 
of oleanene III prepared from oleanone. 

Oleanene III (A™"***™_Oleanene).—200 Mg. of the ketone, m. p. 220—222°, were dissolved 
in 32 c.c. of acetic acid and boiled with 12-5 g. of amalgamated zinc wool and 7-5 c.c. of hydro- 
chloric acid. As some solid remained undissolved, a further 16 c.c. of acetic acid and 4 c.c. of 
hydrochloric acid were added after 14 hours. The product was isolated after 6 hours by dilution 
with water and extraction with light petroleum. After evaporation of the solvent the residue 
crystallised from hot ethyl acetate in plates (100 mg.), m. p. 213—-215°. Another crystallisation 
from the same solvent gave long flattened needles, m. p. 219—-220°, not depressed by admixture 
of oleanene III prepared from oleanone. The m. p. did not change on further crystallisation. 
A specimen crystallised four times had [a]p + 32-9° (c = 2-505 in toluene); the rotation was 
determined in toluene (compare Todd, Harris, and Noller, Joc. cit,) owing to the sparing solubility 
of the compound in chloroform (Found: C, 87-5; H, 12-3. Calc. for C,H,,: C, 87-8; 
H, 12-2%). 

Oleanone.—3-5 G. of oleanolic acid, prepared from cloves by the method of Winterstein and 
Stein (Z. physiol. Chem., 1931, 202, 222), were ground with 15 g. of copper bronze and heated 
in a sausage flask in a mixed nitrate bath at 330—340° for 20 mins. The flask was then evacuated 
with a mercury diffusion pump; a clear yellow oil distilled into the side arm and solidified to a 
gum. Crystallisation set in on treatment with acetone; after one crystallisation from this 
solvent, about 1 g. of oleanone was obtained in felted needles, m. p. 167—169° after repeated 
crystallisation. The compound is best recrystallised from ethyl alcohol (Found: C, 84-9; 
H, 11-4. Calc.: C, 84-8; H, 11-3%). 

Oleanene II (cis-A™*™™-Oleanene).—Oleanone was reduced with sodium ethoxide and 
hydrazine as described on p. 1472. The hydrocarbon was isolated in almost quantitative yield 
and after one crystallisation from acetic acid and one from acetone it formed fern-like aggregates 
of needles, m. p. 188—189°, not changed by further crystallisation. The rotation was somewhat 
higher than that recorded by Winterstein and Stein (loc. cit.) for a specimen prepared by the 
reduction of oleanylene: [«]p + 69-0° (c = 2-475 in chloroform). 

Conversion into oleanene III. This was carried out as described for the tvans-compound, but 
the reaction mixture was boiled for 6 hours. The product after one crystallisation from ethyl 
acetate had m. p. 217—-218° and after a further one from acetone, 219—220°, not depressed by 
admixture of oleanene III prepared from deoxyquillaic acid. 

Oleanene III (A*"***_Qleanene).—Oleanone was reduced with amalgamated zinc exactly as 
described above; no solid separated. The hydrocarbon was isolated as before; it required 
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three crystallisations from ethyl acetate and one from acetone to bring the m. p. up to the 
constant value of 219—220° and the yield was consequently poor. 


One of the authors (G. A. R. K.) wishes to thank the Royal Society for a grant. 
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272. Nitration of the 13-Halogenobenzanthrones. 
By Frank H. Day. 


The nitro-compounds which separate readily when nitrobenzene solutions of 
13-chloro- and 13-bromo-benzanthrones are treated with nitric acid are mononitro- 
compounds and are shown to be 13-halogeno-6-nitrobenzanthrones. There is no 
evidence that nitration occurs in the Bz-nucleus. 


THE formation of nitro-compounds from 13-chloro- and 13-bromo-benzanthrones has 
been described in B.P. 254,742 (I.G.F.A.), 326,140 (I.G.F.A.), 256,281 (R. Fraser Thomson, 
Thomas and Scottish Dyes, Ltd.), and G.P. 516,535 (Scottish Dyes, 
Ltd.). The orientation of the compounds is not stated, but the 
claim is made that they give nitroanthraquinonecarboxylic acids 
on oxidation, and B.P. 254,742 suggests position 6 as the probable 
one for the nitro-group. On the other hand Nakanishi [Scz. 
Papers Inst. Phys. Chem. Res., 16, Nr. 328, 9; Bull. Inst. Phys. 
Chem. Res. (abstracts), Tokyo, 10, 79—81 (British Chem. Abs., 
1931, A, 1419)] describes a monobromomononitrobenzanthrone which it is claimed cannot 
be oxidised but is reducible to an amine, oxidation of which leads to anthraquinone- 
1-carboxylic acid and anthraquinone, and on this unsatisfactory evidence it is claimed 
that nitration has occurred in the Bz-nucleus. 

The author has confirmed the preparations and obtained from 13-chloro- and 13-bromo- 
benzanthrones by nitration in nitrobenzene solution well-characterised nitro-compounds, 
the melting points of which agree well with those given in the patent literature, viz., 289— 
290° and 297—298° respectively. Both of these substances when oxidised by Perkin’s 
method give the same nitroanthraquinone-l-carboxylic acid, m. p. 277—278°, the pro- 
perties of which are not those of an «-nitroanthraquinone; the orientation of the two 
13-halogenonitrobenzanthrones is therefore the same and it suffices to determine the 
position of the nitro-group in one of them. 

Reduction of the 13-chloronitrobenzanthrone (compare G.P. 516,535) readily gave the 
amine, which after diazotisation was converted by the usual Sandmeyer method into a 
dichlorobenzanthrone, m. p. 267—268°, agreeing with that of 6 : 13-dichlorobenzanthrone 
(Cahn, Jones, and Simonsen, J., 1933, 445). Oxidation of this dichlorobenzanthrone gave 
a chloroanthraquinone-l-carboxylic acid, m. p. 305—306°, not depressed by authentic 
6-chloroanthraquinone-l-carboxylic acid. 


EXPERIMENTAL. 


13-Chloro-6-nitrobenzanthrone.—Into 53 g. of 13-chlorobenzanthrone (m. p. 184°; obtained 
by twice crystallising the technical product from nitrobenzene) in 300 g. of nitrobenzene at 
90—100°, 19 g. of nitric acid (98%) were stirred in during 1 hour. The mixture was heated on 
the water-bath for an hour and cooled and the crystals were collected, washed with benzene 
and ethanol, dried, and recrystallised from nitrobenzene, giving 37 g. of 13-chloro-6-nitrobenz- 
anthrone in bright yellow needles, m. p. 286°. 

13-Chlorobenzanthrone was recovered unchanged after attempted nitration in acetic acid. 

13-Bromo-6-nitvobenzanthrone.—13-Bromobenzanthrone (30 g.) was added to 150 g. of nitro- 
benzene and dissolved by warming and then treated with 98% nitric acid (25 g.) with stirring, 
the whole operation being carried out at 50° during 1 hour and the temperature then maintained 
fora further hour. The nitro-compound, which separated readily, was washed with benzene and 
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ethanol, dried (yield 22 g., m. p. 292°), and recrystallised from nitrobenzene, forming bright yellow 
needles, m. p. 298°. 

Oxidation of the Halogenonitrobenzanthrones.—The substance was boiled with acetic acid 
(20 parts), and chromium trioxide (2$ parts) in acetic acid and water run in. Bromine was 
evolved from the bromo-compound. The solution was boiled for 1 hour, sulphuric acid added, 
and most of the acetic acid removed by distillation; on cooling, 6-nitroanthraquinone-l-carb- 
oxylic acid crystallised. This was reprecipitated from sodium carbonate solution with hydro- 
chloric acid and recrystallised from acetic acid (yield, ca. 40%), forming pale yellow needles, 
m. p. 277—278° (Found : C, 60-85; H, 2-2; N, 4-55. Calc. for C,,H,O,N : C, 60-6; H, 2-35; 
N, 4:7%). The acid was reduced by alkaline hyposulphite, giving a reddish-brown amino- 
carboxylic acid,'m. p. 246—248° (Pritchard and Simonsen, J., 1938, 2049, give m. p. 247—-249° 
for 6-aminoanthraquinone-1l-carboxylic acid). 

13-Chloro-6-aminobenzanthrone.—13-Chloro-6-nitrobenzanthrone (25 g.) was added to aniline 
(200 g.) at 100°, aniline hydrochloride (75 g.) introduced, the temperature raised to 120°, and 
zinc dust (15 g.) added during } hour with rapid stirring; the dark red solution was finally heated 
at 140° for } hour. The amine which separated on cooling was washed with dilute hydro- 
chloric acid, dried, and recrystallised from nitrobenzene, giving 13-chloro-6-aminobenzanthrone 
(15 g.) in fine, dark red needles with a marked yellowish-brown reflex, m. p. 280—281°. Its 
solution in concentrated sulphuric acid was red with a brownish fluorescence; dilution pre- 
cipitated a fairly stable, olive-green sulphate, which required dilute alkali to reconvert it into 
the base. Concentrated hydrochloric acid gave a yellowish-white hydrochloride, which after 
diazotisation coupled with naphthols to give rose-pink azo-dyes. 

6 : 13-Dichlorobenzanthrone.—13-Chloro-6-aminobenzanthrone (5 g.) in 120 c.c. of concen- 
trated hydrochloric acid was stirred and diazotised with sodium nitrite (1 g.) at room temper- 
ature. After 15 minutes, the mixture was treated with cuprous chloride (12 g.) in hydrochloric 
acid (50 c.c.), gradually heated to 100°, diluted with water (200 c.c.), and heated on the water- 
bath for $ hour. The precipitated dichlorobenzanthrone was boiled with dilute sodium hydr- 
oxide solution, dried, and crystallised from nitrobenzene, forming yellow plates (4-7 g.), m. p. 




















t 267—268° (Found: C, 67-75; H, 2-65; Cl, 23-1.° Calc. for C,,H,OCI,: C, 68-2; H, 2-7; 
P Cl, 23-7%). 
i 6-Chloroanthraquinone-1-carboxylic Acid.—6 : 13-Dichlorobenzanthrone (4 g.) was oxidised by 
Perkin’s method with chromium trioxide (20 g.). The product crystallised from acetic acid in 
- pale yellow needles (2 g.), m. p. 305—306°, not depressed by authentic 6-chloroanthraquinone- 
4 1-carboxylic acid (Found : C, 62-7; H, 2-3; Cl, 12-1. Calc. for C,,H,O,Cl: C, 62-8; H, 2-45; 
vi Cl, 12-4%). 
, The author’s thanks are due to the Research Staff of Imperial Chemical Industries Ltd. 
a (Dyestuffs Group) for many valuable suggestions, particularly to Mr. I. B. Anderson, whose 
0 reports provided valuable details on the nitrations and reduction, and also for a grant and gift 
e of materials by Imperial Chemical Industries Ltd. He is also indebted to Prof. J. L. Simonsen 
for kindly supplying specimens of 6-chloroanthraquinone-l-carboxylic acid and its ester. 
2 CARLISLE TECHNICAL .COLLEGE. ' [Received, September 3rd, 1940.] 
e 
: 273. Carbohydrate Sulphuric Esters. Part I. Glucose and Galactose 
Sulphates. 
By E. G. V. Percivat and T. H. SouTar. 
d The barium galactose monosulphate prepared by the direct interaction of chlorosul- 
at phonic acid and galactose is shown to be different from barium galactose 6-sulphate. 
m The velocity of hydrolysis in acid solution for six hexose and hexoside monosulphates 
be has been determined, but the differences in rate are not sufficient to warrant the use of 
.. this method as a means of differentiation between related hexose sulphates. Alkaline 
hydrolysis is shown to be very rapid in the case of the reducing hexose sulphates but 
d slow for barium diacetone galactose 6-sulphate. Two new anhydromethylhexosides have 
“a been isolated. 
8, ALTHOUGH glucose sulphates have been investigated by Ohle (Biochem. Z., 1922, 181, 601; 
. 1923, 136, 428), Soda (tbid., 1923, 185, 621) and others, little attention has been paid to 
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galactose ethereal sulphates. Hassid (J. Amer. Chem. Soc., 1933, 55, 4163) has, however, 
described a polygalactose ethereal sulphate derived from a species of alga and there exists 
evidence that Carrageen mucilage contains galactose sulphate residues (Haas and co- 
workers, Biochem. J., 1921, 15, 469, et seg.; Dillon and O’Colla, Nature, 1940, 145, 749; 
Percival and Buchanan, ibid., p. 1020), so it seemed of interest to examine the properties of 
simple galactose sulphates. 

According to Ohle (loc. cit.), on treatment of monoacetone glucose and diacetone glucose 
respectively with chlorosulphonic acid in pyridine, the sulphate residue enters in the first 
case position 6 and in the second position 3, and Soda and Nagai (J. Chem. Soc. Japan, 
1935, 56, 1258) also consider that by direct interaction between glucose and chlorosulphonic 
acid in the presence of pyridine substitution occurs in the main at the primary alcohol 
residue, although polysulphates are also formed. The same considerations do not appear 
to apply to galactose, however, for the galactose monosulphates (A) prepared by direct 
treatment have different properties from similar salts (B) prepared from barium diacetone 
galactose 6-sulphate by hydrolysis with acetic acid (Table 1). 


TABLE I. 
Galactose monosulphates (A). Galactose 6-sulphates (B). 
TAME GRE occ cep ccc cessoccceece [a}i8* +46° [a]i®* +56° 
Brucine salt  ..........s0sseeceeee [a}i#* —5°——-> —TI1° [a}i8* +5° ——> 1° 


Furthermore it has been found possible to condense barium galactose 6-sulphate with acetone 
to regenerate the barium diacetone galactose 6-sulphate, whereas the barium galactose 
sulphate (A) under the same conditions yielded diacetone galactose. 

Assuming (A) to be pyranose, it follows that the sulphate group is attached to either C,, 
C, or C,,'since the possibility of substitution on C, is excluded owing to the mutarotation 
and the high reducing power (as estimated by alkaline hypoiodite) exhibited by the barium 
salt. 

The rates of hydrolysis at 100° with n/10<hydrochloric acid were determined for a 


number of sulphuric esters as the barium salts and the mean values for the velocity 
constants calculated for a unimolecular reaction are recorded in Table II. 


TABLE II. 


Ry 00° x 10¢ 
Barium glucose sulphate Barium diacetone galactose 6-sulphate 1481 
Barium galactose sulphate (A) Barium a-methylglucoside sulphate ... 1060 
Barium galactose 6-sulphate (B)_ ... Barium a-methylgalactoside sulphate 1010 


It is clear that the variations are not sufficient to warrant the use of this method to 
differentiate between different hexose sulphuric esters. Levene and Meyer (J. Biol. Chem., 
1922, 53, 437) found for barium diacetone glucose 3-sulphate and barium monoacetone 
glucose sulphate k,,. x 10° = 600 and 400 respectively in n/10-hydrochloric acid, and Soda 
and Nagai (loc. cit.) for barium glucose sulphate Rg. x 10° = 400 in n/10-sulphuric acid. 

Very different results are obtained on alkaline hydrolysis. Both the barium glucose 
monosulphate and the barium galactose monosulphates liberated barium sulphate 
immediately with n/10-sodium hydroxide at 100°, the reactions being complete within 
5 minutes. At the same time extensive decomposition occurred, no identifiable osazones 
could be prepared from the hydrolysate, and an immediate precipitate of iodoform was 
formed in the cold on treatment with iodine and alkali. Evans and his co-workers (J. Amer. 
Chem. Soc., 1928, 50, 2543) have described the alkaline fission of sugars with the formation 
of products such as pyruvaldehyde and lactic acid, and it may be that the process is 
accelerated in the cases here described. 

In contrast with this result, barium diacetone galactose sulphate was untouched by 
2n-sodium hydroxide at 100° for several hours, but that the absence of a reducing group is 
not the only operating factor is shown by the fact that, although the glycoside sulphates 
are not hydrolysed by any means as rapidly as those of the reducing sugars, complete 
removal of the sulphuric ester residue is achieved within 6 hours in contact with a saturated 
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solution of barium hydroxide at 100°. By this treatment barium a-methylglucoside sul- 
phate yielded a product, m. p. 105—106°, [«]}*" + 52° in water, and barium «a-methylgalacto- 
side sulphate a product, m. p. 105—106°, [a] + 50-2°, which analysis showed to be 
anhydromethylhexosides. These substances are being investigated more fully. 












































EXPERIMENTAL. 


Barium Glucose Sulphate.—To glucose (10 g.) suspended in dry pyridine} (75 c.c.), a solution 
of chlorosulphonic acid (3-4 c.c.) in alcohol-free chloroform (25 c.c.) was added during 20 minutes 
at — 10° with vigorous stirring. After standing overnight, the solvents were removed at 


and barium carbonate. After filtration and extraction with ether, an excess of silver sulphate 
solution was added, the excess of silver ion being removed by hydrogen sulphide in the presence 
of barium carbonate. The filtered solution was concentrated at 40°/15 mm. to 20 c.c. and after 
filtration poured into alcohol (2 1.) to yield a crude salt (8-5 g.) containing ca. 50% of free glucose. 
An aqueous solution of brucine sulphate (7-3 g.) was added to a solution of this salt and after 
removal of barium sulphate the solution was concentrated at 40°/15 mm. until crystals appeared. 
Further crops were obtained on concentration and addition of acetone. The crude product was 
repeatedly extracted with alcohol and recrystallised from water (yield, 9-5 g.). It showed 
[a]}®* —4° (5 mins. in water, c 0-3); —6° (24 hours) [Found: C, 53-5; H, 5:7; N, 4:5; 
S (hydrolysis), 48; (fusion) 5-0. Calc. for C,H,,0,S,C,,H,,O,N,: C, 53-2; H, 5-8; N, 4-3; 
S, 4-9%]. 

This brucine salt (8-5 g.) was decomposed by an excess of saturated barium hydroxide solution, 
the excess being removed by a current of carbon dioxide, followed by filtration and extraction 
with chloroform. Concentration, further filtration, and precipitation in alcohol yielded an 
amorphous, deliquescent, white solid (2-9 g.), which showed [a]}’ + 33-4° in water (c, 2-4). 
1 G. required 56-4 c.c. of N/10-iodine (Bergmann and Machemer, Ber., 1930, 63, 316). Calc., 
61-0 c.c. [Found: Ba, 20-9; S, 9-5. Calc. for (C,H,,0,S),Ba: Ba, 20-95; S, 9-8%]. 

A similar experiment in which double the quantity of chlorosulphonic acid was used yielded 
brucine glucose sulphate (15-3 g.). [a]}® —4° (5 mins. in water, c 0-25); —6° (24 hours) (Found : 
C, 53-1; H, 6-0; N, 49%). This was converted into the barium salt (5-4 g.), [«]}?°+ 32-4° 
in water (c, 1-6) (Found: Ba, 21-9; S, 9-9%). 

Barium Galactose Sulphate-——Following the above procedure, galactose (10 g.) yielded a 
brucine salt (15 g.) as before, which crystallised from water in rosettes of needles and showed 
[«]37" —5° (5 mins. in water, c 0-35); —11° (24 hours) [Found: C, 52-8; H, 6-0; N, 43; 
S (hydrolysis), 4-6; (fusion), 4-8. C,H,,0,5,C,,H,,O,N, requires C, 53-2; H, 5-8; N, 4:3; 
S, 49%). This compound (13 g.) yielded a barium galactose monosulphate (5-2 g.), which showed 
[a]}®°-+ 46° in water (c, 1-7). 1 G. required 58-4 c.c. of n/10 iodine (Bergmann and Machemer, 
loc. cit.). Calc., 61-0 c.c. [Found: Ba, 21-1; S, 93. (C,H,,0,S),Ba requires Ba, 20-95; 
S, 9-8%]. 

Barium Diacetone Galactose 6-Sulphate-—Pure diacetone galactose (10 g.) in dry pyridine 
(50 c.c.) was treated at —10° with chlorosulphonic acid (2-6 c.c.) in chloroform as before. 
Barium carbonate was added immediately, and the mixture kept overnight; the solvents 
were then removed at 40°/15 mm. in the presence of barium carbonate. Chlorides were elimin- 
ated as before and the aqueous solution of the barium salt finally obtained was evaporated to 
dryness at 40°/15 mm., and the residue dissolved in chloroform, filtered, and precipitated in 
light petroleum (b. p. 60—80°). The white, amorphous, non-reducing powder (4-6 g.) showed 
[aji#’ —35-7° in water (c, 7-3); —42-4° in chloroform (c, 8-2) [Found: Ba, 16-8; S, 7-6. 
(C,,H,,0,S),Ba requires Ba, 16-85; S, 7-85%]. 

Barium Galactose 6-Sulphate——Barium diacetone galactose sulphate (10 g.) was heated at 
100° for 3 hours with acetic acid (200 c.c.; 1%). Evaporation to dryness at 35°/15 mm., 
solution of the residue in water, filtration, and precipitation in alcohol gave the crude salt 
(7-g.), [Ji + 40° in water (c, 3-6) (Found: Ba, 17-5; S, 7-5%). 

Brucine Galactose 6-Sulphate.—This was obtained as before as an amorphous powder (8-8 g.) 
on precipitation from aqueous solution by acetone and showed [a]}* + 5° (30 mins. in water, 
c 0-5); + 1° (24 hours) (Found: C, 52-8; H, 5-8; N, 4-5. C,H,,0,S,C,,H,,O,N, requires 
C, 53-2; H, 5-9; N, 4:3%). 

On recrystallisationfrom aqueous acetone, transparent stout prisms were obtained which 
effloresced in dry air and appeared to be the dihydrate. They had [«}}*° + 5° (30 mins. in water, 
c 0-5); + 1° (24 hours) (Found: C, 50-4; H, 59; N, 42. C,H,,0,S,C,,H,,O,N,,2H,O 











40°/15 mm. and the resulting syrup, dissolved in water, was shaken for 8 hours with lead oxide © 


























1478 Percival and Soutar: Carbohydrate Sulphuric Esters. Part I. 


requires C, 50°5; H, 5-9; N, 41%). On treatment with barium hydroxide barium galactose 
6-sulphate was obtained (2-5 g.) as a white, amorphous, deliquescent powder, [a]}*° + 56° in water 
(c, 46). 1 G. required 57-9 c.c. of N/10-iodine (Bergmann and Machemer, Joc. cit.). Calc., 
61-0c.c. [Found: Ba, 20-8; S,9-4. (C,H,,0,S),Ba requires Ba, 21-0; S, 9-8%]. 

The above barium salt (2 g.) was shaken with acetone (60 c.c.) containing sulphuric acid 
(0-7 c.c.) for 8 hours. After neutralisation with barium carbonate and evaporation in the 
presence of barium carbonate, followed by solution of the residue in chloroform and precipitation 
in light petroleum, barium diacetone galactose 6-sulphate, [«]}* —36° in water (c, 6-0), was 
obtained, from which the characteristic brucine salt, with properties identical with those 
described above, was isolated by suitable treatment. 

On the other hand, barium galactose sulphate (B) on similar treatment underwent hydrolysis 
and only diacetone galactose could be isolated. Such a hydrolysis did not take place when 
barium diacetone galactose 6-sulphate was used, 

Barium a-Methylglucoside Sulphate——a-Methylglucoside (10 g.) in pyridine (100 c.c.) was 
treated with chlorosulphonic acid (6-8 c.c.) in chloroform (20 c.c.) as previously described. The 
white solid produced on precipitation from aqueous solution by alcohol was continuously 
extracted with hot alcohol and the resulting product had [«]}*" + 90° in water (c, 0-4) [Found : 
Ba, 19-1; OMe, 8-9. Calc. for (C,H,,0,S),Ba: Ba, 19-6; OMe, 9-1%]. 

Barium a-Methylgalactoside Sulphate —Prepared as above, this salt had [a]}" + 142° in water 
(c, 0-5) [Found: Ba, 19-2; OMe, 8-6. (C,H,,0,S),Ba requires Ba, 19-6; OMe, 9-1%]. 

The Acid Hydrolysis of the Barium Ethereal Sulphates—A weighed quantity of the barium 
salt (ca. 0-5 g.) was made up to 100 c.c. with hydrochloric acid (0-1012N) containing barium 
chloride (3%). 10 C.c. portions were introduced into tubes, which were then sealed and 
immersed in boiling water for the period of time indicated. At the end of each period each tube 
was cooled rapidly, and the barium sulphate weighed. The hydrolysis constant was calculated 
from k = 1/t.log a/(a — x), where a is the weight of barium sulphate that would be precipitated on 
complete hydrolysis and # the weight deposited in ¢ minutes. 


te %. a—*x. kxl0. ¢. *. a—* kx10. ¢. #. a—*x. kx 10, 
Barium diacetone galactose 
Barium glucose sulphate. Barium galactose sulphate. 6-sulphate. 

0-0229 0-01439 1723 0-0187 0-01751 0-0185 0-01992 
0:0255 0-01179 1666 0-0219 0-01431 0-0218 0-01662 
0-0293 0-00799 1593 0-0246 0-01161 0-0247 0-01372 
0-0308 0-00649 1619 0-0280 0-00821 0-0272 0-01122 
0-0334 0-00389 1636 0-0295 0-00671 0-0288 0-00962 
0-0348 0-00249 1632 0-0318 0-00441 0-0319 0-00652 
0-0334 0-00281 0-0331 0-00532 

Mean 1635 Mean 1601 Mean 1481 

Barium a-methylglucoside Barium a-methylgalactoside 
Barium galactose 6-sulphaie. sulphate. sulphate. 

0-0165 0-02085 1401 0-0097 0-02802 1076 0-0095 0-0272 1090 
0-0191 0-01825 1300 0-0134 0-02432 1059 0-0129 0-02362 
0-0221 0-01525 1299 0-0169 0-02082 1075 0-0155 0-02102 
0-0267 0-01065 1365 0-0201 0-01762 1103 0-0181 0-01842 
0-0285 0-00885 1303 0-0244 0-01332 1076 0-0201 0-01642 
0-0299 0-00745 1296 0-0249 0-01282 976 0-0225 0-01402 
0-0312 0-00615 1305 0-0277 0-01002 1056 0-0243 0-01222 
0-0259 0-01062 


Mean 1324 Mean 1060 Mean 1010 


Alkaline Hydrolysis.—Barium glucose monosulphate was treated at 100° with carbonate-free 
sodium hydroxide (0-1n). Caramelisation was rapid and quantitative experiments showed that 
within 5 minutes all the sulphate residue was removed. Similar results were obtained with the 
galactose sulphates. In no case could identifiable products be obtained on acidification and 
treatment with phenylhydrazine. On addition of iodine and alkali a precipitate of iodoform 
was produced in the cold. 

Barium diacetone galactose 6-sulphate resisted hydrolysis by 2nN-sodium hydroxide at 100° 
during @ hours. 

Alkaline Hydrolysis of Barium a-Methylglucoside Sulphate [With R. B: Durr].—The salt 
(1-5 g.), dissolved in water (50 c.c.), was heated for 5 hours at 100° with barium hydroxide (15-8 g.). 
After filtration and treatment with carbon dioxide, followed by filtration and evaporation 
to dryness at 30°/15 mm., the residue was extracted with alcohol. On removal of solvent 
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crystallisation ensued and recrystallisation from light petroleum-ethyl acetate yielded long 
needles of an anhydromethylhexoside, m. p. 105—106°, [a]}® + 52° in water (c, 1-5) (Found: 
C, 48-0; H, 6-9; OMe, 17-4. C,H,,0, requires C, 47-7; H, 6-9; OMe, 17-6%). 

Alkaline Hydrolysis of Barium a-Methylgalactoside Sulphate [With R. B. Durr].—Similar 
treatment yielded, after recrystallisation from ethyl acetate-light petroleum, long needles of 
an anhydromethylhexoside, m. p. 105—106°, mixed m. p. with the corresponding product from 
the glucoside 65—80°; [a]#®° + 50-2° in water (c, 1-1) (Found: C, 48-1; H, 6-9; OMe, 17-4. 
C,H,,0, requires C, 47-7; H, 6-9; OMe, 17-6%). 


Thanks are expressed to the Carnegie Trust for the Universities of Scotland, the Earl of 
Moray Endowment, and Imperial Chemical Industries Ltd. for grants. 
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274. Studies on Cellobiosazone, Galactosazone, and Other Sugar 
Osazones. 


By J. R. Murr and E. G. V. PERcIVAL. 


The deacetylation of cellobiosazone hepta-acetate produces a monoanhydrocello- 
biosazone hydrate which yields the same penta-acetate as the anhydrocellobiosazone 
prepared by Diels’s method. The hepta-acetates of gentiobiosazone and melibiosazone 
yield no crystalline anhydro-osazones on deacetylation. 

It is shown that galactosazone may be converted by methylation into a trimethyl 
galactose methylphenylphenylosazone, but that no more methoxyl residues can be 
introduced. This fact together with the failure to prepare a trityl derivative 
indicates the presence of a tagatopyranose ring in galactosazone. 


THE study of disaccharide osazones (Percival and Percival, J., 1937, 1320) has been extended 
to cellobiosazone, melibiosazone, and gentiobiosazone. The first of these yielded a crystal- 
line hepta-acetate (I), which on deacetylation yielded a product (II), m. p. 218°, of the same 
analytical composition as cellobiosazone but having a markedly different specific rotation 
([«]>° — 142° in methyl alcohol). Acetylation yielded a crystalline penta-acetate, from 
which (II) could be recovered on deacetylation. The analytical figures for the penta- 
acetate were in agreement with those for a monoanhydrocellobiosazone penta-acetate but 
not for a dianhydrocellobiosazone penta-acetate, so the original deacetylation product is 
clearly a monoanhydrocellobiosazone hydrate. Diels, Meyer, and Onnen (Annalen, 1936, 
525, 94), by treating cellobiosazone with sulphuric acid in alcohol, have obtained an 
anhydrocellobiosazone hydrate, m. p. 225—245°, and by acetylation with acetic anhydride 
and sodium acetate claim to have isolated a hexa-acetate, but their analytical figures, in 
the absence of any acetyl determination, would seem to fit equally well for a penta-acetate. 
Using their method, we obtained a product, m. p. 218°, identical with that prepared by 
deacetylating cellobiosazone hepta-acetate, which yielded the same penta-acetate, so the 
case of cellobiosazone is parallel to that of lactosazone (Percival and Percival, Joc. cit.). 
Gentiobiosazone and melibiosazone yielded amorphous hepta-acetates and no crystalline 
products could be obtained on deacetylation, a result similar to that observed for the 
acetates of arabinosazone, xylosazone, and rhamnosazone (Percival and Percival, loc. cit.). 
It would seem, therefore, that, if a free primary alcohol residue is absent in the original 
sugar, crystalline anhydrides are not readily isolated from the osazone acetates by the 
deacetylation method. Previously (J., 1938, 1384) it had been shown by one of us that for 
glucosazone, galactosazone, and gulosazone, anhydride formation is concerned with the 
hydroxyl groups on C, and C,, since the tetra-acetates of these osazones give the same 
dianhydrohexosazone on hydrolysis, which also has no free hydroxyl group on Cg. Since 
for steric reasons anhydride formation is unlikely to involve this position and a hydrogen 
atom attached to nitrogen on C,, it appears that the 2 : 6-oxide ring known to be present 
in glucosazone and galactosazone (see p. 1480) is retained in the dianhydrohexosazone. 
By analogy the most probable formula for the monoanhydrocellobiosazone appears to be 
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(II), being formed from the hepta-acetate (I), although the possibilities of 1 : 3-anhydro 
(1 : 5-oxide), 1 : 3-anhydro (2 : 6-oxide) and 1 : 3-anhydro “J : 5-oxide) cannot be rigidly 
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excluded. When C, is substituted (or absent), no ketopyranose structure is possible and, 
if this is a predisposing factor to the formation of crystalline anhydrides, this may explain 
the facts. There are, however, double the theoretical possibilities for anhydride formation 
when the hydroxyl group on position 6 is substituted rather than that on position 4, 
namely, three pyranose and five furanose monoanhydrides (apart from any stereo- 
chemical isomers), so it may well be that mixtures of anhydrides result in these cases. 

Direct proof has not hitherto been furnished that galactosazone has an oxide ring 
structure. Diels, Cluss, Stephan, and Konig (Ber., 1938, 71, 1189) had shown, however, 
that glucosazone failed to react with triphenylchloromethane, indicating the absence of a 
primary alcohol group, and we have found that galactosazone behaves in the same way. 

The results of methylation experiments are not so conclusive as those previously described 
for glucosazone (Percival and Percival, J., 1935, 1398), since, although what appeared to 
be a monomethyl galactosazone was obtained, it proved to be a mixture. Exhaustive 
methylation, however, failed to introduce more than three methoxyl residues into the 
molecule. It was found possible to isolate a crystalline trimethyl galactosemethylphenyl- 
phenylosazone by direct methylation with sodium hydroxide and methyl] sulphate as well 
as a syrup of lower methoxyl content which on further methylation yielded a syrupy tri- 
methyl galactosemethylphenylphenylosazone, but these compounds proved to be so 
difficult to convert into the corresponding osone that examination of the trimethyl ketose 
could not be carried out. The weight of evidence, however, justifies the formulation of 
galactosazone as tagatopyranosazone. 


EXPERIMENTAL. 


Cellobiosazone Hepta-acetate—A solution of cellobiosazone (10 g.) in a mixture of pyridine 
(50 c.c.) and acetic anhydride (20 c.c.) was kept overnight and poured into an excess of water. 
The yellow amorphous solid obtained (13 g.), recrystallised from alcohol, gave shining needles, 
m. p. 90°, [«]}® — 37° in chloroform (c, 0-3) (Found: C, 55-8; H, 5-65; CH,°CO, 36-4; N, 7:1. 
C3,H,,0,,N, requires C, 56-0; H, 5-7; CH,°CO, 37-0; N, 6-9%). 

Anhydrocellobiosazone.—Cellobiosazone hepta-acetate (4 g.), dissolved in acetone (180 c.c.) 

and water (100 c.c.), was mixed with sodium hydroxide solution (44 c.c., 8%) and kept overnight 
at room temperature. The solution was then neutralised with sulphuric acid and diluted with 
acetone until the precipitation of sodium sulphate was complete. After filtration the acetone 
was removed at 40°/20 mm. On standing, a yellow powder (1-7 g.) was obtained which crystal- 
lised from hot pyridine—alcohol—water in light yellow needles, m. p. 218°, [«]}®° — 142° in methyl 
alcohol (c, 0:2) (Found: C, 55-4; H, 6-6; N, 10-4. Calc. for C,,H,;,O,N,: C, 55-4; H, 6-2; 
N, 10-7%). 
_ This compound was acetylated as described above to yield Kant yellow needles (1-3 g.), 
which after recrystallisation from alcohol had m. p. 193°, [a]}® — 153° in (1:1) pyridine— 
alcohol (c, 0-2), [«]}®° — 142° in acetone (c, 0-2) (Found: C, 57-2; H, 5-75; N, 8-1; CH,°CO, 
29-3. C,H O,,N, requires C, 57-2; H, 5-65; N, 7-9; CH,°CO, 30-1%). 

This penta-acetyl anhydrocellobiosazone on deacetylation yielded the anhydrocellobiosazone 
above, m. p. 218°, [a]}®° — 142° in methyl alcohol (c, 0-2). 

The anhydrocellobiosazone of Diels, Meyer, and Onnen (loc. cit.) was prepared; it had m. p. 
218° (not depressed by the above anhydrocellobiosazone) and [a]}*° — 143° in methy] alcohol 
(c, 0-2). Acetylation yielded the same penta-acetate as before, m. p. 193° (not depressed by 
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the above anhydrocellobiosazone penta-acetate) and [a]? — 153° in (1:1) pyridine-alcohcl 
(c, 0-2). 

Melibiosazone Hepta-acetate—Melibiosazone (1 g.), m. p. 179°, -[a]}® + 43° in pyridine 
(c, 0-7), on acetylation as described above yielded an amorphous acetate (1-6 g.), m. p. 105°, 
[a]}?" + 32° in chloroform (c, 0-4) (Found: C, 55-7; H, 5-95; N, 7-0; CH,°CO, 36-9. 
CygH gO 1,N, requires C, 56-0; H, 5-7; N, 6-9; CH,°CO, 37-0%). 

Gentiobiosazone Hepta-acetate.—Gentiobiosazone (1 g.), m. p. 170°, was acetylated as above 
to yield an amorphous acetate, m. p. 98°, [«]}?”" — 46° in chloroform (c, 0-4) (Found: C, 56-0; 
H, 6-05; N, 7-2; CH,°CO, 36-6. C,,H,,O,,N, requires C, 56-0; H, 5-7; N, 6-9; CH,°CO, 
37-0%). 

The deacetylation of melibiosazone and gentiobiosazone hepta-acetates yielded dark brown 
solids which could not be recrystallised or purified. 

Methylation of Galactosephenylosazone.—Methy]l sulphate (60 c.c.) and 30% sodium hydroxide 
solution (140 c.c.) were added to galactosazone (20 g.) dissolved in acetone (50 c.c.) and alcohol 
(125 c.c.) during 2 hours with constant stirring at 50°. The mixture was then maintained at 
70° for 15 minutes, diluted with hot water (500 c.c.), neutralised with glacial acetic acid, and 
kept overnight. The yellow precipitate and brown tarry matter (21-5 g.) were dissolved in 
boiling chloroform; on cooling, unchanged galactosazone (1-5 g.) separated. After filtration 
and precipitation from light petroleum (b. p. 60—80%) a yellow solid (A) (18 g., OMe 7-4%) 
was obtained together with a red syrup (B) (OMe, 12—14%). The solution deposited a crop 
(C) (0-4 g.) of pale yellow needles (OMe, 21-5%). Repeated precipitation of (A) gave a product, 
m. p. 78°, which could not be crystallised, [«]}*’ + 27° (10 mins. in chloroform; c, 0-25); + 12° 
(72 hours); [«]}* + 36-5° (10 mins. in alcohol; c, 0-3); + 16-5° (48 hours) (Found: C, 61-3; 
H, 6-5; OMe, 8-1; N, 13-0. C,,H,,O,N, requires C, 61-3; H, 6-45; OMe, 8-3; N, 15-0%). 

A further small quantity of the needles (C) (0-2 g.) was obtained from the filtrates from these 
precipitations and analysis indicated it to be a trimethyl galactose methylphenylphenylosazone, 
m. p. 160°, [a]}® + 86-5° (5 mins. in chloroform; c, 0-2); + 32-4° (48 hours); [a]}® + 93-5° 
(5 mins. in alcohol; c, 0-2); + 31° (48 hours) (Found: C, 63-5; H, 7-1; OMe, 21-5; N, 13-8; 
NMe, 6-7. C,H,,0,N, requires C, 63-7; H, 7-3; OMe, 22:5; N, 13-5; NMe, 7-0%). 

Subsequent methylations gave variable yields of this substance. The syrup (B) on further 
methylation failed to yield more (C). Repeated methylation of (B), first with methyl sulphate 
and sodium hydroxide and then with silver oxide and methyl iodide, yielded a product (D), 
[a}}®° + 121° (10 mins. in alcohol; c, 0-2); + 65-5° (24 hours) (Found: OMe, 21-5; NMe, 6-2. 
Calc. for C,,H,;,0,N,: OMe, 22-5; NMe, 7-0%). 

When galactosazone was treated with p-nitrobenzaldehyde in an atmosphere of nitrogen, 
the conditions otherwise being the same as those described for glucosazone (Percival and 
Percival, loc. cit.), a 30% conversion into galactosone was obtained. This method was therefore 
applied to the supposed monomethyl galactosazone and the osone was reduced to the ketose 
as previously described. Application of the modified method described in the above paper 
of following the course of glycoside formation with 1% methyl-alcoholic hydrogen chloride in 
the cold led to indefinite results, both furanosides and pyranosides being formed, the con- 
clusion necessarily following that the monomethyl tagatose was either a mixture of more than 
one monomethyl tagatose or a mixture of an aldose and a ketose. 

Attempts to convert the crystalline compound (C) and the syrup (B) into osones and thence 
into the trimethyl ketose were abortive. 

The Attempted Preparation of Triphenylmethylgalactosazone.—Dry galactosazone (10 g.) 
and triphenylchloromethane (7-8 g.) were dissolved in dry pyridine and warmed at 80° for 2 
hours. On pouring into ice-water and standing, a yellow solid was produced, which was extracted 
with carbon tetrachloride to remove triphenylcarbinol. The insoluble yellow residue on 
recrystallisation from alcohol—pyridine-water gave needles, m. p. 185°, not depressed on 
admixture with galactosazone. A similar result was obtained for glucosazone. 
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275. Studies in the Sterol Group. Part XLII. The Constitution of 
Zymosterol. 


By B. HEATH-Brown, I. M. HEILBRON, and E. R. H. Jones. 


The constitution of the diethenoid secondary yeast sterol, zymosterol, has been 
conclusively proved. The identity of the sterols obtained by the various processes 
employed by previous workers has been confirmed (see Table I), and the fully saturated 
zymostanol has been shown to be identical with cholestanol by a careful comparison 
of the melting points and optical rotations of a large number of derivatives (Table IT). 

That the readily reducible double bond of zymosterol is located in the side chain 
in an isopropylidene group (not previously observed in the sterol series) is proved by 
the isolation of acetone in 50% yield on ozonolysis, none being obtained in a control 
experiment on the dihydro-sterol, a-zymostenol. The isomerisation of the inert 
ethenoid linkage of the latter with hydrogen chloride to yield B-zymostenol (reducible 
to zymostanol) and the facile oxidation of «-zymostenol with selenium dioxide to 
dehydro-a-zymostenol are analogous to the behaviour of «-ergostenol with these reagents. 
It is thus evident that in zymosterol the second double bond is in the 8 : 14-position 
and that we have the first authenticated example of a natural sterol without the 
familiar 5 : 6-ethenoid linkage. 

The close resemblance in properties between the a- and 8-cholestenols and a- and 
6-zymostenol and their derivatives (Table III) indicates that these compounds are 
respectively identical and provides verification of the suggested locations of the 
ethenoid linkage in the zymostenols. 


THE first authenticated discovery of a sterol other than ergosterol in yeast is due to 
Smedley-MacLean (Biochem. ]., 1920, 14, 484; 1928, 22, 22, 980; Chem. and Ind., 1929, 
48, 295), who isolated a dextrorotatory sterol of m. p. 108—109°, to which the name 
zymosterol and the formula C,,H,,O were assigned. Subsequent workers (Wieland and 
Asano, Annalen, 1929, 473; 300; Wieland and Gough, ibid., 1930, 482, 36; Wieland and 
Kanaoka, ibid., 1937, 580, 146; Haussler and Brauchli, Helv. Chim. Acta, 1929, 12, 187; 
Heilbron and Sexton, J., 1929, 2255; Gesellschaft fiir Chemische Industrie in Basel, D.R.P. 
549,110; Reindel and Weickmann, Amnalen, 1929, 475, 86; 1930, 482, 120), employing 
a variety of methods of isolation, have confirmed its homogeneity, but hitherto no con- 
clusive information as to its constitution has been obtained. The analytical data of 
Reindel and Weickmann (loc. cit., 1930) indicated a formula C,,H,,0 for zymosterol, but 
Wieland and Kanaoka (loc. cit.), by quantitative hydrolysis of the acetate and benzoate, 
eventually established the formula C,,H,,0, suggesting that it is a diethenoid C,,-sterol, 
although Reindel and Weickmann (loc. cit., 1930) were unable to identify zymostanol with 
any known saturated sterol. 

We have isolated zymosterol in reasonable yield from ergosterol residues by the 
convenient method evolved by Heilbron and Sexton (loc. cit.), involving the separation 
of the insoluble dibromide from ethereal solution; the debromination, either by the 
original method of treatment with zinc and hot alcohol, or by the rather slower process 
with zinc and acetic acid in the cold (Reindel and Weickmann, Joc. cit., 1930), leads to 
identical products. The properties of the zymosterol so obtained are in close agreement 
with those described by other workers and as additional proof we have confirmed the 
identity of our product, prepared from the dibromide, with zymosterol obtained by 
fractional crystallisation of the steryl benzoates according to the method of Wieland and 
Asano (loc. cit.). 

That zymosterol contains two ethenoid linkages was revealed by titration with per- 
benzoic acid (Reindel and Weickmann, Joc. cit.), but on catalytic hydrogenation only one 
of the ethenoid linkages is reduced, yielding «-zymostenol. Isomerisation of the latter 
compound with hydrogen chloride in dry chloroform gives 8-zymostenol, which can be 
hydrogenated further to zymostanol, previously prepared by Reindel and Weickmann 
(loc. cit., 1930). We have been able to prove conclusively that pure zymostanol is identical 
with cholestanol by a comparison of the properties of a number of derivatives prepared 
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TABLE I. 
Compound. M. p. [a]?". Lit. m. p. Lit. [a}3". 
Zymosterol 107—109° +650° 107—110° +652-2° 
108—110 +47-3 
108—110 +38-6 (Hg) 
105—107 44-0 
, 108—109 +34-1 (Hg) 
Zymosteryl acetate 107—108 +35 102—104 +33-6 
104—106  +33-5 
106—107 
115 


Zymosterol dibromide 157 + 7-4 157—158 + 7:1 (Hg) 
168 


(1) Reindel and Weickmann, loc. cit. (2) Wieland and Asano, loc. cit. (3) Heilbron and 
Sexton, loc. cit. (4) Haiissler and Brauchli, Joc. cit. (5) Smedley-MacLean, Joc. cit. 


Taste II. 

Compound. M. p. [a]20". Lit. m. p. Lit. [a]?". Ref. 
Zymostanol 140—141° +24-8° 139—140° +20-6°(Hg) (1) 
Cholestanol 140—141 +241 140—141 +23 (6) 


Zymostany] acetate 1 Gey +10-9 130—131 (1) 


Cholestanyl acetate 109—110 +11-5 110 (7) 


Zymostanyl benzoate 131—133 +17°8 _ janie 
Cholestanyl benzoate 131—133 +18-5 135 . (6) 
Zymostanyl phenylurethane 155—156 +11-3 —_— —_ — 
Cholestany! phenylurethane 151 +11-8 _ —- 
Zymostanone 125—126 —_ o— 
Cholestanone 127—128 127—128 4 (6) 
2-Bromozymostanone 166—167 _ — — 
2-Bromocholestanone 167—168 169—170 a (8) 
Zymostanedicarboxylic acid 196—197 P — nie 

Dimethyl ester 


50 — 
Cholestanedicarboxylic acid 195—196 . 195—196 (9) (10) 
Dimethyl ester 58—60 , 60 — 


Zymostane 74—76 —_ — —_ 
Cholestane 79—80 , 80 +24-4 (11) 

(6) Vavon and Jakubowicz, Bull. Soc. chim., 1933, 58, 581. (7) Schenck, Buchholz, and Wiese, 
Ber., 1936, 69, 2696. (8) Butenandt and Wolff, Ber., 1935, 68, 2091. (9) Ruzicka and Plattner, 
Helv. Chim. Acta, 1938, 21,1717. (10) Windaus and Kuhr, Amnalen, 1937, 582,52. (11) Mauthner, 
Monatsh., 1909, 30, 635. . 


under identical conditions (Table II). It will be observed that there is some disagreement 
in the properties of the acetates of the saturated sterols. The previous workers observed 
a remarkably high melting point for zymostanyl acetate (130—131°) which we have been 
unable to confirm, the two samples obtained by the present authors being prepared, in 
the one case, directly by reduction of §-zymostenyl acetate and alternatively, by acetyl- 
ation of zymostanol. No depressions in melting point were observed on mixing the two 
specimens or on admixture of either with cholestanyl acetate, and no explanation, other 
than the possibility of partial racemisation at one of the asymmetric centres, can be offered 
to explain the discrepancy. The rather lower melting points, compared with the cholestane 
derivatives, of zymostane and the dimethyl ester of zymostane-C,||C,-dicarboxylic acid 
are to be attributed to experimental difficulties in the purification of the small amounts 
of these low-melting substances available. 

The carbon skeleton of zymosterol having been established, the position of the two 
ethylenic bonds was next investigated. Our observation that zymosterol dibromide is 
only very slowly debrominated by treatment with sodium iodide in acetone or alcohol 
(Schoenheimer, J. Biol. Chem., 1935, 110, 461) suggested that one of the double bonds 
was located in the side chain. Fernholz and Stavely (J. Amer. Chem. Soc., 1939, 61, 2956) 
have recently taken advantage of a similar observation in order partly to debrominate 
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stigmasteryl acetate tetrabromide. Accordingly the ozonolysis of the sterol was studied 
and a 50% yield of acetone (estimated as its 2 : 4-dinitrophenylhydrazone) was readily 
obtained together with a small quantity of formaldehyde. The isolation of the latter is 
of no consequence, since a rather greater yield was obtained on ozonolysis of cholesterol. 
It now became evident that zymosterol contains an isopropylidene group in the side chain, 
which must be represented by -CHMe’CH,°CH,°CH:CMe, (I), and further, since «-zymo- 
stenol fails to yield any acetone on ozonolysis, it is this side-chain ethylenic linkage which 
is readily hydrogenated. 

In a study of the constitution of the diethenoid, «,-sitosterol, isolated from wheat germ 
oil, Bernstein and Wallis (J. Amer. Chem. Soc., 1939, 61, 2308), having obtained evidence 
for the location of one ethylenic linkage, assumed the position of the other by analogy, 
since ‘‘ all natural sterols which are unsaturated have been found to have one double bond 
in the 5 : 6-position ”’. The location of the second ethylenic linkage of zymosterol in this 
position is improbable for several reasons. Sterols with 5: 6-unsaturation are usually 
readily hydrognated, and the high dextrorotatory power of zymosterol (and some of 
the other yeast sterols) is a strong indication of the absence of the familiar 5 : 6-ethenoid 
linkage (cf. «-spinasterol; Simpson, J., 1937, 730). We have been unable to obtain any 
evidence (absorption spectrum) of the formation of an «f-unsaturated ketone on oxidation 
of zymosterol by the Oppenauer method (Rec. Trav. chim., 1937, 56, 137), which can now 
be regarded as a characteristic test for 5 : 6-unsaturation, and distillation of zymosterol 
with anhydrous copper sulphate fails to produce a hydrocarbon containing a conjugated 
system (cf. Mauthner and Suida, Monatsh., 1896, 17, 29). 

The behaviour of «-zymostenol in its isomerisation to 6-zymostenol, which no longer 
resists hydrogenation, is very reminiscent of the conversion of a-ergostenol (II, R = 
C,H, ,) (Heilbron and Wilkinson, J., 1932, 1708) and a-cholestenol (II, R = C,H,,) (Schenck, 
Buchholz, and Wiese, Ber., 1936, 69, 2696) into the ee B-stenols (III). Both 


gs ns Since: 


y-cholestenol (IV) (Schenck, Buchholz, and Wiese, loc. cit.) and 8-cholestenol (V) (Windaus, 
Linsert, and Eckhardt, Annalen, 1938, 534, 22) contain ‘nue ethylenic linkages and the 
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possibility that zymosterol has an inert ethenoid linkage in one or othér of these positions 
cannot immediately be excluded. It has been found, however, that zymosterol is quite 
unaffected by shaking with platinum-black, whereas, under these conditions, both the y- 
and 8-cholestenols are isomerised to the stable «-cholestenol, and a careful comparison 
of the properties of the latter with «-zymostenol reveals that these two compounds and 
their derivatives are almost certainly identical (Table III), although a direct comparison 
has not been possible. 

On isomerisation of «-zymostenol with hydrogen chloride in chloroform we have obtained 
a B-isomer, identical in properties with the 8-zymostenol described by Reindel and Weick- 
mann (loc. cit., 1930). We believe, however, that, like the -ergostenol prepared in a 
similar manner, this almost certainly contains some unchanged a-isomer. By employing 
a-zymostenyl benzoate (cf. Heilbron and Wilkinson, Joc. cit.) in place of the free sterol, it 
has been possible to complete the isomerisation and obtain a pure 8-zymostenyl benzoate, 
yielding a §-zymostenol on hydrolysis, both of which in properties closely resemble 
B-cholestenol and its benzoate (Table III). Whereas there would appear to be little doubt 
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Compound. 
a-Zymostenol 


a-Cholestenol 
a-Zymostenyl acetate 
a-Cholestenyl acetate 
a-Zymostenyl benzoate 
a-Cholestenyl benzoate 


TABLE III. 
[a]}2*. 
+20-8° 


M. p. 
119—120° 


+ 7-6 


+ 6-4 


Lit. m. p. 
120—122° 
120—121 
115—116 
119—120 

81—84 
17—18 


—_— 


115 
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Lit. [a]™. 
+20-7° 
+28-7 
72 (Hg) 
+20 

>. 
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Ref. 


(1) 


(12) 


(3) 
(7) 


(1) 
(7) 


(2 


B-Zymostenol +30°5 _— _— 
B-Cholestenol —- — 130 (7) 


B-Zymostenyl acetate 76—77 _ 
B-Cholestenyl acetate — —- 


f-Zymostenyl benzoate 165—166 +31-9 — 
B-Cholestenyl benzoate — — 168 


(12) Wieland and Kanaoka, loc. cit. 


91—92 (7) 
432-5 (7) 
that 8-zymostenol is identical with 6-cholestenol, we have so far been unable to raise the 


melting point of -zymostenyl acetate to that recorded in the literature for 6-cholestenyl 
acetate. While both zymosterol and 6-zymostenol give approximately theoretical values 


on titration with perbenzoic acid, we find that a-zymostenol, in contradiction to Reindel 
and Weickmann (loc. cit.), takes up twice the expected amount of oxygen. Such an 
anomaly is not without parallel in the sterol series (Fernholz and Moore, J. Amer. Chem. 
Soc., 1939, 61, 2467; Windaus and Liittringhaus, Annalen, 1930, 481, 119). 

A further analogy between «-zymostenol and «-ergostenol has been revealed by the 
oxidation of the former with selenium dioxide (cf. Callow, J., 1936, 462) to dehydro-a- 
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zymostenol (V1), m. p. 98—99°, exhibiting light absorption (max. at 2475 A.) similar to that 
of dehydro-«-ergostenol (Windaus and Liittringhaus, loc. cit.). 

From the evidence which has been offered it is clear that zymosterol has the constitution 
(VII) (i.e., a A®:14 24:25_cholestadienol) and hence represents the first authenticated 
example of a natural sterol devoid of the 5 : 6-ethenoid linkage. 


EXPERIMENTAL. ° 


M. p.’s are uncorrected and rotations were measured in chloroform in a 1 dem. tube. All 
specimens for analysis were dried in a high vacuum (10-* mm.) for several hours at temperatures 
about 30° below the m. p. The ergosterol residues had m. p. about 100°, [«]?” +. 12° and 
Ej%,, at 2800 a. = 50, equivalent to about 15% of residual ergosterol. 

Zymosterol Dibromide.—To an ice-cold solution of the yeast sterols (5 g.) in dry ether 
(100 c.c.), bromine in acetic acid (30 c.c.; 10%) was added over about a minute with vigorous 
shaking, the separated dibromide being ‘filtered off after standing for a further 10 minutes at 
0°, washed with a small quantity of alcohol, and dried in air. Yield, 1-3—1-5g. The crude 
bromide was crystallised once from alcohol-chloroform (3 : 1) and then twice from ethyl acetate, 
from which zymosterol dibromide separated in needles, m. p. 157°, [a]#" + 7:4° (c = 3-3) 
(Found: C, 59-3; H, 8-45; Br, 27-3. Calc. for C,,H,OBr,: C, 59-5; H, 82; Br, 20-4%). 
Treatment of the dibromide with sodium iodide in alcohol for 2 hours under reflux effected 
only partial debromination. 

Zymosterol.—(a) The pure dibromide (4 g.), suspended in acetic acid (400 c.c.; 95%) and 
shaken for 18 hours with zinc dust (8 g.), still contained halogen, but after two additions of 
fresh zinc dust and shaking for a further 36 hours, a halogen-free product was obtained by 
filtration and precipitation with water. The zymosterol crystallised from methyl alcohol in 
plates, m. p. 107—109°, [a]? + 47-6° (c = 1-7). 

(b) The pure dibromide (10 g.) in alcohol (500 c.c.) was treated with activated (ammonium 
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chloride) zinc dust (14 g.), and the mixture heated under reflux for 1 hour. The major portion 
of the solvent was distilled off, and the filtered solution diluted with water and extracted with 
ether, the ethereal solution being washed with water and dried. The halogen-free residue, on 
crystallisation from methyl] alcohol or acetone, yielded zymosterol (5-4 g.), m. p. 107—109°, un- 
depressed on admixture with a specimen prepared by method (a), [a]? + 49° (c = 1-4). After 
sublimation at 100°/10 mm., it had m. p. 107—109° and [a]? + 50° (c = 1-6) (Found: 
C, 84:1; H, 11-8. Calc. for C,,H,O: C, 84:3; H, 116%). After shaking with platinum- 
black in an atmosphere of nitrogen for 18 hours, the recovered zymosterol had m. p. 107—109° 
and fa]? + 51° (c = 1-2). Debromination of the crude dibromide by this method, followed 
by acetylation and fractional crystallisation of the product, resulted in a partial separation 
into a fraction corresponding to zymosteryl acetate, m. p. 95—102°, and a second fraction, 
m. p. 115—120°. 

(c) Ergosterol residues (150 g.) were heated on the steam-bath for 2 hours with pyridine 
(600 c.c.) and benzoyl chloride (150 g.) and poured on ice. The solid obtained was washed 
with water and alcohol, dried, and dissolved in hot ethyl acetate (1500 c.c.). The crystalline 
benzoate separating on cooling was removed, and the solution concentrated, the process being 
repeated several times until no more solid benzoate could be obtained. The last solid fraction 
(21 g.) was hydrolysed with alcoholic potassium hydroxide (210 c.c.; 10%) under reflux for 1 
hour, and the sterol mixture isolated by means of ether and twice crystallised from methyl 
alcohol—acetone, giving impure zymosterol, m. p. 96°. A solution of this sterol in dry benzene 
(150 c.c.) was thrice percolated through a column of alumina and the residual solid, after removal 
of the benzene, on crystallisation from acetone gave zymosterol in flat needles, m. p. 105—108°, 
undepressed on admixture with authentic material, [«]?" + 46° (c = 1:3). This product, in 
spite of the repeated adsorption, still gave a faint pink coloration with antimony trichloride 
in chloroform. 

Pure zymosterol as prepared by methods (a) and (b) gives no coloration with the antimony 
trichloride reagent. With the Salkowski test an orange-yellow acid layer is observed, a pale 
green colour is produced by the Tortelli-Jaffé reaction, and the Liebermann—Burchard test 
gives an immediate red colour, transformed to green within a few minutes. 

Zymosterol (94 mg.) was set aside at 0° with a solution of perbenzoic acid in chloroform 
(10 c.c.; 0-14n). At intervals samples of the solution were treated with an excess of potassium 
iodide solution and titrated against 0-06N-sodium thiosulphate, all measurements being standard- 
ised against a blank consisting of the same volume of perbenzoic acid in chloroform. After 
24 hours one mole of the sterol had absorbed 2-1 atoms of oxygen. 

Zymosteryl Acetate-—Prepared in the usual manner, the acetate, after two crystallisations 
from methyl alcohol, had m. p. 107—108°, mixed with zymosterol, m. p. 84°; [a]? + 35° 
(c = 1-3) (Found: C, 81-3, 81-5; H, 10-9, 10-7. Calc. for C,,H,,O,: C, 81-6; H, 10-9%). 

a-Zymostenol.—Zymosterol (12-5 g.) in ether (65 c.c.) and acetic acid (125 c.c.) was shaken 
with hydrogen at atmospheric pressure in the presence of platinic oxide (Adams) (0-5 g.) for 
1 hour, after which time no further absorption took place. The filtered solution was diluted 
with water and extracted with ether, the extract being washed with water and sodium bicarbon- 
ate solution, dried, and evaporated. On crystallising the residue three times from methyl 
alcohol, a-zymostenol (10-5 g.) was obtained in flat needles, m. p. 119—120°, [a]?” + 20-8° 
(c = 2-1). «-Zymostenol (103 mg.) was treated with perbenzoic acid in chloroform (10 c.c.; 
Q-12N) in the manner already described. After 24 hours one mole of the sterol had taken 
up 1-9 atoms of oxygen. 

a-Zymostenyl Acetate-—Prepared with acetic anhydride and pyridine, the acetate formed 
plates from aqueous methyl alcohol, m. p. 77—78°, [a]? + 7-6° (c = 2-0). 

a-Zymostenyl Benzoate-—The benzoate, prepared with benzoyl chloride and pyridine, was 
crystallised from both acetone and methyl alcohol—ethyl acetate, separating from these solvents 
in felted needles, m. p. 109—111°, [a]? + 6-4° (c = 2-0) (Found: C, 83-05; H, 10-4. C,,H,,0, 
requires C, 83-2; H, 103%). 

Isomerisation of a-Zymostenol with Hydrogen Chloride—A rapid stream of dry hydrogen 
chloride was passed into a solution of a-zymostenol (8 g.) in dry chloroform (100 c.c.) at 20° 
for 1 hour; the yellow solution was then evaporated, and the residue crystallised from 
aqueous alcohol, from which the « + §-zymostenol complex separated in plates of constant m. p. 
98—99°, [a]? + 26-9° (c = 1-6). The complex (99 mg.) was treated with perbenzoic acid 
in chloroform (10 c.c.; 0-15N) in the manner already described. After 24 hours one mole of 
the sterol had taken up 1-1 atoms of oxygen. The acetate formed microscopic flat needles 
from acetone—methyl alcohol, m. p. 70—71°, [a]?” + 11-0° (c = 1-5). 
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8-Zymostenyl Benzoate.—Dry hydrogen chloride was passed for 3 hours into a solution of 
a-zymostenyl benzoate (1 g.) in dry chloroform (50 c.c.) at 0°. B-Zymosienyl benzoate was 
crystallised alternately from acetone and methyl alcohol-ethyl acetate, separating in needles, 
m. p. 165—166°, [a]?* + 31-9° (c = 1-0) (Found: C, 83-25; H, 10-4. C,,H,,O, requires 
C, 83-2; H, 10-3%). 

8-Zymostenol.—A solution of the benzoate (130 mg.) in alcoholic potassium hydroxide 
(10 c.c.; 3%) was heated under reflux for 2 hours. The product, isolated in the usual manner, 
was percolated in benzene solution through a column of alumina, and after evaporation the 
residue was crystallised from acetone—methyl alcohol, yielding B-zymostenol in felted needles, 
m. p. 128°, [a]?” + 30-5° (c = 0-9) (Found: C, 84-3, 84-2; H, 12-1, 12-2. C,,H,,O requires 
C, 83-9; H, 12-0%). The acetate, crystallised from methyl alcohol, had m. p. 76—77° (Found : 
C, 81-1; H, 11-2. C,,H,,O, requires C, 81-2; H, 113%). 

Zymostanol.—B-Zymostenol (4-5 g.), obtained by isomerisation of «-zymostenol, was hydro- 
genated in acetic acid solution with platinic oxide (0-2 g.). The crude product, m. p. 118°, was 
re-treated with hydrogen chloride and hydrogenated again, yielding a product which after 
crystallisation from aqueous methyl alcohol had m. p. 140°, [a]#’ + 23-4° (c= 2-0). In 
order completely to remove the last traces of unsaturated sterol, this material was treated 
according to the method of Anderson and Nabenhauer (J. Amer. Chem. Soc., 1924, 46, 1957). 
A mixture of this zymostanol (7 g.), acetic anhydride (35 c.c.), and carbon tetrachloride 
(70 c.c.) was shaken with sulphuric acid (1-75 c.c.); after 15 minutes, water (3-5 c.c.) was added, 
and the carbon tetrachloride layer washed with small quantities of water until colourless, 
This process was continued until the addition of sulphuric acid produced no coloration. The 
residue obtained on removal of the carbon tetrachloride was heated under reflux with alcoholic 
potassium hydroxide (230 c.c.; 3%), and the product, isolated by means of ether (charcoal), 
crystallised from aqueous alcohol, yielding zymostanol in plates, m. p. 140—141°, [«]}” + 24-8° 
(c = 0-6) (Found: C, 83-65, 83-4; H, 12-6, 12-4. Calc. for C,,H,,0: C, 83-4; H, 12-5%). 

A specimen of cholestanol, prepared by the reduction of cholesterol, and purified in the 
same manner as zymostanol, had m. p. 140—141°, undepressed on admixture with zymostanol ; 
[x}?" 4+ 24-1° (c = 0-6). 

Zymostanyl Acetate.—(a) Prepared in the usual manner by acetylation of zymostanol, the 
acetate was crystallised first from acetone—methyl alcohol and then repeatedly from aqueous 
methyl alcohol, separating in flat needles of constant m. p. 114—116°, [a]?” + 10-9° (c = 1-2) 
(Found: C, 80-9; H, 11-5. Calc. for C,H,,0,: C, 80-8; H, 11-7%). Cholestanyl acetate 
produced under the same conditions had m. p. 109—110°, and when mixed with the zymostanyl 
acetate, m. p. 110—112°; [aj#° + 11-5° (c = 1-8). 

(b) 6-Zymostenyl acetate (800 mg.), containing some of the a-isomer, was hydrogenated 
in acetic acid (50 c.c.) in the normal manner with platinic oxide. The product was treated 
with acetic anhydride and sulphuric acid as described above, except that the subsequent hydro- 
lysis was omitted, and repeated crystallisation from aqueous methyl alcohol gave zymostanyl 
acetate of constant m. p. 109—110°, undepressed on admixture with cholestanyl acetate and 
having m. p. 110—113° on admixture with the zymostanyl acetate prepared under (a). Hydro- 
lysis gave zymostanol, which on crystallisation from aqueous alcohol had m. p. 140—141°, 
undepressed on admixture with a specimen obtained by the alternative method. 

Zymostanyl Benzoate.—This was prepared with benzoyl chloride and pyridine in the cold and 
after repeated crystallisation alternately from acetone and methyl alcohol—ethyl acetate, zymo- 
stanyl benzoate was obtained in feathery needles, m. p. 131—133°, [a]? + 17-8° (c = 1-3) 
(Found: C, 82-9; H, 10-7. .C,,H,,0, requires C, 82-85; H, 10-7%). Cholestanyl benzoate 
prepared under identical conditions had m. p. 131—133°, undepressed on admixture with 
zymostanyl benzoate; [a]? + 18-5° (c = 0-7). 

Zymostanyl Phenylurethane.—A solution of zymostanol (100 mg.) in dry benzene (2 c.c.) was 
heated under reflux for 4 hours with phenyl isocyanate (200 mg.). The reaction mixture was 
evaporated under diminished pressure and repeated crystallisation of the residue from aqueous 
alcohol gave zymostanyl phenylurethane in plates, m. p. 155—156°, [a]? + 11-3° (c = 1-9) 
(Found: C, 80-5; H, 10-4. C,,H,,0,N requires C, 80-4; H, 105%). Cholestanol under the 
same conditions gave cholestanyl phenylurethane in plates, the m. p. of which could not be raised 
above 151°, but a mixture with the zymostanol derivative had m. p. 151—153°; [a]? + 11-8° 
(¢ = 1-5) (Found: C, 80-4; H, 10-5. C,,H,,O,N requires C, 80-4; H, 105%). 

Zymostanone.—To a suspension of zymostanol (1 g.) in acetic acid (360 c.c.; 95%), a solution 
of chromic anhydride (250 mg.) in water (2 c.c.) and acetic acid (60 c.c.) was added during 30 
minutes with stirring and the mixture was then kept for 20 hours at 20°, The reaction mixture 
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was evaporated under diminished pressure, the residue treated with sulphuric acid (100 c.c.; 
6n), and the neutral portion isolated by means of ether, acidic products being removed by 
washing with sodium hydroxide solution (7%). After several crystallisations, zymosianone 
(620 mg.) separated from methy] alcohol in small needles, m. p. 125—126°, [a]?” + 40° (c = 1-0) 
(Found: C, 83-7, 83-5; H, 12-3, 12-25. C,,H,,O requires C, 83-8; H, 120%). A specimen 
of cholestanone obtained in the same manner had m. p. 127—128°, undepressed on admixture 
with zymostanone; [a]?” + 40° (c = 1-1). 

Bromozymostanone.—To a solution of zymostanone (100 mg.) in acetic acid (4 c.c.), a drop of 
a solution of hydrogen bromide in acetic acid (50%) and a solution of bromine in acetic acid 
(0-24 c.c.; 16°5%) were added. Decoloration was rapid and crystals began to separate. After 
leaving overnight, the bromozymostanone was separated and crystallised from acetic acid and 
aqueous alcohol, separating from the latter solvent in needles, m. p. 166—167° (Found : 
C, 69-5; H, 10-0. C,,H,,OBr requires C, 69-6; H, 9-8%). It gave no depression in m. p. on 
admixture with a specimen of 2-bromocholestanone, m. p. 167—168°, prepared under identical 
conditions. 

Zymostane-C,||C,-dicarboxylic Acid.—A solution of chromic anhydride (1 g.) in acetic acid 
(10 c.c.; 90%) was added to zymostanol (1 g.) in acetic acid (30 c.c.; 90%), and the mixture 
kept at 60° for 2 hours. After dilution with sulphuric acid (100 c.c.; 6N) the precipitated solid 
was taken up in ether, the acid extracted with sodium hydroxide solution (7%) and isolated, after 
acidification, by means of ether. Zymostane-C,||C,-dicarboxylic acid was crystallised twice from 
acetic acid and finally from ethyl acetate—light petroleum (b. p. 40—60°), from which it separated 
in plates, m. p. 196—197°, [a]? + 33-4° (c = 1-0) (Found: C, 74-8; H, 10-9. C,,H,,0, 
requires C, 74-6; H, 10-7%). The acid produced by a similar oxidation of cholestanol had 
m. p. 195—196°, undepressed on admixture with the acid from zymostanol; [a]? + 35-7° 
(c = 1-0). 

Prepared by treatment of the acid with diazomethane, methyl zymostane-C,||C,-dicarboxylate 
crystallised with difficulty from aqueous methyl alcohol and had m. p. 50°, [a]? + 23-7° (c = 
0-9) (Found: C, 75-7; H, 11-1. CygHs,O, requires C, 75-25; H, 109%). The ester of the 
cholestane di-acid had m. p. 58—60°, a mixture with zymostane ester having m. p. 55—56°; 
[a]20” + 23-3° (c = 1-0). 

Zymostane.—A mixture of zymostanone (200 mg.), amalgamated zinc (2 g.), and acetic acid 
(50 c.c.) was heated under reflux for 7 hours with hydrochloric acid (5 c.c.). The filtered 
solution, after cooling, was diluted with water; zymostane, isolated by means of ether, crystallised 
from aqueous alcohol in plates, m. p. 74—76°, [a]? + 20-9° (c = 1-0) (Found: C, 87-2; H, 
13-0. C,,H,, requires C, 87-0; H, 13-0%). Cholestane prepared under the same conditions 
had m. p. 79—80°, mixed with zymostane, m. p. 77—78°; [a]? + 22-1° (c = 1-2). 

Ozonolysis of Zymosterol.—The sterol (1 g.) was suspended in purified acetic acid (10 c.c.; 
Orton and Bradfield, J., 1924, 125, 960), and ozonised oxygen (3%) passed in for 3 hours, the 
issuing gases being led into water. The reaction mixture, combined with the wash-water, was 
diluted and distilled in steam until the distillate no longer gave a precipitate with dinitrophenyl- 
hydrazine sulphate solution. The whole distillate was treated with an excess of the latter reagent, 
the derivative being filtered off and dried (322 mg.; 52% as acetone derivative) (see, however, 
Coulson and Holt, Chem. and Ind., 1939, 58, 267). It was purified by percolation of a benzene 
solution through alumina (Strain, J]. Amer. Chem. Soc., 1935, 57, 758); evaporation of the pale 
yellow filtrate and crystallisation of the residue from alcohol then gave.the dinitrophenyl- 
hydrazone in yellow needles, m, p. 125°, undepressed on admixture with a specimen of the 
acetone derivative of m. p. 126° (Found: N, 23-55. Calc. for C,H,,O,N,: N, 23-5%). Ina 
later experiment the acetone was identified by conversion into the 4-phenylsemicarbazone, 
which after crystallisation from alcohol had m. p. 157°, either alone or in admixture with an 
authentic specimen. From neither of these experiments could either neutral or acidic crystalline 
material be isolated from the non-volatile portion. 

On ozonolysis of a similar quantity of a-zymostenol, only traces of steam-volatile ketonic 
material were produced, the quantity of dinitrophenylhydrazone being insufficient to purify, 
and ozonolysis of cholesterol gave a 14% yield of impure formaldehydedinitrophenylhydrazone, 
which after chromatographic purification and crystallisation was indistinguishable from an 
authentic specimen. 

Dehydro-a-zymostenol.—A solution of a-zymostenol (500 mg.) in alcohol (75 c.c.) and water 
(25 c.c.) was heated under reflux for 1 hour with selenium dioxide (500 mg.); the hot solution 
was then filtered and carefully diluted with water. The solid which separated on cooling was 
filtered off and dissolved in benzene, the solution percolated twice through a column of alumina, 
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and the residue obtained on evaporation crystallised from aqueous methyl] alcohol, from which 
dehydro-a-zymostenol separated in plates, m. p. 98—99°, [a]?” — 9-1° (¢ = 1-1). Satisfactory 
analytical data could not be obtained, probably owing to the presence of traces of selenium 
(Found: C, 83-45; H, 11-1. C,,H,O requires C, 84-3; H,11-6%). Light absorption in alcohol : 
Maximum, 2475 a.; log ¢ = 4:16. Dehydro-«-zymostenol gives no colour with antimony 
trichloride in chloroform, and with trichloroacetic acid a pink colour is observed, changing to 
blue-green in the presence of lead tetra-acetate (von Christiani and Auger, Ber., 1939, 72, 1124, 
1482). Dehydro-«-ergostenol gives a faint pink colour with antimony trichloride and identical 
colours in the latter test. 


The authors desire to express their thanks to the Rockefeller Foundation for valuable 
financial assistance and to Glaxo Laboratories, Ltd., for gifts of the sterol mixture employed 
in this investigation. 
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276. The Preparation of dl-Asparagine and dl-Aspartic Acid, 
By WESLEY COCKER. 


dl-Asparagine and dl-aspartic acid have been prepared as follows: An ethereal 
solution of the oxime of ethyl oxaloacetate prepared from its sodio-derivative was 
reduced by means of aluminium amalgam to ethyl aspartate. The latter was con- 
verted into asparagine by heating with concentrated aqueous ammonia in a sealed tube 
or alternatively was hydrolysed with water under pressure to yield aspartic acid. The 
overall yields of the products were 30% and 45% respectively. 


THE synthetic methods for the preparation of asparagine are largely due to Piutti (Gazzetta, 


1887, 17, 126; 1888, 18, 472), who reduced the oxime of ethyl oxaloacetate with sodium 
amalgam in dilute acetic acid, thus obtaining a mixture of isomeric monoethy]l aspartates, 
from which 8-monoethyl aspartate was isolated through its copper salt. From this ester 
he obtained asparagine by heating with alcoholic ammonia. This procedure has been 
repeated and found to be tedious and expensive, and for the same reason a second method 
due to Piutti (Ber., 1896, 29, 2070) cannot be recommended to other workers. In the 
latter method maleic anhydride is heated with aqueous ammonia under pressure. 

It has now been shown that ethyl aspartate of the highest purity can be obtained in 
60% yield by reduction of an ethereal solution of the oxime of ethyl oxaloacetate with 
aluminium amalgam. No other materials were discovered in the reduction product and 
it is probable that the losses are due to incomplete reaction during oximation. The yield 
stated is much higher than that obtained by Enkvist (Ber., 1939, 72, 1930) by the reaction 
of fumaric or maleic acid with ammonia, followed by esterification of the product. 

Many attempts were made to reduce the oxime catalytically with palladium charcoal 
in methyl alcohol, the time and the pressure of hydrogen being varied. Acid conditions 
did not assist and neither Raney nickel nor platinum effected reduction. 

The conversion of ethyl aspartate into asparagine was performed with hot aqueous 
ammonia under pressure, and during this reaction the «-ester group was hydrolysed and 
the $-ester group was converted into the amido-group. This is in accordance with the 
work of E. Fischer on the ready hydrolysis of a-amino-esters. The yield of asparagine was 
44%, calculated on the ester used, and the product was so pure that repeated crystallisation 
only raised the m. p. by 1°. 

Aspartic acid has been prepared by heating ethyl aspartate with water under pressure 
at 150°. The aqueous solution thus obtained contained only aspartic acid, which was 
isolated in 70% yield. This method compares favourably with the method of Dunn and 
Fox (J. Biol. Chem., 1933, 101,.493) in which aspartic acid is produced in 60% yield by 
heating ethyl fumarate with alcoholic ammonia. The method now described is simpler. 
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EXPERIMENTAL. 


Ethyl Oxaloacetate Oxime.—The sodio-derivative of ethyl oxaloacetate (5 g.) was added toa 
solution of hydroxylamine hydrochloride (2-4 g.; 1-5 mols.) in 5 c.c. of water, and the mixture 
shaken until solution of the sodio-derivative was complete. Barium carbonate (0-5 g.) was 
then added, and the mixture shaken for 1 hour. The liquid was filtered, and the precipitate 
washed with ether. The filtrate, containing oily drops of the oxime, was extracted thrice with 
ether and the combined extracts and washings (about 30 c.c.) were dried over sodium sulphate. 

Ethyl Aspartate.—Aluminium foil (1-3 g.), cut into pieces about }”’ square and loosely folded, 
was amalgamated by Vogel’s method (J., 1927, 597; see also Baker, this vol., p. 459) and 
covered with commercial “‘ not for anzsthesia’’ ether. The ethereal solution of the oxime 
(above), decanted from the sodium sulphate, was added rapidly to the reducing agent contained 
in a flask fitted with a reflux condenser. The flask was immersed in cold water, and the mixture 
kept for 12—15 hours with periodical shaking during the first two or three hours. Cooling was 
necessary during reduction, since otherwise the reaction became violent and quantities of 
ammonia were produced. At the end of the reduction the liquid was filtered (pump), the sludge 
of aluminium hydroxide washed three times with ether, and the combined ethereal solutions 
freed from solvent on the water-bath. The residue was distilled under reduced pressure. 
After removal of traces of alcohol ethyl aspartate distilled as a colourless oil (2-7 g., 70% of the 
theoretical), b. p. 97—98°/1 mm. (Found: C, 50-5; H, 7-5; N, 7-7. Calc. for C,H,,0O,N : 
C, 50-8; H, 7-9; N, 74%). The phenylcarbamido-derivative was prepared by adding phenyl 
isocyanate (0-3 g.) to the ester (0-5 g.), stirred and cooled under running water. The white 
solid produced was collected, washed with a little cold benzene, and recrystallised from that 
solvent, forming clusters of colourless pointed prisms, m. p. 104° (Found: C, 58-5; H, 6-1; 
N, 8-9. C,;H.,.0O,N, requires C, 58-4; H, 6-5; N, 9-1%). 

Acetyl derivative. A mixture of ethyl aspartate (2 g.) and acetic anhydride (1 g.) was warmed 
on the water-bath for } hour and then distilled under reduced pressure. A colourless viscous oil 
was collected at 143—145° /4—5 mm., and this set to a colourless glass which refused to crystallise 
after standing for 8 weeks (Found: C, 51-2; H, 7-6; N, 6-0. C,.H,,0O,;N requires C, 52-0; 
H, 7-4; N, 60%). 

Asparagine.—A mixture of ethyl aspartate (2-8 g.) and aqueous ammonia (40 c.c.; d, 0-880) 
was heated in a sealed tube immersed in boiling water for 24 hours. The clear liquid was then 
heated over a free flame to remove the excess of ammonia, evaporated on the water-bath to 
15 c.c., and set aside to crystallise. Asparagine was collected in a series of crops (m. p. 296°), 
leaving a syrupy mother-liquor. Each crop was washed with a little cold dilute alcohol; the 
united crops crystallised from hot dilute alcohol in large hexagonal prisms (0-8 g., 44% of the 
theoretical), m. p. 297° (Piutti, Gazzetia, 1887, 17, 126, gives-‘m. p. 275°). For analysis the 
asparagine was dried for 4 hours at 110° (Found: C, 36-6; H, 6-4; N, 21-5. Calc. for C,H,O,N,: 
C, 36-4; H, 6-1; N, 21-2%). The presence of further quantities of asparagine in the syrupy 
mother-liquor was demonstrated by benzoylation as described below. Practically pure benzoyl- . 
asparagine (about 0-5 g.) was obtained. 

Benzoylasparagine. This was obtained by shaking a mixture of asparagine in dilute sodium 
bicarbonate solution with a slight excess of benzoyl chloride. The clear solution was then 
acidified, and the precipitate collected, dried, and freed from benzoic acid by repeated extraction 
with light petroleum (b. p. 40—60°). The residue crystallised from hot water in long colourless 
prisms, m. p. 190—191° (decomp.) (Found: C, 55-4; H, 5-0; N, 11-5. Galc. for C,,H,,0,N, : 
C, 55-9; H, 5-1; N, 11-9%) (Cherbuliez and Chambers, Helv. Chim. Acta, 1925, 8, 398, give 
m. p. 190—196°, but state that benzoylasparagine prepared from asparagine in aqueous solution 
contains some benzoylaspartic acid). 

Benzenesulphonylasparagine. Prepared according to the method of Berlingozzi and Carobbi 
(Gazzetta, 1930, 60, 573), this crystallised from hot water (charcoal) in large, colourless, 
pointed prisms, m. p. 174—175° (Found: C, 44-35; H, 4-05; N, 10-8. Calc. for C,,H,,0,N,S : 
C, 44-1; H, 4-4; N, 10-3%). 

Aspartic Acid:—Ethyl aspartate (1-0 g.) was dissolved in water (20 c.c.) and heated in a 
sealed tube for 2 hours at 115—120° and then at 140—150° for a further 5 hours. The mixture 
was evaporated until crystallisation commenced and was then set aside to cool slowly. Large 
colourless rectangular prisms were deposited (0-5 g., 70% of the theoretical), m. p. 338—339° 
(decomp.) (Dunn and Smart, J. Biol. Chem., 1930, 89, 41, give m. p. 326°; Enkvist, loc. cit., 
gives m. p. 227—228°. The latter may bea misprint). On recrystallisation from dilute alcohol 
no further rise in m. p. was observed (Found: C, 36-3; H, 5-7; N, 10-9. Calc. for C,H,O,N : 
C, 36-1; H, 5-3; N, 10-5%). 
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The phenylhydantoin was obtained by shaking a solution of aspartic acid with a slight excess 
of phenyl isocyanate. The liquid was then filtered to remove carbanilide and was acidified and 
warmed on the water-bath for a short time. On cooling, the required compound was deposited ; 
it crystallised from hot water in long colourless needles, m. p. 225—225-5° (Found: C, 56-1; 
H, 4:7. C,,H,,O,N, requires C, 56-4; H, 4-3%). 

The benzoyl derivative was prepared in presence of sodium bicarbonate ; the alkaline solution 
was then acidified, the precipitate collected, washed with water, dried, and extracted with light 
petroleum to remove benzoic acid, and the residue (m. p. 166°) repeatedly crystallised from 
boiling water. The m. p. fell to 160° and then to 158° (compare Fischer, Ber., 1899, 32, 2460, 
who gives m. p. 164—165°, and Karrer and Schneider, Helv. Chim. Acta, 1930, 18, 1286, who give 
m. p. 175° and m. p. 119° for the monohydrate). For analysis the compound was dried at 110° 
for 4 hours; it then had m. p. 165—166° (Found: C, 55-7; H, 4:8; N, 6-3. Calc. for 
C,,H,,0,N : C, 55-7; H, 4-6; N, 5-9%). 

The benzenesulphonyl compound crystallised from water in large colourless prisms, 
m. p. 181—182° (Found: C, 44-3; H, 4-2. Cy 9H,,O,NS requires C, 44-0; H, 40%). 


Kine’s COLLEGE, UNIVERSITY OF DURHAM. [Received, September 26th, 1940.} 





277. Constituents of the Higher Fungi. Part II. The Unsaturated 
System of Polyporenic Acid A. 


By L. C. Cross and E. R. H. JONgs. 


Dihydropolyporenic acid A has been prepared by partial catalytic hydrogenation 
and its methyl ester and methyl ester-monoacetate have been obtained. Ozonolysis of 
the methyl ester-acetate of polyporenic acid A gives a 50% yield of formaldehyde, 
and, since none is obtained on ozonolysis of the corresponding dihydro-compound, 
the reactive double bond of acid A must be present in an exocyclic methylene group. . 


In Part I (this vol., p. 632) it was demonstrated that polyporenic acid A, a constituent 
of the fungus Polyporus betulinus Fr., is a diethenoid dihydroxy-acid of probable formula 
Cy9H,,O0,, its diethenoid nature being established by quantitative microhydrogenation 
and by titration with perbenzoic acid. We have now examined in greater detail the hydro- 
genation of acid A and find that in acetic acid solution in the presence of platinum-black 
at atmospheric pressure and temperature one mole of hydrogen is rapidly absorbed, after 
which the rate of hydrogenation diminishes abruptly. The product of this partial reduc- 
tion, dihydropolyporenic acid A, Cyg5H590,, has been characterised by the preparation of 
the methyl ester and the methyl ester-monoacetate. 

The marked difference in reactivity between the two double bonds of polyporenic acid 
A suggested that the readily reducible bond might be located in a side chain and consequently 
the methyl ester-acetate was ozonised, a 50% yield of formaldehyde being obtained. In 
order to confirm that it is the readily reducible double bond of polyporenic acid A which is 
present in an exocyclic methylene group it has been established that no more than a 4% 
yield of formaldehyde is obtained on ozonolysis of the methyl ester-acetate of dihydro- 
acid A under similar conditions. It is now evident that polyporenic acid A may be closely 
related to those triterpenes known to possess an exocyclic ethenoid linkage, viz., basseol 
(Beynon, Heilbron, and Spring, J., 1937, 989), lupeol and betulin (Jones and Meakins, 
this vol., p. 456). The facility with which the one ethenoid linkage in acid A can be 
hydrogenated, however, is more reminiscent of the behaviour of lupeol than of basseol, 
the reduction of the latter being difficult to accomplish. Further, polyporenic acid A is 
rather more stable to cyclising agents than was at first thought and treatment of the methyl 
ester with formic acid in the cold, effective in cyclising basseol acetate into -amyrin 
acetate, merely results in the formation of the methyl ester-formate of polyporenic acid A, 
which regenerates the acid A on hydrolysis with alcoholic alkali. 

The neutral portion of the non-volatile residue from the ozonolysis of the methyl ester- 
acetate of polyporenic acid A yielded a small quantity of a crystalline methyl ester keto- 
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acetate (?), CypH;90,. Quantitative microhydrogenation indicates the presence of an 
ethenoid linkage or carbonyl group in the compound and the absorption spectrum, although 
somewhat ambiguous, also suggests the presence of a carbonyl group. The ozonolysis of 
the dihydromethy] ester-acetate also yielded a neutral substance, m. p. 189°, probably 
formed by the action of ozone on the second ethenoid linkage of polyporenic acid. 


EXPERIMENTAL. 


All m. p.’s are uncorrected. Analytical specimens were dried in a high vacuum (10-* mm.) 
for several hours at temperatures about 30° below the m. p. 

Dihydropolyporenic Acid A.—When polyporenic acid A (7 g.) in acetic acid (200 c.c.) was 
hydrogenated at 20° under atmospheric pressure in the presence of platinic oxide (1-1 g.), a 
rapid absorption of hydrogen ensued until one mole had been taken up. The catalyst was 
removed, and careful dilution of the hot filtrate with water gave the dihydro-acid A, which 
crystallised from aqueous acetic acid in fine needles (6 g.), m. p. 216°. The acid is readily 
soluble in alcohol, acetone, acetic acid and pyridine but sparingly soluble in benzene. With 
chloroform and sulphuric acid, it slowly gives a bright red coloration, with the Liebermann- 
Burchard reagent it gives a red colour without fluorescence, and with tetranitromethane in 
chloroform solution it gives a pale yellow coloration. [a]? + 66° (J = 1, c = 1:1 in pyridine) 
(Found: C, 76-15; H, 10-9. Cs 9H,;,O, requires C, 75-9; H, 106%). The methyl ester was 
prepared in the usual manner with diazomethane and after several crystallisations from aqueous 
methyl alcohol had the constant m. p. 142°, mixed with the methyl ester of acid A, m. p. 132°. 
[a]? + 76° (J = 1, c = 1-0 in chloroform) (Found: C, 76-5; H, 11-0. C,,H,,0, requires C, 
76:15; H, 10-7%). The methyl ester-acetate was obtained in only poor yield by treatment of 
the ester with pyridine and acetic anhydride at 100°. With the same reagents at 20° for 24 
hours, however, good yields of the acetate, which separated from aqueous methyl alcohol in 
fine needles, m. p. 142° (softening at 138°), were obtained; [a]? + 36° (J = 1, c= 1-1 in 
chloroform) (Found : C, 74-65; H, 10-0. C,,;H,,0,; requires C, 74-7; H, 10-3%). 

Ozonolysis of the Methyl Ester-Acetate of Polyporenic Acid A.—A slow stream of ozonised 
oxygen was passed into a solution of the methyl ester-acetate (830 mg.) in purified acetic acid 
(20 c.c.) at 20° for 2 hours, the issuing gases being led into water. The acid and water solutions 
were combined and distilled in steam until the distillate no longer gave a turbidity with 2: 4- 
dinitrophenylhydrazine hydrochloride. The whole distillate was then treated with this reagent ; 
the dried precipitate (162 mg., corresponding to a 50% yield of formaldehyde) crystallised 
from alcohol in fine needles, m. p. 159°, undepressed by an authentic specimen of the formaldehyde 
derivative. In a second experiment, with 1 g. of the methyl ester-acetate, the formaldehyde 
was estimated as the dimedon derivative, 265 mg. being obtained, equivalent to a 45% yield; 
after crystallisation from alcohol, it had m. p. 187°, undepressed by an authentic specimen. 

The non-volatile portions of both experiments were combined and extracted with ether, 
and the ethereal solution washed with 2n-sodium carbonate, dried, and evaporated. The 
residual gum crystallised on contact with methyl alcohol, giving the methyl ester keto-acetate ( ?) 
(250 mg.) in needles which after several recrystallisations had m. p. 194°, [a]? + 121° (J = 1, 
c = 0-75 in chloroform) (Found: C, 72-4, 72-4; H, 9-6, 9-6. C,,H,,O, requires C, 72-45; H, 
95%). Quantitative microhydrogenation : The compound, m. p. 194° (11-74 mg.), absorbed 
0-540 c.c. of hydrogen at 18° and 752 mm., corresponding to one double bond. The ozonolysis 
product reacted with both hydroxylamine and 2: 4-dinitrophenylhydrazine, but in neither 
case could a homogeneous product be isolated. Light absorption in chloroform-alcohol : Maxi- 
mum 2500 a., inflexions 2720 and 3160 a.; E}%*, = 71, 15, and 1-4 respectively. 

Ozonolysis of the Methyl Ester-Acetate of Dihydro-acid A.—The methyl ester-acetate (950 mg.) 
was ozonised exactly as described above and a yield of formaldehyde (estimated as the dimedon 
derivative) of less than 4% was obtained. The neutral gum isolated from the non-volatile 
portion by means of ether yielded crystalline material (150 mg.) which after three crystallisations 
from aqueous methyl alcohol had the constant m. p. 189° (Found: C, 74-6; H, 98%). Light 
absorption in alcohol : Maxima, 2500 and 3200 a., Ei%,, = 83 and 70 respectively. 

Methyl Ester-Formate of Acid A.—A solution of the methyl ester (500 mg.) in formic acid 
(50 c.c.; 90%) was set aside at 20° for 40 hours and then diluted with water. The neutral 
product, isolated with ether, crystallised in contact with methyl alcohol. Several crystallis- 
ations from this solvent gave the methyl ester-formate (180 mg.) in plates, m. p. 148°, [«]?” + 84° 
(ft = 1, ¢ = 1-0 in chloroform) (Found : C, 73-5, 73-6; H, 9-6, 9-3. C,,H,;90;,4CH,°OH requires 
C, 73-5; H, 98%). The formate (100 mg.) was refluxed for 5 hours with methyl-alcoholic 
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potassium hydroxide (20 c.c., 10%); the acid portion yielded polyporenic acid A, m. p. 192°, 
undepressed by an authentic specimen. 
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278. Dunnione. Part II. 
By J. R. Price and Sir RoBERT ROBINSON. 


The formula (I) proposed in Part I (J., 1939, 1522) for dunnione, a 6-naphtha- 4 
quinone colouring matter obtained from Sireptocarpus Dunnii, is now supported by q 
the isolation of methyl isopropyl ketone after oxidation by chromic acid. The results 
of oxidation experiments also indicate that the gem-dimethyl group in the isomerides ; 
of the isodunnione series is directly attached to the oxygen atom of the dihydrofuran ¥ 
ring. Further data concerning the structure of allodunnione do not support, though ; 
they do not definitely exclude, the formula previously suggested. 
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It was shown in Part I (loc. cit.) that dunnione, a -naphthaquinone derivative resembling 
§-lapachone, can be converted into four isomerides, the changes involving at least one ; 
rearrangement not paralleled in the lapachol group. The structure of these isomerides 
has not yet been determined conclusively, but as further work may be postponed, we think 
it desirable to place the following data on record. The three distinct but related problems 
to be examined are (1) the structures of dunnione and «-dunnione, (2) the structure and 
mechanism of formation of the isodunnione series, and (3) the structure and mechanism 
of formation of allodunnione. 

The structure of dunnione as a 1 : 2-naphthaquinone is already firmly established ; 
that of «-dunnione as the corresponding 1 : 4-quinone follows from the ready intercon- 
version of the two substances by standard methods. They constitute a pair which differs 
from «- and 6-lapachone only in the arrangement of the heterocyclic ring. In Part I it 
was suggested that this portion of the molecule is an ««$-trimethyldihydrofurano-group. 
This is now supported by the isolation of methyl isopropyl ketone after careful oxidation 
of dunnione with chromic acid. Dunnione and «-dunnione are therefore represented by i 
formule (I) and (II) respectively. 

1-3 Molecules of acetic acid were obtained from dunnione by the Kuhn-Roth oxidation. — 
This is approximately the amount to be expected from one side-methyl group and a 
gem-dimethyl group. «-Dunnione should give the same result as dunnione, but the 
amount of acetic acid produced was smaller, viz., 1-04 molecules. Dr. F. B. Strauss, who 
carried out the Kuhn-Roth estimations, found concordant results difficult to obtain with 
these substances. The fluctuations probably depend to some extent on the ease of iso- 
merisation in acid solutions, as already suggested in Part I (loc. cit., p. 1524), and on the 
volatility of 1:4-quinones. Evidently the significance which can be attached to the 
figures is not sufficient for them to constitute an objection to the proposed formule. The : 
results of individual analyses are set out for comparison in Table I. | 




























TABLE I. 
Substance. CH,°C-, %. Average,%. Mols. HOAc. 











4 
Dunmione .......c0ccescssssseecesssscsseeeese 100, 7-2, 70 8-07 1-30 
a-Dunnione .....eeccecceeceeseeesesseeseeee 65, 6°36 6-43 1-04 
B-isoDunnione ..........cecceceeceeeeeeeecee 65, 47 5-6 0-90 i 
peeing cea Sintthe suteeeaboteretunes secmes ae “a eo nae H 

MRD occ osc ccc cccices scsee cbe ccc vce cee “07, 4 M 

——. .......... sare 2 1-23 
The acid CygHj40y eeeeeesecseceecseeeeee 3°62 3-52 0-52 
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The change from the dunnione to the isodunnione series is brought about by heating 
a-dunnione with concentrated sulphuric acid. We have now found that some §-tso- 
dunnione is obtained when dunnione is used as the starting material, but the extent of 
the conversion is small even after treatment for several hours. The structures of a- and 
8-isodunnione have been established as 1:4- and ] : 2-quinones respectively by their 
properties, by the preparation of characteristic derivatives, and by their easy intercon- 
version analogous to that of «- and ®-lapachones. In fact the ssodunniones resemble 
the lapachones more closely than they do dunnione and a-dunnione, because they react 
with alkali to give a stable hydroxyhydroisodunniol * similar to hydroxyhydrolapachol. 
The corresponding hydroxyhydrodunniol could not be isolated because of its marked 
sensitivity to alkalis (which transform it into allodunnione) and to acids, which bring 
about ring closure. Hydroxyhydroisodunniol has been characterised by the tetra- 
acetyldihydro-compound and by its condensation product with o-phenylenediamine. The 
latter derivative was deep red, similar to methylhydroxyhydrolapeurhodone (Hooker, J., 
1893, 63, 1376), and was converted into the yellow azine of $-tsodunnione by treatment 
with sulphuric acid. Hooker (J. Amer. Chem. Soc., 1936, 58, 1174) has shown that 
alkylhydroxynaphthaquinones of the type (III) can be oxidised by alkaline permanganate 
to (IV) with elimination of the methylene group next to the nucleus. 


< re R R R 
“+0 on O\cHMe H R 
@ peal oe H,R ~ H 


(I.) HMe (II.) (III.) (IV.) 


When hydroxyhydrotsodunniol was treated in this way, no oxidation product could be 
detected and most of the starting material was recovered. This behaviour resembles 
that of 3-hydroxy-2-8-hydroxyisobutyl-1 : 4-naphthaquinone (Hooker, loc. cit.). However, 
Fieser, Hartwell, and Seligmann (ibid., p. 1223) oxidised 3-hydroxy-2-tsobuty]l-1 : 4- 
naphthaquinone to the isopropyl compound, which on further oxidation gave phthalonic 
and isobutyric acids. Hence the inactivity of hydroxyhydrotsodunniol in this process 
does not help in determining its structure. Oxidations of $-isodunnione with chromic 
acid and with alkaline peroxide (i.e., oxidation of hydrexyhydroisodunniol) both gave 
acetone. Therefore the isopropyl group must be at the end of the alkyl chain instead of 
being directly attached to the nucleus as it is in dunnione. There are, then, three possible 
formule for f§-isodunnione: «$6-trimethyldihydrofurano-1 : 2-naphthaquinone (V), 
B-lapachone, and tso-$-lapachone (VI). 

The lapachone structure can be eliminated at once because the melting points of a- 
and 6-lapachone and certain of their derivatives differ from those of «- and 6-ssodunnione 
and their corresponding derivatives. The recorded melting point of tso-B-lapachone 
(Hooker, J. Amer. Chem. Soc., 1936, 58, 1181) is 124-5—125-5°, only 6° lower than that of 
B-tsodunnione, but the hydroxyhydro-compound, hydroisolomatiol, melts 10° higher 
than hydroxyhydrotsodunniol. No other derivatives of iso-B-lapachone have been recorded, 
When hydrotsolomatiol is treated with concentrated sulphuric acid at room temperature, 
the principal product is B-lapachone (Hooker, Joc. cit.). We have experienced no difficulty 
in obtaining pure 6-tsodunnione under conditions which should have favoured its conversion 
into §-lapachone had it actually been iso-8-lapachone. The preparation of 6-isodunnione 
from «-dunnione is a sufficient example of such conditions. Finally, it is unlikely that 
iso-B-lapachone would give acetone on oxidation with alkaline peroxide. 

These points enable us to eliminate (VI) and to infer that @-isodunnione is «f6- 
trimethyldihydrofurano-1 : 2-naphthaquincne (V). Its formation evidently involves 
the migration of a methyl group, and we hope to deal with the course of the rearrangement 
inalater paper. Bromination of $-isodunnione in chloroform solution at room temperature 
gave a bromo-8-isodunnione, whereas dunnione did not react when kept with bromine in 
chloroform at 55° for four days. By analogy with bromo-f-lapachone, which can be 


* Nomenclature based on that used by Hooker for the lapachol compounds. 
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brominated in the nucleus only in the presence of excess of hydrobromic acid, there can 
be no doubt that the bromine of bromo-f-isodunnione is in the side chain. This is supported 
by the ease with which the bromine is removed by zinc dust and sodium hydroxide to give 
isodunniol. Assuming that $-isodunnione is «f$-trimethyldihydrofurano-1 : 2-naphtha- 
quinone, bromo-f-isodunnione and isodunniol are best represented by (VII) and (VIII) 
respectively. 


Q 2) Oo Q 


:O H 
oO 
se ai Me Na0H ./ CMe:CMe, 
Me, Me, 0 
(V.) (VI.) (VII.) (VIII.) 


However, isodunniol is yellow and dissolves in alkali, giving a red solution, whereas Hooker 
showed (J. Amer. Chem. Soc., 1936, 58, 1163) that 2-hydroxy-3-alkylene-1 : 4-naphtha- 
quinones with a double bond in the «$-position are usually red or orange-red and give a 
violet solution in alkalis. Those with a saturated side chain or with a double bond in a 
position other than «f are yellow and their alkaline solutions are red. Some modification 
of these colours results from substitution, as shown in Table II, but until further data 
become available the colour of ssodunniol, alone and with alkalis, remains difficult of 
explanation in terms of formula (VIII). It is possible that the double bond is in a different 
position in the side chain. 
TABLE II. 
Side chain. Colour of substance. Colour in alkaline solution. 

*CH:CH’CHMe, i Purple 

*CH:CMe, Reddish-purple 

-CH:CMe:CH,-OH ? 


*CH:CMe-CHO Crimson 
*CH:CH-C(OH) Me, ? Crimson 


In any case it is evident that the formation of the ssodunnione series is not so straight- 
forward as was suggested in Part I, and there is no analogy to it in the chemistry of the 
lapachol derivatives. 

Little progress has been made in determining the structure of al/odunnione, and the new 
data do not support the formula previously suggested. When allodunnione was reduced 
by tin and hydrochloric acid, or by zinc and acetic acid, a dihydro-compound was formed. 
This substance is weakly acidic and contains two hydroxyl groups, as shown by the pre- 
paration of a diacetyl derivative. However, there is evidence confirming the presence 
of a ring system which undergoes fission in alkaline solution. When allodunnione was 
treated with zinc dust and sodium hydroxide, the elements of water, together with two 
hydrogen atoms, were added, presumably owing to the opening of a lactone, coumaran 
or chroman ring. We also know that the isoprene chain is intact, because chromic acid 
oxidation gave acetone and (as shown in Part I) alkaline oxidation gave acetaldehyde. 
The formation of acetone shows that the point of attack on treatment with chromic acid 
is not the carbon next to the oxygen atom, as it is with alkaline reagents. That is, the 
heterocyclic ring does not open readily in acid solution. When allodunnione was heated 
at 100° in solution in concentrated sulphuric acid, substitution took place with the formation 
of a sulphonic acid. 

If it were not for the difficulty of the anomalous absorption spectrum (Part I), we should 
conclude that allodunnione is a quinone, On the basis previously suggested, it is just 
possible that diacetyldihydroallodunnione is a derivative of an enolic form of a ketolactone 
analogous to the enolic modification of glutaconic anhydride. 


EXPERIMENTAL. 


Dunnione.—The following method of isolation was found to be more satisfactory than that 
described in Part I. 
Fresh leaves of Sireptocarpus Dunnii were immersed in benzene and kept overnight. The 
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benzene was poured off, and the leaves extracted a second time. By this treatment the dunnione 
was completely removed, together with only a small amount of chlorophyll. The benzene was 
distilled, and the residue dissolved in boiling alcohol; after filtration and cooling, a colourless 
crystalline wax separated. This substance is being investigated in collaboration with 
Dr. J. C. Smith. After filtration the alcoholic solution was concentrated to a small vélume and 
poured into half-saturated aqueous sodium bisulphite as described in Part I (Found for dunnione : 
CH,°C-, 7:0%). It was reported previously that dunnione is recovered unchanged after a 
solution in concentrated sulphuric acid has been heated for 1 hour. But after standing for 72 
hours at room temperature and then heating at 100° for 3 hours, some change took place. 
The recovered quinone, after one crystallisation from light petroleum, was appreciably darker 
in colour than dunnione and melted below 90°. It was kept with 5% caustic soda solution 
for 2 hours and then boiled for} hour. The red solution was treated with excess of concentrated 
hydrochloric acid, boiled, and filtered from allodunnione. The filtrate was extracted with the 
minimum amount of benzene, and the extract shaken with saturated sodium bisulphite solution. 
The bisulphite layer was then shaken with sodium hydroxide and benzene, and the resulting 
quinone crystallised from light petroleum. It had m. p. and mixed m. p. with B-isodunnione, 
129—131°. The amount obtained was less than 5%. 

Further attempts were made to isolate hydroxyhydrodunniol from both dunnione and 
a-dunnione, but no stable product was obtained. Dunnione was re€overed unchanged after 
attempted bromination under a variety of conditions. 

Oxidation of Dunnione with Chromic Acid.—2-4 G. of dunnione were dissolved in concentrated 
sulphuric acid (32 c.c.) and water (48 c.c.), and the mixture boiled while 90 c.c. of 10% aqueous 
potassium dichromate were added dropwise in 10 c.c. portions with intervals of a few minutes 
between each addition to ensure the removal of volatile products. The distillate was carried 
into a solution of 2 : 4-dinitrophenylhydrazine in 5% sulphuric acid; the yellow precipitate, 
crystallised four times from alcohol, had m. p. 119—121°, mixed m. p. with acetone-2: 4- 
dinitrophenylhydrazone ca. 95°, and with methyl isopropyl] ketone 2 : 4-dinitrophenylhydrazone 
120—122° (Found: C, 48-9; H, 5-3; N, 21-1. Calc. for C,,H,,O,N,: C, 49-6; H, 5-3; 
N, 21-05%). 

[Methyl isopropyl ketone was prepared by dry distillation of the mixed calcium salts of 
acetic and isobutyric acids. The 2: 4-dinitrophenylhydrazone had m. p. 122—123° (Allen, 
J. Amer. Chem. Soc., 1930, 52, 2955, gives m. p. 117°) (Found: C, 49-7; H, 5-2%)]. 

Dunnione phenyleneazine. The condensation product of dunnione with o-phenylenediamine 
(see Part I) has [a]}®° + 237° (c, 1-86 in chloroform). 

aDunnione has [«]})” + 104° (c, 0-772 in chloroform) (Found : CH,°C-, 6-5, 6-36%). 

Diacetyldihydro-a-dunnione forms colourless prisms from methyl alcohol, m. p. 119—121° 
(Found: C, 69-0; H, 6-05. C,H, O, requires C, 69-5; H, 6-1%). [a]}® + 80-4° (c, 4-428 in 
chloroform). 

B-isoDunnione (Found : CH,°C-, 6-5, 4-7%).—The oxidation of this substance by means of 
chromic acid was carried out in the same way as with dunnione. The 2: 4-dinitrophenyl- 
hydrazone obtained melted at 123—124° after four crystallisations from alcohol. The mixed 
m. p. with acetone-2 : 4-dinitrophenylhydrazone was 124—125°, and that with methyl isopropyl 
ketone 2 : 4-dinitrophenylhydrazone was below 100°. 

Diacetyldihydro-B-isodunnione separated from aqueous methyl alcohol in colourless, rect- 
angular prisms, m. p. 119—121° (mixed m. p. with diacetyldihydro-«-dunnione ca. 95°) (Found : 
C, 69-2; H, 6-1. C,,H,,O, requires C, 69-5; H, 6-1%). 

B-isoDunnione semicarbazone formed orange-yellow needles from aqueous alcohol, m. p. 
218—219° (decomp.) (Found: N, 14-1. C,,H,,0O,N,; requires N, 14-0%). 

B-isoDunnione phenyleneazine formed yellow, silky needles from alcohol, m. p. 118—120° 
(Found : N, 8-7. C,,H,,ON, requires N, 8-9%). 

«-isoDunnione.—Steam-distillation was found to be the only satisfactory method of puri- 
fication for large-scale preparations. The product then melted sharply at 118—119° after 
crystallisation from aqueous alcohol (Found : CH,°C-, 5-36%). 

A solution of «-isodunnione in concentrated sulphuric acid was kept at room temperature 
for an hour and then poured into water. The product crystallised from light petroleum in 
orange-red needles, m. p. and mixed m. p. with 8-isodunnione, 130—131°. 

Diacetyldihydro-a-isodunnione formed colourless prisms from methyl alcohol, m. p. 135— 
136° (Found: C, 69-8; H, 6-0. C,,H,,0, requires C, 69-5; H, 6-1%). 


a-isoDunnione semicarbazone crystallised in pale yellow needles from alcohol, m. p. 222—223° 
(Found: N, 14-4. C,,H,,O,N, requires N, 14-0%). 
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Hydroxyhydroisodunniol.—When -isodunnione was heated with 1—5% aqueous sodium 
hydroxide, it dissolved, giving an intense red solution which remained unaltered for a fortnight. 
Acidification with excess of concentrated hydrochloric acid produced a yellow emulsion, which 
soon changed to a suspension of orange needles of B-isodunnione, m. p. and mixed m. p. 130— 
131°. When the alkaline solution was made only faintly acid and kept at 0° for 2—3 hours, 
a yellow solid separated. This was crystallised twice from aqueous alcohol and twice from 
benzene-light petroleum and melted at 112—113° (Found : C, 68-6; H, 6-2. C,,H,,O, requires 
C, 69-2; H, 6-15%). 

Tetra-acetyldihydrohydroxyhydroisodunniol.—Several attempts to acetylate directly hydroxy- 
hydroisodunniol were unsuccessful. Evidently ring closure took place to some extent, and the 
mixture obtained was a viscous oil which could not be crystallised. Reductive acetylation 
gave a gummy product, which on treatment with cold alcohol yielded a clean white solid. After 
two crystallisations from alcohol, colourless, hexagonal plates were obtained, m. p. 183—184° 
[Found: C, 64-0; H, 6-2. C,,H,,(OAc), requires C, 64-2; H, 6-0%]. 

Condensation of Hydroxyhydroisodunniol with o-Phenylenediamine.—When hydroxyhydro- 
tsodunniol (0-5 g.), o-phenylenediamine (0-3 g.), and acetic acid (10 c.c.) were boiled for 1} hours, 
the product was a mixture of B-isodunnione and 6-isodunnione phenyleneazine (identified by 
their m. p.’s and mixed m. p.’s). The process was then repeated in a less acid medium, alcohol 
(20 c.c.) being used as solvent in place of the acetic acid. No reaction took place, so acetic 
acid was added in 0-5 c.c. portions and the solution refluxed for 4 hour after each addition. 
When 3 c.c. of acetic acid were present, the reaction proceeded as expected. After being 
heated for a further 2 hours, the mixture was poured into an excess of 2% aqueous sodium 
hydroxide. This was shaken with benzene, which extracted a small amount of §-isodunnione 
phenyleneazine (m. p. and mixed m. p.). Acidification of the alkaline solution with 4% acetic 
acid gave a crimson gelatinous precipitate, which separated from aqueous alcohol as a deep 
red, micro-crystalline powder, m. p. 193—194° (Found: N, 8-5. C,,H,,O,N, requires N, 
8-4%). The substance gave in concentrated sulphuric acid a deep green solution. After 
4 hour this was poured into water. The product was identified by the m. p. and mixed m. p. 
as B-isodunnione phenyleneazine. 

Attempts were made to prepare chlorohydroisodunniol from hydroxyhydroisodunniol by 
treatment with hydrochloric acid, both alone and in acetic acid solution (cf. Hooker, J., 1892, 
61, 611). In each case the only product isolated was a-isodunnione (m. p. and mixed m. p. 
117—119°). 

Oxidation Experiments with Hydroxyhydroisodunniol.—(a) Starting with §-isodunnione, 
the oxidation with alkaline peroxide was carried out as described in Part I for dunnione. The 
products were phthalic acid, which was identified as phthalanil (m. p. and mixed m. p. 206— 
208°), and acetone. The acetone-2 : 4-dinitrophenylhydrazone had m. p. 124—126° after 
four crystallisations from alcohol, and the mixture with an authentic specimen melted at 125— 
127° (Found : N, 23-0. Calc. for CjH,,O,N,: N, 23-5%). 

(b) 1 G. of hydroxyhydroisodunniol was dissolved in 100 c.c. of 10% aqueous sodium 
hydroxide, and a solution of 1 g. of potassium permanganate in 100 c.c. of water added at room 
temperature. The mixture was kept for 24 hours; the red solution was then filtered from 
manganese dioxide and acidified with excess of concentrated hydrochloric acid; after 2 hours, 
orange-red needles had separated. Extraction with benzene yielded $-isodunnione (m. p. and 
mixed m. p. 129—131°) in amount representing the greater part of the starting material. Ina 
second experiment, solutions of 1 g. of hydroxyhydroisodunniol in 10 c.c. of 5% aqueous 
sodium hydroxide, 20 g. of sodium hydroxide in 100 c.c. of water, and 1 g. of potassium per- 
manganate in 100 c.c. of water were cooled to 0°, mixed, and kept at 0° for 3 hours. The mixture 
was then kept at room temperature for a further 21 hours. The result was the same as in the 
first experiment. No acid oxidation product was obtained in amount sufficiently large to 
identify. 

Bromo-b-isodunnione.—3-5 G. of B-isodunnione were dissolved in 70 c.c. of chloroform and 
added to a solution of 0-81 c.c. of bromine in 50 c.c. of chloroform. The mixture was then 
kept for 4—6 days at room temperature. In some experiments a few crystals separated towards 
the end of the reaction. These did not dissolve in chloroform or benzene unless first treated 
with water, which converted them into $-isodunnione. The substance was evidently §-iso- 
dunnione hydrobromide (cf. bromo-$-lapachone; Hooker, J., 1892, 61, 611). The chloroform 
solution was shaken with water and evaporated to dryness, and the residue extracted with a 
small amount of light petroleum, which removed a dark-coloured resinous impurity. The 
bromo-$-isodunnione remaining was twice crystallised from aqueous alcohol and twice from light 
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petroleum. It was obtained as silky reddish-orange needles, m. p. 141—143°, which darkened 
in sunlight, though not as rapidly as $-isodunnione (Found: C, 56-0; H, 4-05; Br, 24-9. 
C,,H,,0,Br requires C, 56-1; H, 4-05; Br, 24-9%). 

In a small-scale experiment bromo-$-isodunnione was boiled with 5% aqueous sodium 
hydroxide. After 1 hour the red solution was cooled and neutralised. The colour changed to 
pale yellow, but no solid separated after keeping at 0° for 24 hours. The product, which should 
be dihydroxyhydroisodunniol, was not obtained pure. It evidently had a high solubility 
in water, as it could only be completely extracted by ether after the solution had been saturated 
with sodium chloride. 

isoDunniol.—0-6 G. of bromo-8-isodunnione was ground with a little 10% aqueous sodium 
hydroxide until thoroughly wetted. The volume of 10% sodium hydroxide was made up to 
14 c.c., 0-6 g. of zinc dust added, and the mixture kept for 2 hours, with occasional shaking ; 
100 c.c. of water were then added, the liquid filtered, and air drawn through it for 2 hours. 
The red solution was boiled for } hour, cooled, and neutralised with hydrochloric acid. After 
24 hours, yellow needles had separated from the yellow emulsion. These were twice crystallised 
from aqueous alcohol and had m. p. 118—119° (Found: C, 73-9; H, 5-7. C,;H,,O, requires 
C, 74-4; H, 58%). 

The substance dissolved readily in aqueous sodium carbonate and was immediately extracted 
from a benzene solution by this reagent, giving a red solution. A solution of isodunniol in 
concentrated sulphuric acid was left overnight and then poured into water. The product 
crystallised from light petroleum in red needles, m. p. and mixed m. p. with $-isodunnione, 
129—130°. 

alloDunnione (Found: CH,°C-, 7:43%); [aJi® + 10-2° (c, 5-47 in chloroform). allo- 
Dunnione was recovered unchanged (m. p. and mixed m. p.) after an alkaline solution had been 
refluxed with ~-phenylphenacyl bromide in alcohol. 

Oxidation of alloDunnione with Chromic Acid.—This process, carried out in the same way 
as with dunnione, yielded acetone. The 2: 4-dinitrophenylhydrazone was difficult to obtain 
pure, and melted at 121—123° after five crystallisations from alcohol. The mixed m. p. with 
acetone-2 : 4-dinitrophenylhydrazone was 122—124° and with the methyl isopropyl ketone 
derivative was ca. 105°. 

Dihydroallodunnione.—Reduction of allodunnione by zinc dust and acetic acid, or by tin 
and hydrochloric acid, gave the dihydro-compound. This crystallised in colourless needles, 
m. p. 141—142°, from light petroleum or from 25% aqueous alcohol (Found: C, 73-9; H, 
6-85. C,;H,,O, requires C, 73-8; H, 6-6%). The substance was slightly soluble in water, 
but dissolved easily in concentrated hydrochloric acid. It did not react with Brady’s reagent 
over a period of 5 days, and an alcoholic solution gave no coloration with ferric chloride. It 
dissolved extremely slowly in cold half-saturated aqueous sodium carbonate, but more readily 
in aqueous sodium hydroxide, giving a colourless solution which soon became pale yellow. 
On the other hand it was extracted from a benzene solution by sodium hydroxide only with 
considerable difficulty. When a drop of aqueous sodium hydroxide was added to an alcoholic 
solution of dihydroallodunnione, an intense red coloration was produced which faded to yellow 
in 1—2 minutes. This red colour appeared only in the presence of alcohol and if the solution 
was acidified while still red it became colourless. But if the alkaline solution was yellow, then 
it remained pale yellow after acidification and some allodunnione (m. p. and mixed m. p.), 
together with unchanged dihydroallodunnione, was isolated from it. r 

Diacetyldihydroallodunnione was obtained by acetylation of dihydroallodunnione with acetic 
anhydride and anhydrous sodium acetate. It could not be prepared by direct reductive 
acetylation of allodunnione. It crystallised from aqueous alcohol in colourless prisms, m. p. 
191—193° [Found : C, 69-0; H, 6-2; CH,°CO, 24-6; M (Rast in camphor), 313. C,,H,,O(OAc), 
requires C, 69-5; H, 6-1; CH,°CO, 26-2%; M, 328]. 

Reduction of alloDunnione in Alkaline Solution.—A solution of allodunnione in 10% aqueous 
sodium hydroxide .was boiled with zinc dust. It changed rapidly from deep yellow to pale 
yellow and then during } hour became colourless. The cooled solution was neutralised with 
hydrochloric acid, saturated with salt, and extracted three times with ether. The residue 
after evaporation of the ethereal solution was crystallised from 25% aqueous alcohol and 
finally from water. The substance, evidently dihydrohydroxyhydroallodunnione, separated in 
rosettes of colourless needles, m. p. 160—161° (Found: C, 68-6; H, 7-0. C,,H,,O, requires 

\C, 68-7; H, 69%). 

alloDunnionesulphonic Acid.—A solution of allodunnione in concentrated sulphuric acid 

was heated at 100° for 4 hour in order to determine whether isomerisation would take place. 
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The solution, which became green, was poured into water, and the product extracted by amyl 
alcohol after saturation with salt. The amyl-alcoholic solution was shaken with aqueous 
sodium hydroxide, and the alkaline solution acidified with excess of concentrated hydrochloric 
acid. The precipitate was twice crystallised from 15% hydrochloric acid and was obtained 
as an orange, micro-crystalline powder. It did not melt below 230° and did not contain chlorine 
(Found: C, 56-4; H, 4-65; S, 9-0. C,,;H,,0,S requires C, 55-9; H, 4:35; S, 9-9%). The 
sulphur content was somewhat low, but the analysis was not repeated, as the compound was 
of no further interest. It gave an orange-yellow lead salt which was insoluble in water. 


We are indebted to the Government Grant Committee of the Royal Society for a grant in 
aid of this investigation. 

Joun INNES HorTICULTURAL INstTITUTION, Lonpon, S.W. 19. 

THE Dyson PERRINS LABORATORY, OXFORD. [Received, September 30th, 1940.] 





279. Chromones of the Naphthalene Series. Part III. Rapid Quantit- 
ative Transformation at Room Temperature of 0-Aroyloxyacetoarones 
into o-Hydroxydiaroylmethanes. 


By V. V. ULLAL, R. C. SHan, and T. S. WHEELER. 


Sodium ethoxide in alcoholic solution has been found to be an effective reagent 
for the rapid quantitative transformation at room temperature of o-aroyloxyaceto- 
arones into the corresponding o-hydroxydiaroylmethanes, which can be readily cyclised 
at room temperature to the corresponding chromones. The synthesis of a number 
of naphthalene analogues of flavones is described. 


ANHYDROUS potassium carbonate in boiling benzene or toluene (Baker, J., 1933, 1381; 
1934, 1953), sodamide in dry ether (Mahal and Venkataraman, Current Sci., 1933, 2, 214; 
J., 1934, 1767; Bhalla, Mahal, and Venkataraman, J., 1935, 868), and finely divided sodium 
in ether or boiling toluene (Virkar and Wheeler, J., 1939, 1679) have been used to effect 
in moderate yield the slow transformation of o-aroyloxyacetoarones (I) into the correspond- 
ing o-hydroxydiaroylmethanes (II); the latter readily give 2-substituted chromones 
(III) on cyclisation with, for example, hydrogen bromide in acetic acid. 


‘COR H ycR ycR 
OMe O-CH,COR ICH CH 
O 


O 
(I.) (II.) (III.) (IV.) 

It has now been found that the above transformation takes place rapidly, almost in 
quantitative yield, at room temperature in presence of sodium ethoxide in alcoholic solu- 
tion. The method has been applied to the synthesis of some 2-naphthyl-5 : 6-benzo- 
chromones (IV; R = naphthyl), of 2-pentadecyl-5 : 6-benzochromone (IV ; R=C, sHay), 
and of 7-methoxy-2-styrylchromone, so that it is not necessary that R in (I) should be aryl. 

The unambiguous synthesis described below of 2-(3’-methoxy-2'-naphthyl)-5 : 6-benzo- 
chromone (V) from 2-hydroxy-3'-methoxy-1 : 2'-dinaphthoylmethane obtained by rearrange- 
ment of 2-(3’-methoxy-2'-naphthoyloxy)-1-acetonaphthone confirms the suggestion of Virkar 
and Wheeler (loc. cit., p. 1682) that the cyclisation of 2 : 3’-dimethoxy-1 : 2’-dinaphthoyl- 
methane yielded 2-(2’-methoxy-1’-naphthyl)-6 : 7-benzochromone and not the alternative 
product (V). 

The fact that the transformation of (I) into (II) and the cyclisation of (II) into (III) 
are rapidly and quantitatively effected at room temperature is of phytochemical interest 
in view of the production of flavones in plants. Virkar (private communication) has found 
that sodium hydroxide in alcoholic solution also converts (I) into (II). 


EXPERIMENTAL. 


Preparation of 0-Acyloxyacetoarones.—2-p-A nisoyloxy-1l-acetonaphthone, which separated 
when a mixture of 2-hydroxy-l-acetonaphthone (18-6 g.), anisoyl chloride (17 g.), and pyridine 
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(20 g.), which had been heated at 100° for 1 hour, was poured into dilute hydrochloric acid, 
had m. p. (alcohol) 122° after it had been washed with dilute aqueous sodium hydroxide and 
with water (Found: C, 75-2; H, 5-0. C,9H,,O, requires C, 75-0; H, 5-0%). 

2-(1'-Naphthoyloxy)-l-acetonaphthone, m. p. (alcohol) 113° (Found: C, 81-6; H, 4-9. 
C,3H,,O, requires C, 81-2; H, 4-7%), 2-(2’-naphthoyloxy)-1-acetonaphthone, m. p. (alcohol) 
103° (Found: C, 81-7; H, 4-8. C,,;H,,O, requires C, 81-2; H, 4-7%), 2-(3’-methoxy-2'-naph- 
thoyloxy)-1-acetonaphthone, m. p. (alcohol) 116° (Found: C, 78-0; H, 4-8. C,,H,,O, requires 
C, 77-8; H, 49%), 2-(1'-methoxy-2’-naphthoyloxy)-1-acetonaphthone, m. p. (aqueous alcohol) 
122° (Found: C, 78-5; H, 5-0. C,,H,,O, requires C, 77-8; H, 4:9%), 2-palmityloxy-1-aceto- 
naphthone, m. p. (alcohol) 40° (Found: C, 78-7; H, 9-8. C,,H,,O; requires C, 79-2; H, 9-4%), 
and 2-cinnamoyloxy-4-methoxyacetophenone, m. p. (alcohol) 99° (Found: C, 72-8; H, 6-2. 
C,,H,,O, requiresC, 73-0; H, 5-4%), weresimilarly prepared from the corresponding components. 

Rearrangement of o-Acyloxyacetoarones into o-Hydroxydiaroylmethanes.—Benzoyl-2-hydroxy-1- 
naphthoylmethane (0-85 g.), m. p. (alcohol) 137° (Found: C, 78-7; H, 4-8. C, 9H,,O; requires 
C, 78-6; H, 48%), separated from an alcoholic solution of 2-benzoyloxy-l-acetonaphthone 
(1 g.) containing sodium ethoxide (0-1 g. of sodium) which had been kept at room temperature 
for 15 minutes and then acidified with dilute acetic acid. Bhalla e¢ al. (J., 1935, 870), who 
employed sodamide in dry ether to effect the transformation, did not obtain a solid product. 

p-A nisoyl-2-hydroxy-1-naphthoylmethane, m. p. (alcohol) 102° (Found: C, 75-0; H, 4-9. 
Cy9H,,0, requires C, 75-0; H, 5-0%), 2-hydroxy-di-1-naphthoylmethane, m. p. (acetone) 163° 
(Found: C, 81-2; H, 4-8. C,,;H,,O, requires C, 81-2; H, 4:7%), 2-hydroxy-1 : 2'-dinaphthoyl- 
methane, m. p. (acetone) 136° (Found: C, 81-5; H, 4-7. C,,;H,,O, requires C, 81:2; H, 4-7%), 
2-hydroxy-3'-methoxy-1 : 2'-dinaphthoylmethane, m. p. (alcohol) 175° (Found: C, 77-7; H, 
4-9. C,,H,,0, requires C, 77-8; H, 49%), 2-hydroxy-1'-methoxy-1 : 2'-dinaphthoylmethane, 
m. p. (acetone) 165° (Found : C, 77-6; H, 5-0. C,,H,,0, requires C, 77-8; H, 4-:9%), 2-hydroxy- 
1-naphthoylpalmitylmethane, m. p. (alcohol) 112° (Found: C, 78-7; H, 9-5. C,gH yO, requires 
C, 79-2; H, 94%), and 2-hydroxy-4-methoxybenzoylcinnamoylmethane, m. p. (acetic acid) 
140° (Found: C, 72-6; H, 5-8. C,,H,,O, requires C, 73-0; H, 5-4%), were similarly prepared 
from the corresponding o-acyloxyacetoarones described in the preceding section. All these 
diketones are yellow. 

Cyclisation of o-Hydroxydiaroylmethanes.—B-Naphthaflavone, m. p. 163° (lit., 163°), and 
4’-methoxy-5 : 6-benzoflavone m. p. 165° (lit., 165°), separated in quantitative yield on addition 
of water to solutions of benzoyl-2-hydroxy-l-naphthoylmethane and p-anisoyl-2-hydroxy-1- 
naphthoylmethane, respectively, in glacial acetic acid containing hydrogen bromide, which 
had been kept at room temperature for one hour. 2-(1'-Naphthyl)-5 : 6-benzochromone, m. p. 
(alcohol) 159° (Found : C, 85-7; H, 4-4. C,3H,,O, requires C, 85-8; H, 4-3%), 2-(2’-naphthyl)- 
5 : 6-benzochromone, m. p. (acetic acid) 198° (Found: C, 85-5; H, 4:3. C,;H,,O, requires C, 
85-8; H, 4:3%), 2-(3’-methoxy-2'-naphthyl)-5 : 6-benzochromone, m. p. (alcohol) 168° (Found : 
C, 81-8; H, 4-6. C,,H,,O, requires C, 81-8; H, 4-5%), 2-(1'-methoxy-2'-naphthyl)-5 : 6-benzo- 
chromone, m. p. (alcohol) 144° (Found: C, 81-6; H, 4-5. C,,H,,O, requires C, 81-8; H, 45%), 
2-pentadecyl-5 : 6-benzochromone, m. p. (alcohol) 89° (Found: C, 82-7; H, 9-6. C,,H,;,0, 
requires C, 82-6; H, 9-3%), and 7-methoxy-2-styrylchromone, m. p. 189° (Gulati e¢ al., J., 1934, 
1766, give the same m. p.), were similarly prepared from the corresponding o-hydroxy-diketones 
described in the preceding section. : 

Demethylation of Methoxybenzochromones.—2-(3'-Hydroxy-2'-naphthyl)-5 : 6-benzochromone, 
m. p. (nitrobenzene) above 300° (Found: C, 81-0; H, 4:2. C,,H,,O, requires C, 81-6; H, 
4-1%), separated from a solution of the corresponding methoxy-compound (2-5 g.) in acetic 
anhydride (50 c.c.), which had been slowly treated with hydriodic acid (d 1-7; 50 c.c.) heated 
under reflux for 24 hours, and poured into sodium hydrogen sulphite solution. The acetate 
(pyridine—acetic anhydride) had m. p. (alcohol) 153° (Found: C, 78-8; H, 4-2. C,,;H,,0, 
requires C, 78-9; H,4-2%). 2-(1'-Hydroxy-2'-naphthyl-5 : 6-benzochromone, m. p. (nitrobenzene) 
above 300° (Found: C, 81-2; H, 4:3. C,,H,,O, requires C, 81-6; H, 4-1%) [acetate, m. p. 
(acetone) 189° (Found: C, 79-4; H, 4-5. C,,H,,O0, requires C, 78-9; H, 4-2%)], was similarly 
prepared. 

These hydroxy-chromones are yellow. 


Roya INSTITUTE OF SCIENCE, BOMBAY. 
StaTE LABORATORY, DUBLIN. [Received, October 1st, 1940.} 
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280. Studies on Seed Mucilages. Part I. A Preliminary Examination 
of the Mucilaginous Polysaccharide of the Seeds of Plantago lanceolata. 


By Joun MULLAN and E. G. V. PERCIVAL. 


Extraction of the seed with water and suitable treatment yielded an “ acid poly- 
saccharide ”’ of equivalent ca. 1100, composed of pentosan 72%, methyl pentosan 11%, 
uronic anhydride 15%, together with galactose. Hydrolysis indicated that d-xylose 
constituted the main building stone of the molecule. 

Acetylation, followed by methylation, simultaneous hydrolysis and glycoside form- 
ation yielded four main fractions, which were shown to be (1) trimethyl methlyxylopy- 
ranosides (30%), (2) 3 : 4-dimethyl methylxylopyranosides (28%), (3) a mixture of the 
latter with 2: 4: 6-trimethyl methylgalactosides and glycosides of lower methoxyl 
content (22%), and (4) a mixture containing 2 : 4: 6-trimethyl methylgalactosides, a 
partly methylated methyluronoside and unidentified glycosides (17%). 

Attention is drawn to the branched-chain nature of the polysaccharide with its “ end 
groups ” of xylopyranose residues, the unusual arrangement of xylopyranose residues 
linked by 1 : 2-8-linkages and the presence of a small proportion of galactopyranose 
units linked as in agar. 


PRECIPITATION with alcohol of the mucilaginous solution obtained when the seeds of 
Plantago lanceolata (rib-grass) are steeped in water yielded a polysaccharide with an ash 
content, unchanged on prolonged dialysis, of 7% (as sulphate), of which calcium and 
potassium sulphates are the main constituents. When the original mucilaginous solution 
was poured into acidified alcohol, an almost ash-free polysaccharide was obtained which had 
an acid equivalent of ca. 1100 and showed [«]}** — 60° in aqueous solution. The approxi- 
mate composition was found to be pentosan 72%, methyl pentosan 11%, and uronic anhy- 
dride 15%. Hydrolysis with oxalic acid, followed by neutralisation with calcium carbonate, 
yielded a calcium salt (30%), the analysis of which indicated that it was mainly the salt 
of an aldobionic acid containing the methylpentose residue, together with a syrup which 
crystallised almost completely as «-d-xylose. The non-crystallisable residue was devoid 
of arabinose but contained a small proportion of galactose. This result is different from - 
that reported for the mucilage isolated by Anderson and Fireman (J. Biol. Chem., 1935, 
109, 437) from the seed of Plantago psyllium, since arabinose, xylose, and d-galacturonic 
acid were present, but neither galactose nor a methyl pentose was detected in the products 
of hydrolysis of their mucilage. 

More vigorous hydrolysis of the polysaccharide with sulphuric acid yielded a uronic 
acid which, although it was not obtained crystalline, yielded mucic acid on oxidation with 
bromine water and with nitric acid and suffered a reversal of rotation in contact with 
1% methyl-alcoholic hydrogen chloride at room temperature in a manner closely similar 
to that displayed by d-galacturonic acid; it is considered highly probable, therefore, that 
this is the uronic acid present. 

On acetylation the acid mucilage yielded an acetate, of which (A) (40%) was soluble 
in acetone, having [«]>° — 72° and CH,°CO 41%, as against CH,-CO 36% for the insoluble 
residue (B) (60%). The properties and acetyl content of (B) were unchanged on reacetyl- 
ation, and it may be that this fraction contains a resistant residue [the mucilage itself on 
hydrolysis always yields a dark insoluble residue, 7% (cf. Anderson and Fireman, Joc. cit.)}. 
Although the crude acetate, the insoluble acetate (B), and the soluble acetate (A) on de- 
acetylation yielded methylated polysaccharides with almost identical properties (OMe 
35%, [a] — 100°), viscosity measurements in m-cresol indicated that the molecular 
size of (A) and of the methylated product prepared from it was approximately half that 
of the methylated polysaccharides obtained from the other two acetates. Further work 
on large quantities of material is necessary before assigning a reason for this difference. 
Fractional precipitation of the methylated polysaccharide obtained from the crude acetate 
yielded fractions showing slight variations in methoxyl content (33—35%) and specific 
rotation ([a]>° — 95° to — 109°), but simultaneous hydrolysis and glycoside formation 
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did not indicate any noticeable differences in composition, although these may become 
apparent when larger-scale operations are completed. 
Repeated fractional distillation of the products obtained by the hydrolysis of the methyl- 


ated polysaccharide with methyl-alcoholic hydrogen chloride yielded four main fractions 
(Table I). 


TABLE I. 
B. p. OMe, %. nit, Yield, %. 
Fraction I ............... 90-—95° (bath temp.) /0-02 mm. 59 1-4406 (30) 
a TE vcsccecccccocee 200-289 - /0-02 ,, 48 1-4555 (28) 
a THI ...ccsccocce 190—140 is /0-03_,, 44 1-4675 (22) 
= TV cicccoscooce 140—190 ” /0-04 ,, 39 1-4727 (17) 


Fraction I on hydrolysis gave crystalline trimethyl «-d-xylopyranose and was therefore 
a mixture of trimethyl methylxylopyranosides. 

Fraction II proved to be a dimethyl methylxyloside from its properties and from the 
fact that further methylation and hydrolysis yielded quantitatively crystalline trimethyl 
xylopyranose. That the dimethyl xylose obtained from this fraction by hydrolysis was not 
2 : 3-dimethyl xylose was shown by its failure to form the crystalline anilide which this 
sugar readily forms (Hampton, Haworth, and Hirst, J., 1929, 1739) and which was prepared 
for purposes of comparison. Oxidation yielded a crystalline lactone, the rate of hydrolysis 
of which was so rapid as compared with that of 2 : 3-dimethyl-y-xylonolactone that it was 
evidently a 8-lactone, indicating that position 4 was occupied by a methoxyl residue. 
The corresponding amide also, in contrast to 2: 3-dimethyl xylonamide, readily gave 
hydrazodicarbonamide on treatment with sodium hypochlorite, followed by semicarbazide 
(Weerman, Rec. Trav. chim., 1917, 36, 16). It is clear, therefore, that the dimethyl xylose 
must possess an «-hydroxy-group, so it must be 3 : 4-dimethyl xylopyranose. Confirmation 
of this view was obtained by oxidation with nitric acid, since after esterification an ester 
was obtained which proved to be an active methyl dimethoxyglutarate, of which the corre- 
sponding amide also gave a positive ‘‘ Weerman’”’ test. Further methylation yielded i-xylo- 
trimethoxyglutaric ester, characterised as the crystalline amide and compared with an 
authentic specimen prepared from trimethyl xylopyranose. More vigorous oxidation, 
followed by esterification and amide formation, yielded, in addition, a small quantity of 
l-dimethoxysuccinamide [d-(—)threodimethoxysuccinamide], a further proof of the exist- 
ence of methoxyl residues on C, and C,. Fraction II consists, therefore, of 3 : 4-dimethyl 
methylxylosides. 

Fraction III proved to be a mixture of partly methylated methyl-xylosides and -galacto- 
sides. Complete methylation and hydrolysis yielded mainly trimethyl xylopyranose, but 
after the bulk of this had been removed by crystallisation, the residue gave, on treatment 
with aniline, tetramethyl galactopyranose anilide. This was traced to the presence of 
2:4: 6-trimethyl galactose, since the sugar derived from III on treatment with aniline 
gave the crystalline anilide of this sugar. By oxidation of fraction III with bromine 
water a 8-lactone was obtained very similar in properties to 3 : 4-dimethyl 3-xylonolactone, 
and the corresponding amide gave a positive ‘‘Weerman’”’ test. From this fact it appears 
that 3: 4-dimethyl methylxylosides together with 2 : 4: 6-trimethyl methylgalactosides 
are present in fraction III. The methoxyl content indicates, however, that less highly 
substituted methylglycosides remain to be characterised in this fraction. 

Fraction IV was also shown to be a complex mixture, from which on hydrolysis and 
anilide formation 2 : 4 : 6-trimethyl galactose anilide was isolated. It also appears that 
this fraction contains the ester of a partially methylated uronic acid together with at least 
one other constituent, neither of which has yet been isolated. 

The main facts which emerge from this examination so far as it has proceeded are : 
(1) the abnormally high proportion of ‘“‘ terminal” groups of xylopyranose units which 
indicates the branched-chain nature of the molecule (cf. arabic acid; Smith, J., 1939, 
1774; this vol., pp. 74, 79, 1035). (2) The unusual appearance of 3 : 4-dimethyl xylose 
units among the products of hydrolysis of the methylated mucilage, which are evidently 
joined by 1 : 2-8-linkages, since the polysaccharide, the acetate and methylated derivatives 
have strong negative rotations, although the main product of hydrolysis of the polysac- 
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charide is d-xylose. (3) Galactopyranose units are present in the molecule linked by 
positions 1 and 3 as in agar (Percival and Somerville, J., 1937, 1615), damson gum (Hirst 
and Jones, J., 1939, 1482), and certain other naturally occurring polysaccharides, although 
the proportion of galactose is by no means high. The mode of linkage of the uronic acid 


and the nature of the methyl pentose present, however, must be the subject of further 
study. 


EXPERIMENTAL. 


Preparation of the Mucilage.—Rib-grass seeds (500 g.) were soaked in water (10 1.) with 
occasional stirring for 24 hours. After filtration through muslin the thick filtrate in 500 c.c. 
portions was poured into alcohol (1 1.) with vigorous stirring. The stringy product was 
dehydrated in alcohol and ether (yield, 25 g.) [Found: ash (direct), 5%; (as sulphate), 7% 
containing Na, 2°3; K, 14°5; Ca, 18°8; SO,, 53°2%]. 

When the mucilaginous solution, prepared as above, was poured into alcohol containing 
hydrogen chloride (0°7%), followed by repeated trituration with alcohol, the acid polysaccharide 
used in the subsequent operations was obtained. It showed [a]i®* — 60° in water (c, 0°4) 
[Found : equiv., by titration, 1100; uronic anhydride, 15°2% (Dickson, Otterson, and Link, 
J. Amer. Chem. Soc., 1930, 52, 1174; Hirst, Young, and Campbell, Nature, 1938, 142, 912) ; 
pentosan, 72% (Marshall and Norris, Biochem. J., 1937, 31, 1053); methyl pentosan, 11% (Ellet 
and Tollens, Ber., 1905, 38, 492)}. 

Hydrolysis of the Mucilage with Oxalic Acid.—The mucilage (16-2 g.) was heated for 20 hours 
at 100° with oxalic acid (100 c.c., 3%). The insoluble residue (1:14 g.) was removed and the 
remaining solution, after neutralisation with calcium carbonate, filtration and concentration 
to 50 c.c. at 45°/15 mm., was treated with alcohol to yield a calcium salt “ X” (5°4 g.). The 
filtrate and washings on evaporation gave a syrup “ Y ”’ (7°8 g.). 

“XX” appeared to be mainly the calcium salt of an aldobionic acid containing the methyl 
pentose. It showed [a«]}” + 89° in water (c, 0°5) [Found: Ca, 5-0; methyl pentose, 40-2; 
uronic acid, 45; pentose, nil. Calc. for (C,,H,,O,,),Ca: Ca, 5°5; methyl pentose, 45-4; 
uronic acid, 54°3%]. 

After several weeks ‘‘ Y ”’ crystallised almost completely; the crystals removed on treat- 
ment with acetic acid showed m. p. 142°, not depressed on admixture with a-d-xylose, [«]}* 
+ 80° in water (c, 0°7), + 18° after 24 hours. The presence of d-xylose was confirmed by the 
formation in good yield of the osazone, [«]}*° — 44° in alcohol (c, 0°4), m. p. 158°, unchanged on 
admixture with an authentic specimen of d-xylosazone; and, on oxidation, followed by suitable 
treatment, by the isolation of the characteristic boat-shaped crystals of cadmium bromide- 
cadmium xylonate. The acetic acid filtrate after the removal of ‘‘ Y’’ was concentrated to 
yield a syrup, 0°5 g. of which yielded on oxidation with nitric acid 0°18 g. of mucic acid, m. p. 
223°, unchanged on admixture with an authentic specimen. Attempts to prepare arabinose 
diphenylhydrazone were abortive, although under the same conditions a mixture of xylose 
(0-1 g.) and arabinose (0°01 g.) gave arabinose diphenylhydrazone (0°026 g.). 

Hydrolysis with Sulphuric Acid.—The mucilage (15 g.) was heated at 100° for 24 hours with 
sulphuric acid (15%). An insoluble residue (1°9 g.) was removed and the filtrate, after neutralis- 
ation with barium carbonate and precipitation with alcohol, gave a barium salt (1°8 g.) and 
then on evaporation a syrup (6°9g.). Extensive decomposition took place during the hydrolysis. 

The barium salt had [a]}®* + 22° in water (c, 0°6) [Found: Ba, 29°5; uronic acid, 61°7; 
pentosan and methyl pentosan, nil. (C,H,,0,),Ba requires Ba, 23°3; uronic acid, 66°3%]. 
The salt was evidently contaminated with some other fission product but reprecipitation failed 
to purify it further. To the acid (0°1 g.) obtained by removal of the barium as sulphate, nitric 
acid (5 c.c., 50%) was added, and the solution evaporated to 1 c.c. during 2 hours. After the 
addition of water and standing, mucic acid separated (0-7 g.), m. p. 223°, unchanged on 
admixture with an authentic specimen. From another portion of the acid, mucic acid, 
m. p. 223°, was readily obtained by treatment with bromine water for 24 hours at 16°. 

Furfuronoside Formation.—A portion of the acid syrup was treated with methyl-alcoholic 
hydrogen chloride (1%) at 15°. [a] + 45° (initial value; c, 0°4); + 42°5° (3 hours); + 0° 
(36 hours); — 19-7° (48 hours); — 42°4° (80 hours, constant value). d-Galacturonic acid in 
methyl-alcoholic hydrogen chloride (1%) showed [aJ}’ + 50° (initial value; c, 0°6); + 46°3° . 
(3 hours); + 25° (12 hours); -+ 0° (24 hours); — 31° (39 hours); — 51° (48 hours, constant 
value). 

Acetylation of the Mucilage.—The dry mucilage (30 g.) was dispersed by vigorous shaking 
with pyridine (350 c.c.); acetic anhydride (250 c.c.) was then added in 50 c.c. portions with 
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shaking. After being heated at 95° on the water-bath for 3 hours, the mixture was set aside 
for 48 hours with occasional shaking. The acetate was then precipitated in a large excess of 
water as a cream-coloured solid (35 g.), which was repeatedly extracted with acetone—chloro- 
form (1: 1) to yield an insoluble residue “‘ B ”’ (20 g.), and a soluble acetate “‘ A” (14 g.), which 
was isolated by precipitating the concentrated extract with light petroleum (b. p. 60—80°). 
“A” had [a]i®* — 72° in acetone (c, 0°3) (Found: ‘A”, CH,-CO, 410%; “B”, 360%). 
Further acetylation of ‘‘ B”’ failed to raise this value. 

Methylation of ‘‘ A.’’—The acetate (5 g.) in acetone (200 c.c.) was treated in the usual way 
with methyl sulphate (100 c.c.) and sodium hydroxide solution (250 c.c., 30%) in one-tenth 
portions every 10 minutes at 40—45°, After removal of the acetone the solution was heated 
at 80° for 1 hour and the light brown solid which separated was filtered hot. This solid was dis- 
solved in acetone and remethylated as before; the solid which separated was washed with 
boiling water, remethylated twice in the same way, and finally extracted with boiling chloro- 
form, dried over sodium sulphate, concentrated to small bulk, and precipitated with light 
petroleum (b. p. 60—80°) as a white powder (2 g.), [a]}® — 104° in chloroform (c, 0°7) (Found : 
OMe, 35%). 

““B” was methylated in the same way to yield a product (OMe, 34%), [«]i®* — 99° in 
chloroform (c, 1*1), and a similar result was obtained on methylating the crude acetate. 

Fractional precipitation from chloroform solution by light petroleum (b. p. 60—80°) 
indicated that the methylated polysaccharides so obtained were essentially homogeneous. 

Viscosity Determinations.—These were carried out in m-cresol with the results shown in 
Table II, where y. is the specific viscosity, c is the concentration of substance in g. /100 c.c. of 
m-cresol, and c’ is the concentration in g.-mols. of acetylated or methylated anhydroxylose 
residues per litre, assuming the repeating unit to be C,H,O,. 


TABLE II. 


Substance. c. . Tsp. 
Soluble acetate ‘‘A” 0-311 0-26 


» 0-236 
Methylated product from “‘ A’”’ 0-313 0-363 
” 0- 33 1 
Methylated product from “ B”’ 0-307 0-782 
” 0- 7 14 
Methylated product from crude acetate 0-314 0-793 
” 0-728 


Typical Hydrolysis of the Methylated Polysaccharide.—A portion (8°14 g.) of methylated 
mucilage (OMe, 34°7%; [aJ]i®* — 104°) was boiled with methyl-alcoholic hydrogen chloride 
(200 c.c.; 3%) until the rotation became constant ([a]}® + 90°; 17 hours). After neutralisation 
with silver carbonate and filtration the liquid was concentrated to yield a non-reducing syrup 
(8°32 g.), which on vacuum distillation gave four fractions. The first two were refractionated 
from a Claisen flask with a vacuum-jacketed column, giving finally : 


Fraction I 2°52 g., b. p. 90—100°/0°02 mm. (bath temp.), mi” 1-4406 
» II 2°31 g., b. p. 100—120°/0°02 mm. ne » 7? 1-4555 
» III 1°86 g., b. p. 120—140°/0°03 mm. iA » mf 14675 
» IV 1-40g., b. p. 140—190°/0-°04 mm. sb » me 14727 
Still residue 0°23 g. 

Fraction I.—This had [a«]?” + 46° in chloroform (c, 0°5) (Found: OMe, 58°7. Cac. for 
C,H,,0,: OMe, 60°1%). A portion (0°5 g.) was hydrolysed at 100° for 1 hour with 2% nitric 
acid (15 c.c.), the solution neutralised with barium carbonate and evaporated to dryness, and 
the residue repeatedly extracted with boiling ether to give a syrup which rapidly crystallised 
completely (0°45 g.). The crystalline material had m. p. 89°, not depressed by authentic tri- 
methyl xylopyranose, [a]? + 55° in water (c, 0°7), falling to + 20° (Found: OMe, 47°4. Calc. 
for C,H,,0,: OMe, 48°4%). 

Methylation of Fraction II.—Fraction II (1-0 g.), [«]}® + 69° in chloroform (c, 1°0) (OMe, 
47°7%), was twice methylated by treatment with silver oxide and methyl iodide to yield a 
mobile oil (1:09 g.), m}7" 1-4410. This (1-07 g.) was hydrolysed in the usual way with 2% nitric 
acid to give a syrup (0°87 g.), which crystallised on standing, m. p. 89°, unchanged by authentic 
trimethyl xylopyranose, [«]}® + 53° in water (c, 1-0), falling to + 20° (Found : OMe, 47°7%). 

Isolation and Examination of a Dimethyl Xylose from Fraction II.—Hydrolysis of II (0°5 g.) 
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with nitric acid as for fraction I yielded a viscous syrup (0°42 g.), ni 1°4750, [a]}® + 27° in 
water (c, 1°0) (Found: OMe, 33-0. Calc. for C,H,,0,;: OMe, 348%). 

Seven attempts to prepare a crystalline anilide failed (cf. trimethyl xylopyranose, which 
behaves similarly). Control experiments with 2 : 3-dimethyl xylose showed that under the same 
conditions this sugar readily formed the anilide, m. p. 143° (Hampton, Haworth, and Hirst, 
loc. cit.). 

Lactone Formation.—The dimethyl xylose (0°6 g.) in water (9 c.c.) was treated with bromine 
(1 c.c.) at 40° for 2 days until reducing action had ceased. Bromine was then removed by 
aeration, the solution neutralised with silver carbonate, silver ions removed by hydrogen 
sulphide, the solution concentrated, and the syrupy product finally heated at 100°/15 mm. for 
3 hours, followed by exhaustive extraction with ether. The syrup so obtained was distilled 
at 140°/0-03 mm. (bath temp.) to yield a dimethyl xylonolactone (0-35 g.), nj 1-4600, which 
crystallised on standing, m. p. 67° (Found: OMe, 35-2. C,H,,0, requires OMe, 36-1%), 
[a}i*” + 41° (5 minutes in water, c 0-4); + 36° (2 hours); + 31° (4 hours); + 31° (6 hours, 
constant value). 0-083 G. required 8-7 c.c. of N/20-sodium hydroxide for complete neutralis- 
ation. C,H,,0, requires 9-4 c.c. The end-point of the titration was characteristic of a 
8-lactone. 

Dimethyl Xylonamide.—On treatment with methyl-alcoholic ammonia a syrupy amide, 
[a]3° + 54° in water (c, 0-8), was obtained (Found: OMe, 30-7. C,H,,0,;N requires OMe, 
32-1%). 

The amide (0-12 g.) was dissolved in water (2 c.c.), the standard sodium hypochlorite solution 
(Weerman, loc. cit.) (1-4 c.c.) added, and the mixture kept at 0° for 3 hours. The slight excess 
of hypochlorite was destroyed with sodium thiosulphate and on the addition of semicarbazide 
hydrochloride and sodium acetate a dense precipitate of hydrazodicarbonamide (0-45 g.) 
rapidly formed, m. p. 257° (decomp.), unchanged by an authentic specimen. A control experi- 
ment on gluconamide (0-05 g.) yielded hydrazodicarbonamide (0-013 g.), but 2: 3-dimethyl 
xylonamide (m. p. 131°) gave no precipitate even on long standing. 

Oxidation with Nitric Acid.—Fraction II (0-9 g.), dissolved in nitric acid (10 c.c.; d, 1-4), 
was heated at 50° until the evolution of brown fumes had ceased (1—2 hours); the temperature 
was then raised slowly and kept at 90° for 4 hours. After dilution with water nitric acid was 
removed by the continuous addition and removal of water under diminished pressure. The 
syrup finally obtained was esterified by boiling with methyl-alcoholic hydrogen chloride (50 c.c. ; 
3%) for 6 hours, the acid neutralised with silver carbonate, and the syrupy ester (0-8 g.) distilled : 
“C,” 0-3 g., b. p. 120—125°/0-04 mm. (bath temp.), 33° 1-4459, [a]}*" + 45° in methyl alcohol 
(c, 0-6); OMe, 55°2%. “‘ D,” 0-45 g., b. p. 130—150°/0-05 mm. (bath temp.), m}%° 1-4458, [a]}*° 
+ 41° in methyl alcohol (c, 0-8) (Found : OMe, 53-7. C,H,,0, requires OMe, 52-5%). 

“DD” (0-1 g.) was treated with methyl-alcoholic ammonia; the resulting syrupy amide 
({a}#2” + 27° in water, c 0-9) (0-057 g.) gave a precipitate of hydrazodicarbonamide (0-01 g.), 
m. p. 254° (decomp.), when subjected to the ‘‘ Weerman ”’ test. 

The hydroxy-ester ‘‘D”’ (0-4g.) was twice methylated with Purdie’s reagents to yield a product 
(0-32 g.), b. p. 110—115°/0-02 mm. (bath temp.), mi!" 1-4437, [«]}}" + 0° in methyl alcohol (c, 1-5) 
(Found : OMe, 59-7. Calc. for C,,H,,0,: OMe, 620%). This ester was proved to be i-xylo- 
trimethoxyglutaric ester by conversion into the corresponding amide, m. p. 194°, unchanged 
by an authentic specimen, [«]}® + 0° in water (c, 1-2) (Found: C, 44-1; H, 7-0; OMe, 40-9. 
Calc. for C,H,,0,;N,: C, 43-6; H, 7:3; OMe, 42-3%). 

Isolation of \-Dimethoxysuccinamide.—The oxidation of fraction II with nitric acid was 
carried out by heating for 7 hours at 90°. After the usual treatment a mixture of esters was 
obtained which partly crystallised on addition to alcoholic ammonia. The crystals showed 
[«}}?" — 90° in water (c, 0-3), m. p. 270—280° (decomp.), mixed m. p. with d-dimethoxysuccin- 
amide 254° (decomp.). 

Examination of Fraction III.—Methylation and hydrolysis. Fraction III (0-5 g.) nif" 1-4635, 
(a]}7 + 75° in chloroform (c, 0-7), was methylated three times with methyl iodide and silver 
oxide, and the resulting syrup distilled to give a mobile syrup (0-6 g.), b. p. 100°/0-02 mm. 
(bath temp.), n}*° 1-4450, [a]}" + 64° in water (c, 0-9) (Found: OMe, 60-1%). 

Hydrolysis with hydrochloric acid (20 c.c.; 7%) until the rotation became constant (+ 37°; 
1-5 hours), followed by neutralisation with silver carbonate, etc., yielded a colourless syrup 
(0-45 g.), which deposited crystals (0-34 g.), m. p. 89°, not depressed by trimethyl xylopyranose, 
[a}}*" + 56° in water (c, 0-7); + 33° (equilibrium) (Found: OMe, 48-1. Calc. for C,H,,O,: 
OMe, 48-4%). 

The residual syrup (0-1 g.) on treatment with aniline yielded a crystalline anilide (0-03 g.), 
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m. p. 196°, unchanged on admixture with tetramethyl galactopyranose anilide (Found : OMe, 
38-9. Calc. for C,,H,,0;N : OMe, 39-8%). 

Hydrolysis of fraction III. Fraction III (0-54 g.) was hydrolysed at 95° with hydrochloric 
acid (50 c.c.; 7%) until the rotation became constant (6 hours, + 35°). After neutralisation 
with silver carbonate a syrup (0-4 g.) was obtained which showed [a]}" + 23° in water (c, 0-6) 
(Found : OMe, 36-2. Calc. for C,H,,0,: OMe, 34-8%). 

Isolation of 2 : 4 : 6-Trimethyl Galactose A nilide [with R. BuRNETT].—The hydrolysis product 
from another experiment (0-3 g.) in alcohol was heated for 1 hour at 95°. On evaporation and 
standing, crystals (0-02 g.) were obtained, m. p. 169°, mixed m. p. with 2:3: 4-trimethyl 
galactose anilide 157°, unchanged on admixture with 2 : 4: 6-trimethyl galactose anilide. 

Oxidation. The syrupy sugar (0-3 g.) was oxidised with bromine as previously described. 
A lactone (0°18 g.), b. p. 150°/0-04 mm. (bath temp.), n}#° 1-4693, was obtained (Found : OMe, 
37-2. Calc. for C,H,,0,: OMe, 36-1%), [a]}” + 50° (5 minutes in water, c 3-8); ++ 49° (1 hour); 
+ 45° (3 hours); + 40° (7 hours, constant value). The lactone (0-1132 g.) required 12-0 c.c. 
of n/20-sodium hydroxide for complete neutralisation in the cold. Calc. forC,H,,0,: 11-9 c.c. 
The amide obtained from this lactone gave a positive ‘‘ Weerman ’’ test. 

Preliminary Study of Fraction IV.—Hydrolysis. The viscous syrup (0°5 g.), [aJ]}®* + 90° 
in chloroform (c, 0-8), was hydrolysed at 95° with hydrochloric acid (50 c.c., 7%) until the rota- 
tion became constant (+ 39°). The solution was neutralised with silver carbonate, and silver 
ions removed by hydrogen sulphide; then followed treatment with barium carbonate, filtration, 
evaporation, and extraction with ether, giving a soluble syrup “‘ E ’’ (0-3 g.), [a]}*" + 44° in water 
(c, 0-7) (Found: OMe, 27-7%), and a barium salt “‘ F”’ (0-15 g.), [a]}* + 43° in water (c, 0-4) 
(Found: OMe, 17-7%). Owing to the quantity available no crystalline derivatives were 
obtained from ‘“‘ F ’’ by methylation, hydrolysis, and oxidation. 

“E” on treatment with aniline in the usual way gave an anilide (0-3 g.), m. p. 170°, un- 
changed on admixture with 2 : 4 : 6-trimethyl galactose anilide; m. p. 149° on admixture with 
2:3: 4-trimethyl galactose anilide (Found: OMe, 29-5. Calc. for C;;H,,0;N : OMe, 31-3%). 


Thanks are expressed to the Carnegie Trust for a Scholarship (J. M.), to the Carnegie Trust, 
the Earl of Moray Endowment, and Imperial Chemical Industries Ltd. for grants in aid of this 
research, and to Dr. Alexander Nelson for botanical advice. 
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281. The Constitution of Pectic Acid. Part III. H ydrolysis of the 
Methyl Ester of Methylated Pectic Acid and the Isolation of the Methyl 
Ester of 2: 3-Dimethyl 6-Methylgalactopyruronoside. 


By (Miss) S. Luckett and F. Smita. 


Hydrolysis of the methyl ester of methylated pectic acid by prolonged boiling 
with 2% methyl-alcoholic hydrogen chloride yields the crystalline methyl ester of 
2 : 3-dimethyl B-methylgalactopyruronoside (II). The structure of the latter has been 
established by the fact that (a) on oxidation it gives 2 : 3-dimethyl mucic acid, identified 
as the crystalline y-lactone methyl ester (V), and (6) on methylation with Purdie’s 
reagents it affords the methyl ester of 2:3: 4-trimethyl B-methylgalactopyruronoside 
(VI), the structure of which has been proved by synthesis. 


In Part I (Luckett and Smith, this vol., p. 1106) attention was drawn to the stability 
towards hydrolysis of the methyl ester of methylated pectic acid. For complete hydrolysis 
it was found necessary to treat the methyl ester of methylated pectic acid with methyl- 
alcoholic hydrogen chloride in a sealed tube at 115°. This procedure gave the methyl 
ester of 2 : 3-dimethyl methylgalactofururonoside as the main product of the reaction (see 
also Beaven and Jones, J. Soc. Chem. Ind., 1939, 58, 363). It was also pointed out that 
the furanose structure of this 2: 3-dimethyl methylgalacturonoside did not prove that 
pectic acid is composed of furanose residues of galacturonic acid. On the contrary 
the evidence available at that time suggested that the units of galacturonic acid present 
in pectic acid were of the pyranose type as shown in (I). The latter structure is 
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now supported by the observation that, when the methyl ester of methylated pectic acid 
is subjected to prolonged boiling with 2% methyl-alcoholic hydrogen chloride, partial 
hydrolysis takes place with the formation of the methyl ester of a dimethyl methylgalac- 
turonoside (II) which has been shown to possess a pyranose structure. 


CO, CO,H CO,H 


- H | oH 
(I.) vid on V “Ke hoe’, 07 


OH 
"rh An 
H H 


H OH 
CO,H 


ar “: CO.H —-> 
OMe x 2 


H OMe 
(IV.) 


The experimental evidence which led to the formulation (II) being assigned to this 
crystalline substance is as follows. The small negative rotation ([«]) —11°) suggested that 
it was either a 6-methylpyruronoside or an «-methylfururonoside, and its boiling point and 
refractive index lent support to the former possibility. When (II) was heated with dilute 
mineral acid, hydrolysis ensued and there was produced a dimethyl galacturonic acid (III) 
the rotation of which approximated to that of 2 : 3-dimethyl galacturonic acid previously 
prepared from the methyl ester of 2 : 3-dimethyl methylgalactofururonoside (Luckett and 
Smith, loc. cit.). Oxidation of (III) with nitric acid yielded a dimethyl mucic acid (IV), 
which was transformed by esterification and distillation into the crystalline lactone methyl 
ester (V), which proved to be identical with the y-lactone methyl ester of 2 : 3-dimethyl 
mucic acid, the structure of which has been elucidated in Part I. It is clear, therefore, 
that the two ether methyl groups in (II) must occupy positions 2 and 3. 

Methylation of (II) with Purdie’s reagents gave a new crystalline trimethyl methyl- 
galacturonoside (VI), the structure of which follows from the fact that, when (VI) was 
heated with methyl-alcoholic hydrogen chloride, it was converted into the crystalline methyl 
ester of 2: 3: 4-trimethyl «-methylgalactopyruronoside (VII) identical with an authentic 
specimen. This conversion was made possible as a result of the observation that the 
methyl ester of 2:3: 4-trimethyl a-methylgalacturonoside is unaffected by boiling for 
several hours with 1% methyl-alcoholic hydrogen chloride. It follows that (VI) differs 
from the methyl ester of 2:3: 4-trimethyl «-methylgalacturonoside only in the stereo- 
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chemistry of the hydrogen and methoxyl group at C,. Consequently (VI) must be a 
8-glycoside and it is therefore designated the methyl ester of 2:3: 4-trimethyl 6-methyl- 
galactopyruronoside. Since no change in ring structure could take place during the 
transformations (II) —» (VI) —-> (VII), it is clear that (II), like (VII), must possess a 
pyranose structure and it must therefore be the methyl ester of 2 : 3-dimethyl 8-methylgalacto- 
pyruronoside. 

The pyranose structure of (II) and (VI) was confirmed as follows. When a solution of 
§-methylgalactopyranoside in pyridine was allowed to react with trityl chloride at room 
temperature, there was obtained 6-trityl 6-methylgalactopyranoside (VIII). Methylation 
of the latter with methyl sulphate and sodium hydroxide solution gave 6-trityl 2:3: 4- 
trimethyl 8-methylgalactopyranoside (IX), from which the trityl group was removed by means 
of ethereal hydrogen chloride (Smith, J., 1939, 1724) to give crystalline 2 : 3 : 4-trimethyl 
B-methylgalactopyranoside (X). The structure of (X) follows from the fact that on methyl- 
ation with Purdie’s reagents it gave crystalline 2: 3: 4:6-tetramethyl 6-methylgalacto- 
pyranoside and when subjected to hydrolysis with sulphuric acid (X) gave a trimethyl 
galactose (XI) which furnished a crystalline anilide identical with 2:3: 4-trimethyl 
galactose anilide (McCreath and Smith, J., 1939, 387). Treatment of (X) with alkaline 
potassium permanganate according to the conditions employed in Part II (Luckett and 
Smith, this vol., p. 1114) oxidised the primary alcoholic group in position 6 to a carboxyl 
group and there resulted 2 : 3 : 4-trimethyl 6-methylgalactopyruronoside (XII). Esterific- 
ation of the latter with diazomethane yielded the corresponding crystalline methyl ester of 
2:3: 4-trimethyl 6-methylgalactopyruronoside. This proved to be identical with that 
prepared from the 2 : 3-dimethyl derivative (II). 

Furthermore, when 2:3: 4-trimethyl galacturonic acid, prepared from the methyl 
ester of 2 : 3 : 4-trimethyl «-methylgalacturonoside by hydrolysis with dilute sulphuric acid, 
was methylated with methyl sulphate and sodium hydroxide solution, a preponderance of 
the ®-glycoside was formed. After esterification of the 2:3: 4-trimethyl methylgalac- 
turonoside with diazomethane there was obtained a crystalline methyl ester which was 
identical with the methyl ester of the 2:3: 4-trimethyl 6-methylgalactopyruronoside 
derived from (II). 


EXPERIMENTAL. 


The Methyl Ester of Methylated Pectic Acid.—Pectic acid, prepared from citrus pectin (50 g.) 
by the method previously described (Ehrlich and Guttman, Biochem. Z., 1933, 259, 100; Luckett 
and Smith, this vol., p. 1106), was separated on the centrifuge and washed with water to remove 
the excess of hydrochloric acid and the soluble reducing substances. Whilst still containing 
water, the amorphous pectic acid was stirred vigorously with water (50 c.c.) and neutralised by 
the addition of a 15% solution of sodium hydroxide. The temperature was raised to 55° (bath 
temp.) and methyl sulphate (200 c.c.) and 30% sodium hydroxide solution were slowly added 
during 3 hours. Excess of sodium hydroxide must be avoided, otherwise the pectic acid is 
precipitated as a sodium salt.. The methylation was completed by heating the mixture for 
10 minutes at 70°. After cooling, the mixture was acidified with dilute sulphuric acid and 
subjected to dialysis at room temperature against a continuous stream of tap water to remove 
the excess of the sulphuric acid and most of the sodium sulphate. The dialysed solution was 
evaporated to a suitable volume (ca. 40 c.c.) under diminished pressure and the partially methyl- 
ated pectic acid thus obtained was remethylated in the manner described above. After five 
such methylations the methylated pectic acid was isolated by dialysis and converted into the 
methyl ester of methylated pectic acid as described by Luckett and Smith (loc. cit.). Yield, 8 g. 
(Found: OMe, 44-8%). 

Fractionation of the Methyl Ester of Methylated Pectic Acid.—To a solution of the crude 
material in acetone (20 c.c.), ether was slowly added with stirring to give a white flocculent 
amorphous precipitate (fraction I). To the liquid decanted from fraction I, more ether was 
added to give successively fractions II, III, and IV. Addition of more ether caused little or no 
precipitation, but on adding light petroleum there were obtained in turn fractions V, VI, and 
VII. Removal of the solvent from the mother-liquors gave a pale yellow residue (1-4 g.) which 
had OMe, 426%. Each of the fractions I to VII was dissolved in acetone, and the solution 
poured with stirring into light petroleum. In this way all the fractions were obtained as white 
amorphous powders which could be easily dried. 
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Fraction. Weight, g. [a]#° in water. % OMe. Fraction. Weight, g. [a]? in water. % OMe. 
0-6 +209° 42-3 Vv 0-71 +209° 43-0 
1-45 +212 43-2 VI 1-8 +208 44-0 
0-8 +213 43-6 VII 0-72 +201 44-3 
0-55 +205 43-6 


The results of the osmotic pressure measurements of a chloroform solution of fraction V 
correspond to a molecular weight of approximately 1500 [Found for fraction VI: C, 49-2; 
H, 6-7. (C,H,,O,), requires C, 49-5; H, 65%]. 

Hydrolysis of the Methyl Ester of Methylated Pectic Acid with 2% Methyl-alcoholic Hydrogen 
Chloride.—When a solution of the methyl ester of methylated pectic acid (fractions I, II, III, 
and IV; 3-4 g.) in 2% methyl-alcoholic hydrogen chloride (200 c.c.) was boiled, it showed : 
[a]p +195° (initial value); + 187° (after 2 hours); + 181° (4hours); + 176° (6 hours); + 172° 
(8 hours); + 168° (10 hours); + 165° (12 hours); + 159-5° (18 hours); + 158-5° (20 hours) ; 
+ 158° (22 hours); -+ 158° (28 hours). The solution was neutralised with silver carbonate, 
filtered, and evaporated under diminished pressure to give a pale yellow, glassy residue. Extrac- 
tion of this with boiling ether gave a thick syrup (”}* 1-4720; OMe, 48-9%) and there remained 
a residue of incompletely hydrolysed material, [a]}* + 177-5° in water (c, 0-7) (Found: OMe, 
431%). Extraction of the thick syrup with ether at room temperature yielded a fairly viscous, 
pale yellow syrup (0-7 g.), ni 1-4690 (Found: OMe, 49-8%). Distillation of this cold ether- 
soluble syrup gave: Fraction i (0-23 g.), b. p. (bath temp.) 100—120°/0-02 mm., nj” 1-4510, 
[a}i®* — 39-5° in methyl alcohol (c, 2-0) (Found: OMe, 54-4%); fraction ii (0-2 g.), b. p. (bath 
temp.) 140—160°/0-02 mm., »}®* 1-4625. The second fraction crystallised spontaneously on 
keeping and after recrystallisation from ethyl alcohol-ether the methyl ester of 2 : 3-dimethyl 
§-methylgalactopyruronoside had m. p. 111°, [«]}7’ — 11° in water (c, 1-1) (Found: C, 48-3; 
H, 7-1; OMe, 47-8; equiv. 256. C, 9H,,0, requires C, 48-0; H, 7-2; OMe, 49-6%; equiv., 250). 

When a solution of this methyl ester of 2: 3-dimethyl $-methylgalacturonoside in 2% 
methyl-alcoholic hydrogen chloride was heated in a sealed tube for 16 hours on the boiling water- 
bath, the rotation changed from [a], — 12° to — 36°, probably owing to the transformation of 
the methylpyranoside into a methylfuranoside. 

Conversion of the Methyl Ester of 2: 3-Dimethyl 8-Methylgalacturonoside into the Methyl 
Ester y-Lactone of 2: 3-Dimethyl Mucic Acid.—When a solution of the methyl ester of 2: 3- 
dimethyl 6-methylgalacturonoside (27 mg.) in 1% nitric acid was heated on the boiling water- 
bath, it showed [a]p — 6° (initial value); — 2° (after 1 hour); + 9° (3$ hours); + 19° (54 
hours); + 25° (74 hours); + 36° (10 hours); + 51° (15 hours); + 56° (19 hours); + 57° (29 
hours); + 57° (32 hours). This solution was concentrated under reduced pressure almost to 
dryness and to the residual liquid a further amount (20 mg.) of the methyl ester of the 2 : 3-di- 
methyl $-methylgalacturonoside was added, followed by nitric acid (0-4 c.c., d 1-42). The 
solution was heated for } hour at 50° and for 1} hours at 75°, diluted with water, and freed from 
nitric acid by distillation under diminished pressure, a process which was considerably facilitated 
by the simultaneous addition and distillation of small amounts (5 c.c.) of methyl alcohol. After 
removal of all traces of solvent the residue was dissolved‘in methyl alcohol (5 c.c.) and to the 
ice-cold solution of the 2: 3-dimethyl mucic acid a slight excess of an ethereal solution of 
diazomethane was added. The excess of the diazomethane was immediately eliminated by 
concentration of the solution under reduced pressure. In this manner there was obtained a 
colourless syrup which crystallised almost completely when nucleated with the methyl ester 
y-lactone of 2: 3-dimethyl mucic acid. After recrystallisation from ethyl alcohol-ether the 
crystals had m. p. 92° alone or in admixture with an authentic specimen of the methyl ester 
y-lactone of 2 : 3-dimethyl mucic acid previously prepared from the methyl ester of methylated 
pectic acid. 

Methylation of the Methyl Ester of 2 : 3-Dimethyl 8-Methylgalactopyruronoside with Purdie’s 
Reagents.—One treatment of the methy] ester of 2 : 3-dimethyl 8-methylgalacturonoside (20 mg.) 
with silver oxide and methyl iodide gave the corresponding 2 : 3 : 4-trimethy]l derivative (18 mg.), 
which was isolated by means of acetone. After recrystallisation from ether—light petroleum 
the methyl ester of 2: 3 : 4-trimethyl 6-methylgalactopyruronoside had m. p. 102°, [a]}” — 20° 
in methyl alcohol (c, 1-2). This crystalline compound was identical with specimens of the same 
substance prepared from the methyl ester of 2: 3: 4-trimethyl a-methylgalacturonoside and 
from 2: 3 : 4-trimethyl B-methylgalactoside (see below) (Found: C, 50-2; H, 8-0; OMe, 58-0. 
C,,HO, requires C, 50-0; H, 7-65; OMe, 58-7%). 

Transformation of the Methyl Ester of 2: 3: 4-Trimethyl 8-Methylgalacturonoside into the Methyl 
Ester of 2:3:4-Trimethyl a-Methylgalacturonoside.—A solution of the methyl ester of 2:3: 4- 
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trimethyl @-methylgalacturonoside (4:3 mg.), obtained from the previous experiment, in 2% 
methyl-alcoholic hydrogen chloride (0-4 c.c.) was heated in a sealed tube for 15 hours at 100°. 
The solution, which now showed [«], + 122°, was freed from solvent and hydrogen chloride by 
evaporation under reduced pressure over soda lime in a desiccator. The syrupy residue readily 
crystallised and after recrystallisation from ether—light petroleum there was obtained the methyl 
ester of 2:3: 4-trimethyl a-methylgalactopyruronoside, m. p. alone and mixed with an 
authentic specimen 69°, [a]}® + 172° in water (c, 1-2). 

Preparation of the Methyl Ester of 2: 3: 4-Trimethyl a-Methylgalacturonoside and its Conver- 
sion into the B-Methylgalacturonoside.—Five treatments of the methyl ester of «-methylgalacto- 
pyruronoside (5 g.) with silver oxide and methy] iodide, the first of which required the addition 
of methyl alcohol to dissolve the material, gave the methyl ester of 2 : 3 : 4-trimethyl «-methy]l- 
galacturonoside; m. p. 72°, [a]#*° + 170° in water (c, 0°6) (after recrystallisation from ether—light 
petroleum) (Found : C, 50:2; H, 7°7; OMe, 59°1. Calc. for C,,H,0,: C, 50°0; H, 7°65; OMe, 
58°7%). 

Treatment of the methyl ester of 2: 3: 4-trimethyl a-methylgalacturonoside with methyl- 
alcoholic ammonia for 2 days at — 5° gave an amide, which crystallised on removal of the 
solvent. After recrystallisation from ethyl acetate-ether the amide of 2:3: 4-trimethyl 
. a-methylgalactopyruronoside had m. p. 154°, [«]#° + 139° in water (c, 3°3) (Found: C, 48°2; 
H, 7°7; OMe, 49°1; N, 5°8. Calc. for C,,H,,O,N : C, 48°2; H, 7°7; OMe, 49°8; N, 5°6%). 

The crystalline methyl ester of 2:3: 4-trimethyl «-methylgalacturonoside showed [a]>* 
+ 163° in 1% methyl-alcoholic hydrogen chloride. No change in rotation occurred when this 
solution was boiled for 3 hours and no change was observed after the hydrogen chloride content 
of the solution had been increased to 2% and the solution had been boiled for a further 5$ hours. 

A solution of the methyl ester of 2:3: 4-trimethyl a-methylgalacturonoside (1 g.) in 
n-sulphuric acid (50 c.c.) was heated for 4 days on the boiling water-bath. The solution was 
treated with N-sodium hydroxide (51 c.c.) and evaporated under diminished pressure almost to 
dryness. The residue containing the 2 : 3: 4-trimethyl galacturonic acid was treated at room 
temperature with methyl sulphate (7 c.c.) and sodium hydroxide (21 c.c. of a 30% solution). 
The reagents were added with stirring during ? hour and after a further hour the solution no 
longer reduced Fehling’s solution. The methylation was completed by heating the reaction 
mixture for } hour at 95° (bath temp.). After treatment of the pale yellow solution with a 
slight excess of dilute sulphuric acid it was evaporated under reduced pressure to remove dis- 
solved carbon dioxide and then neutralised with N-sodium hydroxide. To the neutral solution, 
0'ln-sulphuric acid (33 c.c.; calc., 37°8 c.c.) was added to liberate the 2:3: 4-trimethyl 
8-methylgalacturonoside. The solution was evaporated to dryness under reduced pressure, 
and the methylated organic acid extracted from the residue by means of ether. Removal of the 
ether gave syrupy 2:3: 4-trimethyl 6-methylgalacturonoside, which was converted into the 
methyl ester by means of a slight excess of ethereal diazomethane. The syrup obtained on 
elimination of the excess of the solvent readily crystallised on nucleation and after recrystallis- 
ation from ether-—light petroleum the methy] ester of 2 : 3 : 4-trimethyl 6-methylgalactopyrurono- 
side had m. p. 102°, [«]}8* — 21° in methyl alcohol, [«]}§*° — 7° in water (c, 18) (Found : C, 50°3; 
H, 7°7; OMe, 58°4%). 

Synthesis of the Methyl Ester of 2:3: 4-Trimethyl 8-Methylgalactopyruronoside.—A solution 
of 8-methylgalactopyranoside (4°2 g.) in pyridine (45 c.c.) was treated with trityl chloride (5-7 g.). 
After keeping for 3 days at room temperature the reaction mixture was poured with stirring 
into water. The crystalline product was filtered off, washed with water, and dried in a vacuum 
over phosphoric oxide (yield, 9°2 g.). Repeated crystallisation from methyl alcohol gave the 
6-trityl 6-methylgalactoside in needles, m. p. 176° after softening at 83°, [«]}® — 39° in chloro- 
form (c, 1°9) (see Miller, Ber., 1931, 64, 1820). 

The 6-trityl 8-methylgalactoside, dissolved in acetone (35 c.c.), was treated with methyl 
sulphate (20 c.c.) and sodium hydroxide (60 c.c. of a 30% solution) at 45° (bath temp.) with 
stirring. The reagents were added simultaneously during 2 hours and acetone was added from 
time to time to replace that lost by evaporation in order to keep the trityl compound in solution. 
The stirring was continued until the acetone had been expelled and the partially methylated 
trityl compound, which had separated as a stiff syrup on the surface of the methylation mixture, 
was removed and remethylated as above. After five methylations in this manner the methyl- 
ated 6-trityl B-methylgalactoside was isolated by extraction with chloroform. The chloroform 
solution was washed with water, dried over anhydrous calcium chloride, and evaporated to 
dryness to give a pale yellow, stiff syrup. Three treatments of this syrup with silver oxide and 
methyl iodide gave 6-trityl 2:3: 4-trimethyl B-methylgalactopyranoside as a pale yellow glass 
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(7°6 g.) (after isolation with acetone), [«]}/° — 23° in chloroform (c, 22) (Found: OMe, 25-7. 
C.,H;,0, requires OMe, 25°9%). 

When a solution of the 6-trityl 2:3: 4-trimethyl 6-methylgalactoside in ether (50 c.c.), 
cooled to 0°, was saturated with dry hydrogen chloride, the trityl group was readily eliminated. 
The ethereal solution was removed from the ice-bath, left at room temperature for $ hour, and 
then exhaustively extracted with water. The combined aqueous extracts were neutralised with 
lead carbonate, filtered, and evaporated to ess under reduced pressure. The product was 
purified by extraction with acetone and theré was obtained a syrup (2°4 g.), which distilled 
giving: fraction i (chiefly 2:3: 4:6-tetramethyl 6-methylgalactoside) (0°8 g.), b. p. (bath 
temp.) 110—120°/0°04 mm., }¥" 1-4520—1°4575; fraction ii (1°2 g.), b. p. (bath temp.) 120— 
130°/0°04 mm., n}¥" 1-4575—1°4640. The second fraction crystallised on keeping and after 
trituration with ether-light petroleum to remove adhering syrup, followed by wrecrystallisation 
from ether, the 2: 3 : 4-trimethyl B-methylgalactopyranoside had m. p. 70—72°, [a]}® + 11° in 
water (c, 1:0) (Found: C, 51°0; H, 8°6; OMe, 52°7. C,9H,,O, requires C, 50°7; H, 8°5; 
OMe, 52°6%). 

One treatment of the 2: 3: 4-trimethyl 6-methylgalactopyranoside (20 mg.) with Purdie’s 
reagents gave 2:3: 4: 6-tetramethyl 6-methylgalactopyranoside, m. p. and mixed m. p, 47° 
(after crystallisation from light petroleum). 

When a solution of the 2 : 3 : 4-trimethyl 6-methylgalactopyranoside (0°1 g.) in nN-sulphuric 
acid (10 c.c.) was heated on the boiling water-bath for 8 hours, the rotation became constant 
({]37" + 108°). After neutralisation of the sulphuric acid with barium carbonate and removal 
of the solvent under reduced pressure 2: 3: 4-trimethyl galactose was obtained as a syrup 
(0°095 g.). . Treatment of this syrup with aniline (0-045 g.) in boiling ethyl alcohol for 2 hours 
gave 2:3: 4-trimethyl galactose anilide, which crystallised on removal of the solvent, m. p. 
and mixed m. p. 166° (after recrystallisation from ethyl alcohol). 

The crystalline 2 : 3 : 4-trimethyl 8-methylgalactoside (0°17 g.) was dissolved in water (10 c.c.) 
and treated with a solution of potassium permanganate (0°26 g.) and potassium hydroxide 
(0°09 g.) in water (20 c.c.). After keeping for 2 days at room temperature, when the oxidation 
was complete, the solution was treated with a little charcoal, filtered, and neutralised with dilute 
sulphuric acid; a further addition of 0°1N-sulphuric acid (6°8 c.c.) was made in order to liberate 
the 2: 3: 4-trimethyl 6-methylgalacturonoside. Evaporation of the solution to dryness under 
diminished pressure, followed by extraction of the residue with ether, yielded the organic acid 
as a colourless syrup, which was esterified by treatment with a slight excess of an ethereal 
solution of diazomethane. Removal of the solvent gave the methyl ester of 2: 3: 4-trimethyl 
§-methylgalactopyruronoside (0°15 g.), which distilled as a colourless liquid, b. p. (bath temp.) 
130—135°/0°06 mm. The distillate crystallised on keeping and the crystals were separated on 
atile. After recrystallisation from ether-light petroleum the methyl ester of 2 : 3 : 4-trimethyl 
§-methylgalactopyruronoside had m. p. 102°, [«]}?" — 21° in methyl alcohol (c, 1°3). This 
synthetic crystalline product was identical with the methyl ester of 2 : 3 : 4-trimethyl 6-methyl- 
galacturonoside prepared from the 2 : 3-dimethyl derivative. 
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Fructosemethylphenylhydrazone. By W. J. HEppLE and E, G. V. PERCIVAL. 


Percivat and Percivat (J., 1937, 1320) reported the preparation from fructose of a methyl- 
phenylhydrazone, m. p. 170°, [«J]#?" — 253°, which yielded a penta-acetate, m. p. 121°, [a]}” 
+ 865°. Ofner (Monatsh., 1905, 26, 1165) had previously described fructose methylphenyl- 
hydrazone, m. p. 116—120°. His preparation wee repeated and the crystalline methylphenyl- 
hydrazone so obtained had m. p. 118—119°, [«]}® + 0° in (4: 6)-pyridine—alcohol (c, 0-6). Many 
attempts to prepare a crystalline acetate failed, the pale yellow syrup obtained showing [a]}” 
— 75° in chloroform (c, 1-3) (cf. + 86-5° for the acetate of the methylphenylhydrazone, m. p. 
170°) (Found : CH,°CO, 43-5. C,,H,,0,)N, requires CH,°CO, 43-5%). 

These marked differences in rotation obviously exclude any possibility of dimorphism and 
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the occurrence of two fructosemethylphenylhydrazones may be due to different ring structures 
or the presence of a cyclic structure in one case and not in the other.—Kine’s BUILDINGs, 
UNIVERSITY OF EDINBURGH. ([Received, September 16th, 1940.] 


An Enol-acetate in the Triterpene Series. By E. R. H. Jongs and 
K. J. VERRILL. 


Tue facility with which the carbonyl group of B-amyranonyl acetate can enolise was demon- 
strated by Beynon, Sharples, and Spring (J., 1938, 1233), who found that the keto-acetate 
contained an active hydrogen atom. This observation suggested that bromination of the 
keto-acetate would proceed easily and some progress had been made in this study when Picard, 
Sharples, and Spring (J., 1939, 1045) reported successful experiments along these lines. The 
results obtained by us were in complete agreement with those of the latter authors and in 
addition it was observed that the bromination could be effected in chloroform solution at room 
temperature and that the crude bromine-containing product yielded the «f-unsaturated ketone 
on crystallisation from acetic acid. 

Together with the bromination experiments, the acetylation of the ketone was examined, 
since in the sterol series a study of the reactions of enol-acetates has yielded results of con- 
siderable interest. When the keto-acetate is heated under reflux with acetic anhydride and 
anhydrous potassium acetate, the enol-acetate of B-amyranonyl acetate, m. p. 225—227°, can be 
prepared in good yield, its constitution being proved by hydrolysis to B-amyranonol. The 
enol-acetate remains unaffected by selenium dioxide oxidation under more drastic conditions 
than those successfully employed by Ruzicka, Miiller, and Schellenberg (Helv. Chim. Acta, 1939, 
22, 767) for the conversion of 8-amyrin acetate into a dehydro-$-amyrin acetate and is recovered 
unchanged on heating under reflux with sulphur in benzyl acetate (Simpson, this vol., p. 230). 

In the expectation of obtaining results of considerable interest it was intended originally to 
examine the formation of enol-acetates from various «$-unsaturated triterpene ketones and it 
might be pointed out that the preparation of the same or different enol-acetates from the 
a-amyrenonyl acetate and efi(iso)-a-amyrenonyl acetate recently described by Ewen and 
Spring (this vol., p. 1196) would furnish important evidence of their relationship to one another. 

Enol-acetate of ®-Amyranonyl Acetate—A solution of B-amyranonyl acetate (1 g.) and 
freshly fused potassium acetate (0-5 g.) in acetic anhydride (50 c.c.) was heated under reflux for 
30 hours. The reaction mixture was treated with water and crystallisation of the solid product 
from alcohol yielded the enol-acetate (750 mg.) in fine needles, m. p. 225—227°, [a]? + 44° 
(} = 1,¢ = 1:2in chloroform) (Found: C, 77-5; H,10-6. C,,H,,O, requires C ,77-5; H, 10-3%). 
Hydrolysis was effected by heating under reflux with methyl-alcoholic potassium hydroxide 
(10%), yielding @-amyranonol, m. p. 202—203° after crystallisation from aqueous alcohol, 
undepressed on admixture with an authentic specimen.—IMPERIAL COLLEGE OF SCIENCE AND 
TECHNOLOGY, Lonpon, S.W. 7. [Received, September 19th, 1940.] 


The Alleged Reduction of the Phenylurethane of Trichlorolactic Ester and Nitrile by Dilute Aqueous 
Alkali. By Harry Irvinc and HuGcu Marston. 


By shaking with 10% aqueous caustic soda saturated solutions of the phenylurethanes of chloral 
cyanohydrin or ethyl trichlorolactate (I, X = CN or CO,Et) in ether-ligroin, Lambling (Bull. 
Soc. chim., 1898, 19, 782) obtained crystalline solids which he formulated as reduction products 
(II, X = CN or CO,Et), rejecting the structures (IV, X = CN or CO,Et) on the grounds that 
the products showed no tendency to add on bromine and that the concomitant formation of 
phenyl isocyanide could likewise be explained as a reduction of liberated Ph*-NCO to Ph:NC. 
The formation of #w-dichloroacetanilide, CHCl,-;CO-NHPh, together with a lactam formulated 


CCl,-CHX(O*CO-NHPh) CHC1,*CHX(O*CO:NHPh) CHCl CH “i NPh 


(I.) (II.) (III.) 


as (III) when the urethane (I, X = CN) was boiled with aqueous sodium carbonate was taken 
as confirming the presence of CHCl, groups in (II) and (III). 

We have repeated and confirmed Lambling’s preparations, but there can be no doubt that 
all the products contain the grouping CCl,-C. and are to be formulated as (IV, X = CN or 
CO,Et) and (V), since the urethane (IV, X = CN) which Lambling represented as (II) can be 
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obtained from (I, X = CN) by quantitative elimination of hydrogen chloride by means of a 
cold ethereal solution of triethylamine. 


NEt, ‘ . “CO 
(I) re 9 CCl,.-CX(O*CO*-NHPh) COC NPh 

(Iv.) (V.) . 

Such facile elimination of hydrogen chloride is, indeed, to be anticipated, since the a-hydrogen ¢ 
atom is activated by CN or CO,Et (K6tz, J. pr. Chem., 1913, 88, 531; 1914, 90, 306; Chattaway i 
and Irving, J., 1929, 1039). That the products (IV) and (V) do not add on bromine is scarcely fi 
surprising in view of the well-known deactivating effect of Cl and CN attached to a double bond 
(cf. Ingold and Ingold, J., 1931, 2357 and refs. therein; Taylor and Murray, J., 1938, 2085). Hi 
The formation of ww-dichloroacetanilide when the cyanourethane (as I) is boiled with sodium : 
carbonate solution is due to hydrolysis of the primary product (IV, X = CN), isolable when cold ® 
dilute alkali or triethylamine is used (see above), followed by the known action of chloral cyano- — 
hydrin or dichloroacetonitrile upon aniline resulting from the Ph-NH°CO,H also formed (K6tz ; 
Chattaway and Irving, Jocc. cit.). This reaction and hydrolysis of the CN group, followed by 
lactamisation to the oxazolone (V), are independent: on increasing the temperature and ; 
strength of alkali, C-C fission of the chloral cyanohydrin to give chloroform takes place to an 
increasing extent (Hagemann, Ber., 1872, 5, 152), and the isonitrile observed results from its k 
interaction with aniline in the alkaline medium. The course of these reactions has been followed e 
qualitatively. 5 
It is noteworthy that in agreement with our figures, Lambling’s own analyses support 4 
formule (IV) and (V) rather than those which he himself adopted. 




























Calc. for C,,H,O,N,Cl, (II, X =CN) ...... 





CoH OaNaCla (IV, x = sates seveee 46-7 2-3 10-9 27-6 257 : 
Found : Lambling ons seseee 486 2-4 10-8 27-9 240, 253 
Irving and Marston ...ccscccsceseee 467 2-5 10-8 27-7, 27-8 — 
Calc. for C,,H,O,NCI, (III) .. 46-15 2-7 5-4 27-3 260 
ie C,,H,O,NCI, (V) 46-5 1-9 5-4 27-1 258 K 
Found: Lambling pscicivcssssodsesacns '* Qe 2-0 5-4 27-0 226, 242 
Irving and Marston ..cccccccssssseee 46-6 1-85 5-5 27-2, 27-15 _ 
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282. Factors in the Stabilisation of Emulsions. 
By A. Kinc and G. W. WRzZEsZzINSKI. 


The influence of electrolytes on the electrokinetic potential of stabilised oil-in- 
water emulsions has been studied. No relation has been observed between electrical 
charge and emulsion stability-in the absence of chemical reactions. The rdle of 
lyotropic phenomena has been investigated, with special reference to concentrated a 
emulsions, and the results have been discussed and explained. The relation of other i 
fundamental properties of emulsions to stability has been considered, and some general ¥ 
principles have been developed for a rational explanation of the behaviour of certain 
groups of emulsions. 


Most of the early, critical studies of emulsions, especially those concerned with the réle i 
of the electrical charge, were based on work with oil hydrosols (unstabilised emulsions) ; it f 
was therefore inevitable that the phenomena observed in this type of dilute emulsion should i 
have provided the basis for discussion of the electrical properties of emulsions in general E 


and the relationship of these properties to stability. This explains the outstanding 
importance assigned to electrical charge in emulsion stability by many workers. 


Ellis (Z. physikal. Chem., 1912, 78, 321; 80, 597; 1915, 89, 145) studied the influence ; 
of electrolytes on the stability and cataphoretic velocity of two-phase emulsions, and f! 
Powis (ibid., pp. 91, 179, 186) investigated the réle of the interfacial potential in these 3 


systems. Ellis showed that stability and potential were closely related, whereas Powis . 
introduced the notion of a critical potential, an idea which has been proved meaningless i 
by Eilers and Korff (Trans. Faraday Soc., 1940, 36, 229). 
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Clowes (J. Physical Chem., 1916, 20, 407) extended Ellis’s conclusions to emulsions of 
all kinds and types. He considered that, in stabilised emulsions, stability phenomena 
could be explained by a consideration of the electrical charge on the dispersed globules, 
which, in turn, was due to preferential adsorption of anions and cations. Bhatnagar (J., 
1920, 117, 552; 1921, 119, 61, 1760) elaborated this theory, finding that emulsions are 
normally stabilised by the charge conferred on the droplets by the adsorbed hydroxyl or 
hydrogen ions. The phase inversion from one emulsion type to another, brought about 
by the addition of electrolytes, is considered to be due to neutralisation and reversal of 
charge following adsorption of an active ion of charge opposite to that stabilising the 
initial emulsion. We have already found (Trans. Faraday Soc., 1939, 35, 741) that 
Bhatnagar’s hypothesis held only in systems where the interfacial film was chemically 
decomposed by the added electrolyte. Using chemically inert emulsifying agents, we were 
unable to detect any appreciable influence of even considerable concentrations of acids, 
bases, and salts on emulsion stability. 

Quantitative, electrokinetic research on stabilised emulsions was carried out by Limburg 
(Rec. Trav. chim., 1926, 45, 772, 854), who found that, with oil hydrosols, stability was 
smallest at the isoelectric point. This point was reached only when salts with tervalent 
. or quadrivalent cations (7.e., salts which are hydrolysed in aqueous solution) were added to 
the system. When the emulsion was stabilised with a saponin, the shape of the curve 
obtained by plotting cataphoretic velocity against a function of the concentration of the 
electrolyte was the same as in the experiments with oil bydrosols. There was, however, 
no relationship between cataphoretic velocity and stability, nor was any decrease in 
stability noticed at the isoelectric point. In the absence of relationship between electro- 
kinetic potential and stability, Limburg concluded that it was the protective film of 
emulsifying agent which conferred stability on the droplet. 

Verwey (Chem. Weekblad, 1939, 36, 800), who does not distinguish between stabilised 
emulsions and oil hydrosols, believes that in all kinds of emulsions the electrical conditions 
play a dominant réle. The function of the emulsifying agent is said to be to shift the 
potential drop of the electrical double layer towards the outer phase, besides imparting to the 
droplets properties resembling those of solid surfaces. Schulman and Cockbain (Trans. 
Faraday Soc., 1940, 36, 651) postulate similarly that electrical charge on the oil droplets 
is a condition for the stability of oil-in-water emulsions. They report separation of 
internal phase incident on the neutralisation of the electrical charge. The emulsifying 
agents used by these authors, however, were liable to react with many of the electrolytes 
employed. It is clear that the occurrence of chemical interaction makes any subsequent 
phenomena observed unsuitable for generalisations concerning emulsion stability. 

From the foregoing it is clear that the only quantitative investigation into the relation- 
ship between electrical charge and the stability of stabilised emulsions was that carried out 
by Limburg. We therefore studied the influence of electrolytes on the cataphoretic 
velocity of oil-in-water emulsions stabilised by a variety of agents, and determined whether 
changes in the potential were accompanied by similar changes in stability. 

Results.—The agents selected were a saponin, a Daxad reagent, sedium oleate, and 
alumina. The Daxad reagents are described as polymerised sulphonic acids of the alkyl- 
aryl type, and we had confirmed (oc. cit.) that they are unaffected by substantial concentra- 
tions of acids, bases, and salts. The alumina also showed a high resistance to electrolytes. 
In contrast, sodium oleate reacts chemically with salts with multivalent cations, and the 
emulsions which it stabilises are, consequently, rendered unstable by the addition of salts 
of, ¢.g., magnesium or aluminium. 

1. Saponin (Fig. 1). The mobilities are relative values and were obtained by multi- 
plying the reciprocals of the time periods taken by the globules to cover the standard 
distance by 1000. 

No quantitative data could be obtained when sulphuric acid was used. The charge 
was, however, negative throughout. 

In cases where the electrophoretic velocity was reduced to small values by electrolyte 
concentrations of less than 0-0001N, as with magnesium sulphate and potassium iodide, 
measurements were repeated with much higher concentrations of electrolyte. In no case, 
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however, was a reversal of sign of charge effected; at higher electrolyte concentrations, 
cataphoretic flow will come to a standstill, owing to disturbances caused by electrolysis, and, 
occasionally, by creaming and clumping. The disturbing influence of electrolysis is, how- 
ever, a general, not a specific property of electrolytes and is not noticeable except at 


Fic. 1. 
The influence of electrolytes on the cataphoretic velocity of an emulsion stabilised by saponin. 
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Fic. 2. 
The influence of electrolytes on the cataphoretic velocity of an emulsion stabilised by Daxad 23. 
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relatively very high concentrations—much higher than the maximum concentration used in 
the present studies, 7.¢e., 0-0002N, but usually lower than 0-1N. It became clear that the 
absence of flow at high concentrations of electrolytes, when electrolysis could no longer be 
neglected, or whenever clumping or rapid creaming took place, was due to mechanical 
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interference with flow and not to the absence of electric charge; the experiments with 
aluminium sulphate clearly illustrate the difference in character and meaning between the 
stoppage of flow at the isoelectric point and at high salt concentrations. (In this case, the 
disturbances at high electrolyte concentrations were caused by creaming and clumping.) 
Schulman and Cockbain (loc. cit.) did not specify the concentrations of their electrolytes, 
so it is possible that they were sufficiently high to cause disturbances of the kind just 
mentioned. 

2. Daxad (Fig. 2). With aluminium sulphate, only qualitative measurements were 
possible, constant values being unobtainable. The position of the isoelectric point could, 
however, be estimated with considerable precision : it corresponded to a concentration of 
electrolyte of 24:5 x 10-6n. 

3. Sodium oleate (Fig. 3). With thorium and aluminium sulphates, quantitative 
measurements became impossible as soon as the salt concentrations reached ca. 3 x 10-°N 
and ca. 1-5—2-0 x 10-5n respectively, since the flow came to a standstill a few seconds 


Fic. 3. 
The influence of electrolytes on the cataphoretic velocity of an emulsion stabilised by sodium oleate. 
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after the current had been turned on. It might be inferred that this disturbance was due 
to chemical decomposition, but it is noteworthy that these effects were absent when either 
magnesium sulphate or sulphuric acid was the electrolyte. 

4. Alumina. These measurements were very difficult, as there was a strong tendency 
for the particles to aggregate in clumps. Observations could only be made over very short 
periods of time, and quantitative determinations were impossible. It was, therefore, 
decided to limit the experiments with emulsions stabilised by alumina to a qualitative (or 
semi-quantitative) investigation of the effect of a salt with a multivalent cation. Alumin- 
ium sulphate was selected, as it had been shown, by the experiments described above, to 
have the most pronounced effect on the cataphoretic mobility of the oil droplets. The 
results are tabulated below, ¢ being the time in seconds, and the relative mobility being 
expressed as 1000/t. Although they are little more than qualitative, they indicate that 


Influence of aluminium sulphate on the cataphoretic mobility of an emulsion 
stabilised by alumina. 
Al,(SO,)y HBP ccrscnsonsenses 0 2 4 6 8 
soccececcesece 20-9 23-1 17-6 16-5 21-8 
1o00/e Sadbde duc drodcccsegecactcteccs GNU —43-3 — 56-8 — 60-6 — 45-9 
the changes brought about in the cataphoretic mobility by the addition of aluminium 
sulphate were relatively insignificant. Furthermore, it was found that the sign of charge 
of the globules remained unchanged, even at a concentration of aluminium sulphate as 
high as 10-4n. 
Comparative Stability Tests—In order to obtain an idea of the significance of the iso- 
electric point as witnessed after the addition of certain electrolytes, three samples of the 
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saponin-stabilised emulsion used in the above experiments were observed in test-tubes. 
The first sample was left untreated, to the second was added such a concentration of 
aluminium sulphate that the isoelectric point was reached, and the normality of the salt 
in the third sample was substantially higher, viz.,6 x 10°. All three samples were stable 
for many months, and all showed a tendency to creaming and clumping, the effect being 
equal in the first and the second sample, and much more marked in the third. 

For comparison, an emulsion of the same oil concentration, 4.¢., 0-091%, stabilised by 
sodium oleate, was similarly treated with aluminium sulphate, and all the oil soon separ- 
ated. Even at a concentration of aluminium sulphate as high as 5 x 10-n, no reversal 
of sign of charge had been noticeable. 

From these results certain regularities in the changes observed in the electrokinetic 
properties of stabilised emulsions on the addition of electrolytes become manifest and 
may be summarised thus: (1) Aluminium and thorium sulphates at certain concentrations 
reverse the sign of charge on the droplets of emulsions stabilised by the saponin and the 
Daxad agent, but not of emulsions prepared with either aged alumina or sodium oleate. 
(2) The effect of a given concentration of the same electrolyte on the {-potential of the 
dispersed globule is greater in emulsions prepared with the saponin than in those with 
Daxad, and smallest in the soap-stabilised emulsion. (3) There is a constant decreasing 
order of potency of equivalent amounts of the electrolytes, viz.: Al,(SO,)s > Th(SO,), > 
MgSO, and H,SO, > K,SO, > KOH. (4) The position of the anion of the electrolyte in 
the lyotropic series seems to be of little importance for its effect on the electrokinetic 
potential of emulsion globules. 

(1) Since aluminium and thorium ions are respectively ter- and quadri-valent, a casual 
inspection of the results might suggest that the Schulze—Hardy rule could be extended to 
this field of study, but the difficulty arises that the effect of the tervalent is much larger 
than that of the quadrivalent ions. Limburg (loc. cit.), who found the same effect with 
saponin emulsions, ascribed it to the action of the hydrolysis products of the salts, whereas 
Powis, Kruyt, and Freundlich believe that the change in the sign of charge on the 
droplets is caused by the cation of the added salt. In support of his view, Limburg cites 
the inconsiderable change observed in the charge on the addition of barium chloride. 
The influence of magnesium sulphate, another salt with a multivalent cation which does 
not hydrolyse in aqueous solution, was similarly observed in our work to be comparatively 
insignificant. Furthermore, Limburg found that, by adding aluminium chloride together 
with sufficient hydrochloric acid to repress its hydrolysis, the negative sign of charge on 
the droplets was left unchanged. This evidence appears irrefutable. 

It is not easy to explain the dissimilar effect of aluminium and thorium sulphates on 
emulsions prepared with the saponin and the Daxad agent on the one hand, and with 
alumina and sodium oleate on the other. The first group of emulsions must be assumed 
to be stabilised by a film which is capable of adsorbing the hydrolysis products of these 
salts. It is readily understood why this adsorption cannot take place at a sodium oleate 
film, for chemical interaction makes this impossible. Aged alumina is extremely inert in 
its behaviour towards electrolytes, but this is a less clear case. 

The experiments with saponin emulsions and aluminium sulphate show that there is no 
relation in these systems between the electrokinetic potential and stability. 

(2), (3) These phenomena can only be interpreted in terms of varying adsorption. In 
the light of the results obtained in the present investigation, any inference as to the 
relative stabilities of the emulsions could not be justified. 

(4) No conclusion should be drawn from these results as to the importance of hydration 
in emulsion stability. In the systems under examination hydration would not appear to 
be an important factor. It is impossible, however, to generalise as to the réle of lyotropic 
phenomena in the stability of oil-in-water emulsions, in view of the high dilution of the 
systems studied here. 

Hydration and Emulsion Stability —The above results make it clear that the electrical 
charge on the droplets is not a fundamental condition of emulsion stability. We are there- 
fore led to ascribe stability to the properties of the film of emulsifying agent which surrounds 
each particle. In emulsions of the oil-in-water type, these films are generally strongly 














1518 King and Wrzeszinskt : 


hydrophilic and, owing to hydration, are stable even at the isoelectric point. The influence 
of hydration in emulsions prepared with the strongly hydrophilic colloids is obvious. It 
led Fischer (‘‘ Fats and Fatty Degeneration,” 1917, 5) to formulate his theory, according to 
which emulsions are stabilised, quite generally, by the formation of a complex between the 
agent and the dispersion medium. This theory has been disproved by experiment, but the 
importance of hydration and water content has been stressed from time to time as, ¢.g., 
in the case of bituminous emulsions (Korzhuev and Gridchina, Zavod. Lab., 1939, 8, 739). 
Neither in the extremely dilute systems used for measuring cataphoretic velocities, nor in 
the moderately concentrated emulsions (i.¢., with an oil content up to 40%), were we able 
to detect any striking influence of lyotropic properties. It seemed desirable, therefore, 
to study emulsions of high internal phase concentration in which the globules are tightly 
packed and which might be expected to give a clearer idea of the part played by lyotropic 
phenomena in emulsion stability. 

A number of concentrated oil-in-water emulsions stabilised by different agents were 
therefore prepared and saturated with salts whose anions are representative of those at 
either end of the lyotropic series. The emulsions stabilised by sodium oleate contained 
90% of dispersed oil. Such a high concentration could not be attained with the other 
emulsifying agents, but it may be assumed that in all cases the globules were closely 
packed. Particulars of the emulsions are given on p. 1520, and the observed effects of fe 
salt additions are shown below. 


Influence of electrolyte addition on oil-in-water emulsions stabilised by various 
emulsifying agents. 
Salt added. 
Al,(SQ,)s- Nal. KCNS. 
(3) Much more mobile (4) Much more mobile 


(1). Breaks than (1). Breaks 
within a few mins. instantaneously 





5) Very viscous. Oil viscous, Extremely vis- ( ey (9) Relatively very 
ip Be A very On eben No oil separ- pha mobile. Breaks 
ation stable ti xX, (5); " rapidly 
10% of total oil 
separated within 24 
hours 


(10) Rather viscous. (11) Breaks instan- On Breaks instan- (13) Viscosity enor- (14) Like (13) in 
ht amount of taneously usly aus increased. § every respect 
(ay Little oil separ- ye ~~ ~ oil (17) Pronounced oil (18) yon _ ae (19) Oil separation 
ation separation negligible negligible 


* K,SO, produced about bm same i as in (1), but the oil separation was somewhat larger. 


These experiments show that, for the action of salts on concentrated oil-in-water emul- 
sions, the nature of the anion is determinative, that of the cation being unimportant. The 
effect of the anion is determined by its position in the lyotropic series. When subjected to 
the action of the various salts, those emulsions stabilised by colloidal electrolytes and 
lyophilic colloids behave in a diametrically opposite manner from those prepared with finely 
divided solids. The former are largely unaffected by the addition of sulphates (sodium 
oleate) or may be rendered even more stable (saponin); they break rapidly, however, in 
the presence of iodides and thiocyanates. The reverse is true for emulsions stabilised by 
finely divided solids such as alumina and bentonite. . In all cases, however, a rise (or fall) in 
stability is accompanied by a rise (or fall) in viscosity. From these experiments it was 
difficult to decide whether the changes in stability were due to the corresponding changes in 
viscosity or whether both were symptoms of the same, as yet undefined, cause. In order 
to elucidate this a study was made of the action of the various electrolytes used as above 
on solutions or dispersions of the emulsifying agents. 

For this purpose, separate samples of solutions (or dispersions) of the agents were 
treated in exactly the same manner as the emulsions stabilised by them. The effects 
were immediately noticeable with the soap solution, and with the saponin solution within 
24 hours. The influence of the salts on the suspensions of alumina became clear 
after about a week. The results are summarised below. 
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Influence of salts on the solutions or dispersions of the emulsifying agents 
previously employed. 
Effect of salts. 
Agent. Al,(SO,)s. Na,SQ,. Nal. KCNS. 
Sodium —, Solution not much Quite trans mt. Quite transparent. 
changed in either Volume of foam Foaming reduced 
turbidity or foam reduced 

As turbid as un- Somewhat less tur- Quite clear and 

treated solution i 





transparent 


bid transparent 
Coarsening and ten- As with Al,(SO,), Uniform distribution Sedimentation only 


dency towards of particles pre- slight after pro- 
flocculation served longed time 

Pronounced floccul- Pronounced floccul- No flocculation Little flocculation 
ation ation 


From the foregoing table it is clear that the action of any of the salts on the solution 
or dispersion of a given agent corresponds exactly to its effect on an emulsion stabilised 
by that agent. This proves that the destabilising effect of a given salt on a particular 
emulsion is the disruption of the adsorbed film of agent. 

A consideration of the changes in the particle size of the emulsifying agents, caused by 
the addition of a given salt, affords an explanation of the diametrically opposed influences 
of that salt on the stability of the solutions of hydrophilic colloids on the one hand, and 
solid dispersions on the other, and, consequently, on the respective stabilities of emulsions 
prepared with either group of agents. 

The tendency of thiocyanates and iodides, 7.¢., salts whose anions lie at the hydro- 
phobic end of the Hofmeister series, is to decrease the size of the sol particles (peptisation). 
Their influence on solid agents, like alumina and bentonite, is, therefore, beneficial, since 
the average particle size is relatively large even in the finest suspensions obtainable. 
Owing to its increased surface, a given quantity of agent will then be able to protect a 
larger amount of oil. Salts with highly hydrophilic anions, ¢.g., sulphates, tend, by con- 
trast, to increase the size of the sol particles (flocculation). Accordingly, they decrease 
the stability of suspensions and of emulsions prepared with solid agents. 

The particle size in colloidal solutions is of a much lower order. Their stability and that 
of emulsions prepared with them is, therefore, inappreciably affected by the flocculating 
action of sulphates. The effect of thiocyanates and iodides, however, is to reduce the 
particle size of these colloids, which now approach the range of molecular size and lose their 
efficiency as emulsifying agents. 

The hypothesis that there is a lower as well as an upper limit of particle size for the 
efficiency of emulsifying agents was tentatively advanced by Bechhold, Dede, and Reiner 
(Kolloid-Z., 1921, 28, 6) to explain the variations observed in the emulsifying properties of 
clays of different grain size. The above explanation links up the réle of particle size and 
emulsifying efficiency with the influence of salts on the stability of colloidal systems, 
including stabilised emulsions. 

From this it becomes apparent that the changes in viscosity, which accompany parallel 
changes in emulsion stability, are themselves secondary, not primary phenomena, The 
fundamental cause is the variation in the particle size. 

General Discussion.—The results of the present research, together with those of other 
recent workers, all point to the strength of the adsorbed interfacial film as the chief factor 
favouring emulsion stability. Indeed—and this is demonstrated by those of the present 
studies which deal with highly concentrated emulsions—there is nothing to differentiate 
between the stability of the film and of the emulsion. The conclusions reached by 
Schulman and Cockbain (loc. cit.) point in the same direction. Other influences, however, 
also play a part, although it may be a subsidiary one; ¢.g., the stabilising effect of high 
viscosity must be recognised as functioning by the retardation of coalescence of the 
individual droplets, but it has never been observed to be the main source of stability, and its 
function, like that of other secondary factors, is conditioned by the existence and nature 
of a protective film. 

It should be realised that the systems whose behaviour under the action of electrolytes 
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was studied were those in which no chemical interaction between agent and electrolyte took 
place. Whenever this occurs, the emulsion is rendered unstable immediately, irrespective 
of the agent concentration. As to the other (not chemical) influences of electrolytes on 
emulsion stability, these become important only when the concentration of emulsifying 
agent is too low for the formation of a condensed unimolecular film. With a sufficiently 
high concentration of agent, on the other hand, the electrical behaviour of an emulsion will 
bear a comparatively insignificant relation to its stability. 

No less important than the concentration of emulsifying agent is that of internal phase. 
With emulsions containing low and medium concentrations of dispersed oil, electrolytes 
have little destructive influence, but concentrated emulsions, as we have seen, may be 
stabilised or broken according to the position in the lyotropic series of the ion of the added 
electrolyte and the degree of dispersion of the emulsifying agent. The physical and 
chemical nature of the internal phase liquid also helps to determine both ease of formation 
and stability of erhulsions; work on this topic will be reported later. 

In general, we may conclude that, besides the main source of stability, viz., a coherent 
protective film, several other factors influence emulsion stability, their relative importance 
depending on the conditions under which the emulsion was prepared. 


EXPERIMENTAL. 


Preparation of Emulsions.—The emulsions were prepared by shaking the requisite amount 
of the oil phase with the aqueous medium in which the appropriate amount of agent had been 
dissolved. For the more concentrated emulsions, the oil was added in stages. The resulting 
emulsion was subsequently homogenised three times by means of a domestic cream machine. 
Emulsions for use in cataphoretic experiments were obtained by dispersing 10 g. of the mixture 
(d = 1) of kerosene and carbon tetrachloride in 100 g. of distilled water, containing 0-100 g. 
of the agent, in the manner described above, homogenising it three times, and diluting the 
resulting emulsion 100-fold. Such emulsions could be kept for several weeks without any 
alteration in the cataphoretic mobility being noticeable. 

When the influence of electrolytes on the stability and other properties of the emulsion 
had to be studied, the electrolyte (in aqueous solution) was added to and shaken with the 
emulsion. In the electrokinetic experiments, measurements were taken 1—2 mins. after 
the electrolyte had been added. 

Concentrated emulsions. The emulsion stabilised by sodium oleate contained 0°76% 
(calculated on the mass of disperse phase) of emulsifying agent and 90% of the oil phase; 
the saponin emulsion contained 83% of oil and 1% of a saponin; 1°8% of aged alumina 
stabilised an emulsion containing 75% of oil, and with 2°0% of bentonite 60% of oil was 
emulsified. With larger amounts of oil, the bentonite emulsions tended to suffer phase 
inversion. Separate samples of all these emulsions were saturated with anhydrous sodium 
sulphate, potassium sulphate, sodium iodide, and potassium thiocyanate severally. The 
results are in the table on p. 1518. 

Measurement of Cataphoretic Velocity—Method. ‘The main choice lies between microscopic 
and macroscopic methods. For our purposes there was little to choose between the two methods. 
Limburg’s chief objections (loc. cit.) against microscopic methods were (a) the disturbing effect of 
electro-osmosis, (b) the difficulties in controlling temperature. He therefore used a macroscopic 
method, a modified moving-boundary method, with thermostatic control. Mooney (J. Physical 
Chem., 1931, 85, 331) found the microscopic method satisfactory for measuring the cataphoretic 
velocity of oil drops in water; like Limburg, he used thin-walled cylindrical glass U-tubes as 
cells, and, without temperature regulation, was still able to restrict.the mean error to 1%. 
Bondy (Trans. Faraday Soc., 1939, 35, 1093) similarly used a microscopic method in studying 
the cataphoresis of rubber latex. This type of method is convenient because, in a com- 
paratively small apparatus, a large number of readings can be quickly taken with considerable 
precision. Bennister and King (J., 1938, 991) also used a microscopic method for investig- 
ating electrokinetic properties of activated charcoal, and we used this method with some 
modifications. 

Apparatus. The cell, constructed entirely of Pyrex glass tubing (Bennister and King, /oc. 
cit.), was carefully cleaned and steamed out between subsequent sets of measurements; steaming 
was necessary to expel any traces of electrolytes adsorbed on the glass. The cell was clipped to 
a wooden block which, in turn, was securely fixed to the microscope stage. 
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The dispersed oil droplets in the cataphoresis tube were illuminated by means of an intense 
low-voltage (6 v.) microscope lamp. The light was collected by a medium-power microscope 
objective and focused inside the tube directly below the microscope. The microscope objective 
was fixed to a movable metal arm attached to a Vernier scale. With such an arrangement 
cataphoretic velocities could be observed at any desired depth in the tube. 

The eyepiece of the microscope was fitted with two parallel cross wires. The time taken 
by individual globules to travel from one wire to the other was measured. The current, 110 v., 
D.C., was then reversed, and the observations repeated in the opposite direction. Brownian 
movement was hardly ever observed, and by taking ten readings in each direction, a satisfactory 
mean value was obtainable. 

The theoretical difficulties in finding that level in the cataphoresis tube at which the end- 
osmotic flow is zero and where, therefore, the true cataphoretic velocity of the globules can be 
observed, have been discussed by Bennister and King (loc. cit.). For the present studies, it 
was considered that the only way was to determine the required height as closely as possible 
by experiment. This was done, and even if this height was not exactly reached, certainly a 
near approach was made that sufficed for comparative measurements. 
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283. The Mobility of Groups in Certain Benzonitriles. 
By C. W. N. Hotmes and J. D. Loupon. 


In a series of seven op-disubstituted benzonitriles it is shown that a chloro- or nitro- 
substituent is replaced in reactions with piperidine and with the sodium salt of thio- 
p-cresol. The topic is related to some general considerations on cationoid nuclear 
reactivity. 


A HIGH degree of mobility in a potential anion attached to a benzene ring is associated in 
the great majority of cases with the presence of an o- or p-nitro-group (op-orienting towards 
anionoid reagents). It is well known, however, that other cationoid groups are individually 
capable of producing a similar, though much less powerful, effect and that combinations 
of cationoid groups sometimes produce, at centres where their orienting influences are 
cumulative, a degree of mobility comparable with that which results from the concerted 
action of nitro-groups. The significance of the latter fact is clarified by the pronounced 
mobility of nitro- and chloro-substituents in 2 : 4- and in 4 : 2-chloronitrodiphenylsulphones 
(Loudon and Robson, J., 1937, 242), where the orienting influences of the cationoid groups 
(viz., NO, and SO,Ph) are not cumulative, and where again the mobility is not solely 
attributable to the effect of the sulphonyl group as measured in the less reactive chloro- 
diphenylsulphones or even in nitrodiphenylsulphones. Clearly the common factor pro- 
moting the efficiency of weak cationoid groups is the presence of electron-restraining 
substituents in the nucleus. Kenner (J., 1914, 105, 2717) includes the “‘ negative ’’ condition 
of the nucleus among factors.contributing to cationoid reactivity, but, as a practical 
aid for the study of uncatalysed reactions oriented by individual cationoid groups, its 
consequences have been neglected. The work described below illustrates the effect of the 
cyano-group operating in a suitably tempered nucleus. 

In selecting the nitriles (I), (II), and (III) for investigation we were influenced by 
several more specific considerations. First, Baudet (Rec. Trav. chim., 1924, 48, 707) has 
shown that 1-chloro-2-cyano-4-nitrobenzene approaches 1-chloro-2: 4-dinitrobenzene in rate 
of reaction with sodium methoxide; whence it may be argued that the cyano-group does 
exert a powerful influence in a suitable environment. Secondly, it may be anticipated 
that the stability of ‘the carbon linkage with the nucleus will assist the cyano-group to 
secure directive control in the systems by blocking the competitive orienting influence of 
the nitro-group. Moreover, both considerations receive some measure of support from the 
recorded replacement of the nitro-group in o- or #-nitrobenzonitrile by the action of 
sodium methoxide (Reinders and Ringer, ibid., 1899, 18, 326, 330), and from the similar 
reactions probably implicit in the formation of 2-nitro-6-alkyloxybenzonitriles from 
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m-dinitrobenzene, or of the corresponding 3-chloro-derivatives from 1-chloro-2 : 4-dinitro- 
benzene, by the action of potassium cyanide in methyl or ethyl alcohol (Van Heteren, 7bid., 
1901, 20, 107; Blanksma, ibid., 1902, 21, 424). 


CN 
Chr 


(IV.) (V.) (VII.) 


Attention was for the present confined to the reactions with two reagents, viz., piper- 
idine and the sodium salt of thio-f-cresol. It was found advantageous to employ the 
latter reagent in an aqueous medium, ¢.g., aqueous alcohol, since reduction processes 
intervened in the absence of water : Richardson (J., 1926, 522) has found a similar behaviour 
in the interaction of alcoholic potassium hydroxide and #-chloronitrobenzene. All three 
nitriles reacted very readily, a chloro- or nitro-substituent, but in no case the cyano-group, 
being replaced. The relationships between the various products are shown in the diagram : 
in several cases indications were also found of concurrent replacements not represented in 
the products isolated; e¢.g., (I) —»> (V) was indicated by the formation of chloride 
ions, but such reactions were not extensive. The thio-ethers (IV)—(VII) yielded the 
respective sulphones (VIII)—(XI) when oxidised with hydrogen peroxide in acetic acid, 
although in.one case partial hydrolysis of the nitrile occurred, the product being a mixture 


CN CN 


- © sie Gx pon 
f. S0,°C,H, 


SO,°C,H, 
of the cyano-sulphone (VIII) and the corresponding benzamide. These sulphones, which 
differ from the original nitriles in having a sulphony]l in place of a nitro-group, were employed 
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in a second set of experiments with the piperidine and the mercaptide. Here again, the 
ensuing reactions were very rapid and it is noteworthy that, in each case, the sulphonyl 
as well as the cyano-group has survived in the products obtained (diagram, p. 1522). With 
all the nitriles examined, the thiol reactions were indistinguishably rapid under the 
conditions employed, but those nitriles, viz., (VIII) and (XI), which contain no nitro- 
substituent, reacted more slowly than the others with piperidine. 

Reactions of the type under consideration are in many respects the complement of 
those occurring at nuclear anionoid centres. Both types are subject to the op-directive 
influences of appropriate substituents graded in power, but the innate behaviour of the 
benzene ring is anionoid and must supplement the effect of an anionoid substituent and 
oppose that of a cationoid group. It remains to be seen in how far an effective orientation 
by other cationoid groups can be secured by the provisions made here, but it may be noted 
that the main difference in behaviour between these nitrobenzonitriles and the nitro- 
diphenylsulphones previously studied (loc. cit., and J., 1939, 1618) arises from the mobility 
of the sulphonyl group, which in the latter compounds is itself occasionally replaced. 


EXPERIMENTAL. 


2-Chloro-4-nitroaniline was prepared by the following modification of a patent (Centralbi., 
1905, 76, I, 415). Nitric acid (18 c.c., d 1°42) was added to p-toluenesulphon-2-chloroanilide 
(60 g.) dissolved in hot acetic acid (600 c.c.) in a 3-1. flask fitted with an efficient reflux condenser. 
Even at the b. p., nitration seldom occurred, but on allowing the solution to cool quietly a 
brown patch appeared on the surface of the liquid, and the violence of the ensuing reaction 
was diminished by shaking the flask at this stage. After boiling to remove oxides of nitrogen, 
the solution was diluted to about 1 1. with hot water, and on cooling, the 4-nitro-derivative, 
m. p. 165—166°, separated. This yielded the required aniline, m. p. 105°, on hydrolysis with 
80% sulphuric acid. Further dilution of the mother-liquor from the nitration furnished a 
small quantity of p-toluenesulphon-2-chloro-4 : 6-dinitroanilide, m. p. 141° (from alcohol) (Found : 
N, 11°3. C,;H,O,N,CIS requires N, 113%). From this, 2-chloro-4 : 6-dinitroaniline, 
m. p. 157° (cf. Ulimann, Ber., 1911, 44, 3734), was obtained by hydrolysis. 

2-Chloro-4-nitrobenzonitrile (II).—The following method (cf. preparation of 2: 4-dinitro- 
benzonitrile; Storrie, J., 1937, 1746) was worked out in collaboration with Dr. Storrie. A 
diazotised solution of 2-chloro-4-nitroaniline [from the amine (6°9 g.), dissolved in acetic acid 
(40 c.c.), added to sodium nitrite (3-1 g.) in concentrated sulphuric acid (22 c.c.)] was slowly 
stirred into a cooled solution of nickelocyanide [from potassium cyanide (14 g.) in water (60 c.c.), 
added to a hot solution of nickel chloride (6°6 g.) in water (40 c.c.)] mixed with sodium carbonate 
(38 g.) in water (200 c.c.). When addition was complete (30 mins.) the temperature was slowly 
raised to 60—70° and maintained thereat for about 30 mins. After cooling, the solid product 
was filtered off, distilled in steam, and crystallised from alcohol, forming almost colourless 
needles, m. p. 81° (Found: N, 15°3. C,H,O,N,Cl requires N, 15°3%). 4-Chloro-2-nitrobenzo- 
nitrile, m. p. 97—98° (cf. Claus and Kurz, J. pr. Chem., 1888, 37, 197), was prepared similarly 
except that the steam-distillation was omitted. 

4-Chloro-2-p-tolylthiobenzonitrile (IV).—Aqueous sodium hydroxide (3.c.c.; 10% solution) 
was added gradually to a solution of 4-chloro-2-nitrobenzonitrile (1 g.) and thio-p-cresol (0°7 g.) 
in alcohol at 70°. A transient brown colour developed at each addition and was allowed to 
fade before another addition was made. The oily precipitate, which appeared towards the 
end of the reaction, solidified on cooling and was purified from alcohol, yielding thick colourless 
needles, m. p. 117° (Found: N, 5°6. C,,H, NCIS requires N, 5°6%). Chloride ions were 
present in the reaction solution, but p-tolyl disulphide was the only other organic product 
found. 

4-Chloro-2-p-toluenesulphonylbenzonitrile (VIII) was obtained when (IV) was oxidised by 
hydrogen peroxide in acetic acid at 100°. It crystallised from the reaction liquid in lustrous 
plates, m. p. 187° (Found: N, 4°9. C,,H,,O,NCIS requires N, 4°8%), and yielded 4-chloro- 
2-p-toluenesulphonylbenzoic acid, m. p. 155° (Found, after heating at 100° in a high vacuum : 
C, 54°2; H, 3°5. C,,H,,0,CIS requires C, 54:1; H, 35%), when hydrolysed with 70% sulphuric 
acid. Dilution of the oxidation mother-liquor gave a fraction distinct from (VIII) and melting 
at 196° after crystallisation from acetic acid. This was shown to be 4-chloro-2-p-toluene- 
sulphonylbenzamide (Found: N, 4°6. C,,H,,O;NCIS requires N, 45%) by its conversion 
(a) into the acid of m. p. 155° when treated in warm sulphuric acid (30%) with sodium nitrite 
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(6% aqueous solution), and (b) into the nitrile (VIII) when heated with phosphoric oxide at 
200°. 

4-Nitro-2-p-tolylthiobenzonitrile (VI) formed the main product when aqueous sodium 
hydroxide (2 c.c.; 10% solution) was slowly added to 2 : 4-dinitrobenzonitrile (1 g.) and thio- 
p-cresol (0°64 g.) dissolved in hot alcohol. The solid which separated on cooling (filtrate A) 
crystallised from alcohol (filtrate B) in fine yellow needles, m. p. 156° (Found: N, 10°6. 
C,,4H,,O,N,S requires N, 10°4%). The structure is established by the formation of the same 
compound from 2-chloro-4-nitrobenzonitrile (cf. below). Oxidation with hydrogen peroxide 
in the usual way gave 4-nitro-2-p-toluenesulphonylbenzonitrile (X) in plates, m. p. 176° (Found : 
C, 55°4; H, 3°4; N, 9°4. C,,H,,0O,N,S requires C, 55°6; H, 3°3; N, 9°3%). 

2-Nitro-4-p-tolylthiobenzonitrile (V) was obtained when the filtrates A and B (above) were 
cautiously diluted with water. After repeated crystallisation from alcohol, it formed pale 
yellow plates, m. p. 115° (Found: N, 10°5. C,,H,O,N,S requires N, 10°4%). Since con- 
siderable loss is involved in the purification of (V), 2-mitro-4-p-toluenesulphonylbenzonitrile (IX) 
was prepared by direct oxidation of the crude material obtained from the filtrates A and B. 
The oxidation product was extracted with boiling alcohol, in which the isomer (X) is much the 
more soluble, leaving the required compound. It formed colourless needles, m. p. 201°, from 
acetic acid (Found: C, 55°4; H, 3-4; N,9°4. C,H ,,O,N,S requires C, 55°6; H, 3-3; N, 9°3%). 

When the method described for (IV) was applied to 2-chloro-4-nitrobenzonitrile, the transient 
coloration suddenly gave place to a permanent bright crimson, and a red sulphur-free solid 
separated when about half the alkali had been added. The same product was rapidly formed 
when an alcoholic solution of the nitrile was treated with a mercaptide solution prepared from 
the thiol and alcoholic sodium ethoxide, and it was also obtained when the nitrile was subjected 
to Nisbet’s procedure for preparing azoxy-compounds (J., 1927, 2081). In different prepar- 
ations the colour shade of the product varied from orange to red, suggesting a mixture of 
azoxy- and azo-compounds, and one sample which crystallised from dioxan in red needles had 
m p. 221—223° (Found: C, 55°6; H, 2°1; N, 17°8. C,,H,ON,Cl, requires C, 53°0; H, 19; 
N, 17°7%. CygH,N,Cl, requires C, 55°8; H, 2°0; N, 18°6%). 

2-Chloro-4-p-tolylthiobenzonitrile (VII).—2-Chloro-4-nitrobenzonitrile (1 g.) and an excess of 
thio-p-cresol (1°1 g.), dissolved in alcohol at 40°, were slowly treated with 10% aqueous sodium 
hydroxide, the developed colour being allowed to fade between each addition. The appearance 
of a permanent crimson colour (no solid was precipitated under these conditions) when 4—4°2 c.c. 
of the alkali had been added was taken as the end-point of the reaction. The oil obtained on 
cooling was separated from the mother-liquor by decantation and became solid when shaken 
with a little alcohol. The solid crystallised from alcohol as a mixture of colourless prisms and 
fine yellow needles, which were separated by hand. The latter were identified as (VI), m. p. 
and mixed m. p. 156°, and the prisms, after further purification, gave the product (VII), m. p. 95° 
(Found: C, 64°75; H, 3°8. C,H, NCIS requires C, 64°7; H, 3°85%). 2-Chloro-4-p-toluene- 
sulphonylbenzonitrile (XI), plates m. p. 175°, was obtained by oxidising (VII) with hydrogen 
peroxide in acetic acid (Found: C, 56°6; H, 3°6. C,H, O,NCIS requires C, 56°3; H, 3°4%). 

2-p-Toluenesulphonyl-4-p-tolylthiobenzonitrile-—Sodium hydroxide (10% aqueous solution) 
was added to a boiling solution of thio-p-cresol and the sulphone (VIII) or (X) in alcoholic 
dioxan. After a few minutes’ refluxing, the solution was cooled and diluted with water, and 
the resulting solid was crystallised from alcohol; in each case it formed plates, m. p. 132°, rising 
to 136° after some weeks (Found: N, 3°9. C,,H,,O,NS, requires N, 3°7%). 

4-p-Toluenesulphonyl-2-p-tolylthiobenzoniirile was similarly prepared from the sulphones 
(IX) and (XI). It was very soluble in alcohol but crystallised from benzene-ligroin in colourless 
needles, m. p. 170° (Found: C, 66°6; H, 4°6. C,,H,,0,NS, requires C, 66°5; H, 4°5%). 

4-Chloro-2-piperidinobenzonitrile.—4-Chloro-2-nitrobenzonitrile (I) was refluxed for a few 
minutes with piperidine (3 c.c. per g.). After cooling, ether was added, and the solid (A) was 
filtered off and washed with ether. The ethereal filtrate and washings were concentrated, excess 
of piperidine removed by shaking with water, and the residue crystallised first from ligroin and 
then from alcohol: The product was obtained in pale yellow plates, m. p. 77° (Found : N, 12:8. 
C,2H,,N,Cl requires N, 12°8%). 

2-Nitro-4-piperidinobenzonitrile.—(a) The solid (A) was freed from piperidine salts by washing 
with water and then crystallised several times from alcohol, yielding red needles, m. p. 143° 
(Found: N, 18°25. C,,.H,,0,N, requires N, 18°2%). (b) 2: 4-Dinitrobenzonitrile was heated 
as above with piperidine; the gum which was precipitated by addition of water solidified when 
shaken with dilute hydrochloric acid. Crystallisation from alcohol gave the red needles, m. p. 
and mixed m. p. 143°, but subsequent fractions could not be obtained crystalline. 
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4-Nitro-2-piperidinobenzonitrile.—2-Chloro-4-nitrobenzonitrile was heated for a few minutes 
with piperidine, and the tar which resulted from addition of water was extracted with con- 
centrated hydrochloric acid. Dilution of the extract with water gave the crude product, which, 
after several crystallisations from alcohol, separated in bright yellow plates, m. p. 107° (Found : 
N, 18°15. C,,H,,;0,N, requires N, 18°2%). Nitrite as well as chloride ions were detected in 
the reaction mixture. 

2-p-Toluenesulphonyl-4-piperidinobenzonitrile.—The sulphones (X) and (VIII) were refluxed 
with piperidine for 3 and for 30 mins. respectively. In each case the product obtained on cooling 
and addition of water crystallised from alcohol in plates, m. p. and mixed m. p. 198° (Found : 
N, 8°4. Cy 9H, ,O,N,S requires N, 8°2%). 

4-p-Toluenesulphonyl-2-piperidinobenzonitrile was similarly prepared from the sulphones 
(IX) and (XI) and formed colourless needles, m. p. 150°, from alcohol (Found: N, 8'4. 
C,,H.,.0,N,S requires N, 8°4%). 
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284. The Reactions of 2: 6-Dichloro- and 2: 4: 6-Trihalogeno- 
nitrobenzenes with a Mercaptide Reagent. 
By James D. Loupon. 


Complete replacement of halogen by #-tolylthio-groups results from the inter- 
action of 2: 6-dichloro-, 2:4: 6-trichloro-, or 2:4: 6-tribromo-nitrobenzene and 
salts of thio-p-cresol. Intermediate products have been isolated and identified, but 
the reactions present some unusual features, particularly in regard to the extent to 
which the two stages of the double replacement compete with each other at the 
2 : 6-centres. 


ALTHOUGH substitution of hydrogen at several nuclear centres in rapid succession is not 
uncommon among the anionoid reactions of benzene derivatives, yet replacement of poten- 
tial anions at the cationoid centres of a nitrobenzene system is seldom so extensive. The 
cationoid driving force in the latter case seems to be more readily exhausted, so that, even 
where several replacements can be effected, the individual stages of the reaction do not 
generally compete with each other. It was therefore unexpected when, by the interaction 
of molecular proportions of alkaline thio-f-cresol and 2 : 6-dichloronitrobenzene (I), a 
considerable quantity of the latter compound was recovered and the product of the re- 
action under all the conditions employed consisted of a mixture of the monothio-ether (II) 
and the dithio-ether (III). The result is all the more surprising in that when 2 : 6-dichloro- 
nitrobenzene reacts with sodium methoxide, diethylamine (Holleman, de Mooy, and ter 
Weel, Rec. Trav. chim., 1915, 35, 1), piperidine (experimental), and ethanolamine (Kremer 
and Bendich, J. Amer. Chem. Soc., 1939, 61, 2658) only one chlorine atom is replaced. 


NO, NO, 
iS dae ala OP int 


(II.) (III.) 


A similar contrast was found in the reactions of 2 : 4 : 6-trichloro- and 2 : 4 : 6-tribromo- . 
nitrobenzene. Here again one chlorine atom is replaced in reaction with sodium alkyloxide 
(Bentley, Amer. Chem. ]., 1892, 14, 363; Holleman and Haeften, Rec. Trav. chim., 1921, 
40, 67) or piperidine (experimental), but with ammonia in large excess and at high tempera- 
tures the 2: 6-diamines are formed (Beilstein and Kurbatow, Amnalen, 1878, 192, 233; 
KGrner, Gazzetta, 1874, 4, 422), conditions for obtaining monoamines not having been found 
(Holleman and Haeften, Joc. cit.). In reaction with the mercaptide all three halogen atoms 
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were readily replaced, yielding 2 : 4 : 6-tri-p-tolylthionitrobenzene (VII). In each series 
also a mono- and a di-f-tolylthio-ether were isolated, forming together the product when 
1 mol. of mercaptide was used; the dithio-ether was the chief product, accompanied by 
(VII), when 2 mols. were used. The orientation of these intermediates was established in 
the chloro-series by conversion of (V) into (VI) and by formation of the latter from 3 : 5- 
dichloro-4-nitroacetanilide (VIII) in the manner indicated. The monothio-ether inter- 
mediate between (VIII) and (IX) was not isolated, though it probably accompanied (IX) 
as part-product of the reaction between (VIII) and 1 mol. of mercaptide. On the other 
hand, the isomeric acetanilide (X) reacted in two distinct stages yielding a monothio-ether 
—assumed to be (XI)—and a dithio-ether (XII) according to the proportions used. From 
(XII) 2-chloro-4 : 6-di-p-tolylthionttrobenzene, isomeric with (VI) and not found in the pro- 
ducts from (IV), was obtained by hydrolysis and subsequent application of the Sandmeyer 
reaction. Competition between the reaction stages appears, therefore, to be more pro- 
nounced when the halogen occupies the 2 : 6- rather than the 2: 4-positions with respect 
to the nitro-group. 


NO, NO, NO, NO 
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The reason for the exceptional behaviour of the mercaptide reagent is not clear. 
Piperidine also is a very reactive agent, so that mercaptide reactivity alone does not seem 
adequately to explain the results obtained. On the other hand, the effect to be attributed 
to the introduced thioaryl group requires further investigation, and discussion is postponed, 
but it is noteworthy that Fries and Ochwatt (Ber., 1923, 56, 1291) have reported a somewhat 
similar case of mercaptide reactivity in the reactions of chlorinated benzo- and naphtha- 
quinones where, in contrast to the usual restricted or step-wise replacement of chlorine, 
thiol reagents effect complete replacement and intermediate compounds are isolable only 
with difficulty, if at all. 

EXPERIMENTAL. 


2-Chloro-6-piperidinonitrobenzene.—2 : 6-Dichloronitrobenzene was refluxed in an excess of 
piperidine for 30 mins. The oil obtained on pouring into water slowly solidified and was 
crystallised from alcohol, m. p. 63° (Found: N, 11-5. C,,H,;0,N,Cl requires N, 11-6%). 

2-Chloro-6-p-tolylthionitrobenzene (II).—Molecular proportions of 2 : 6-dichloronitrobenzene, 
thio-p-cresol, and ‘sodium hydroxide were dissolved in aqueous alcohol and kept at room 
temperature for 3 weeks. The mixture of (III) (see below) and sodium chloride which separated 
was filtered off, and the filtrate was distilled in steam to remove unchanged dichloronitrobenzene. 
The non-volatile oil was extracted with benzene and, after evaporation of the solvent, yielded 
a solid (A) consisting of p-tolyl disulphide and the required thio-ether. The latter was obtained 
pure after several crystallisations from alcohol, and formed yellow prisms, m. p. 82—83° (Found : 
N, 5:1. C,3H,O,NCIS requires N, 50%). The corresponding sulphone, m. p. 151° (Found : 
N, 4:4. Cy3H,,O,NCIS requires N, 4-5%), was conveniently prepared by oxidising the crude 
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solid (A) with hydrogen peroxide in acetic acid at 100°, followed by crystallisation of the product 
from dilute acetic acid. 

2 : 6-Di-p-tolylthionitrobenzene (III), yellow needles or plates, m. p. 168—169°, from acetic 
acid (Found: N, 3-8. C,9.H,,O,NS, requires N, 3-8%), was produced from the mercaptide and 
2 : 6-dichloronitrobenzene even when the latter was employed in excess. It was best obtained 
when the reagents in the requisite proportion were refluxed in alcoholic solution, and it was 
oxidised in the usual manner to 2: 6-di-p-toluenesulphonylnitrobenzene, m. p. 196° (Found: 
N, 3-4. Cy9H,,O,NS, requires N, 3-25%). 

Mononitration of s-trichloro- or -tribromo-benzene requires careful control of the strength 
of nitrating agent employed and the literature references are not trustworthy. The following 
procedure gave good results: s-Trichlorobenzene (10 g.) was added to a mixture of fuming 
nitric acid (d 1-5; 32 c.c.) and concentrated nitric acid (d 1-42; 10—12 c.c.), and the whole 
heated at 100° for 40 mins. before being poured into water. After crystallisation from alcohol, 
2:4: 6-trichloronitrobenzene had m. p. 71° (lit., 69°). s-Tribromobenzene (17 g.) was nitrated 
similarly, but with only 15—20 mins.’ heating. 

2 : 4-Dibromo-6-piperidinonitrobenzene, m. p. 167°, was obtained by refluxing s-tribromo- 
nitrobenzene in piperidine and pouring the product into water (Found: N, 7-7. C,,H,,0,N,Br, 
requires N, 7-7%). The corresponding dichloro-compound was obtained as an oil which could 
not be crystallised. 

2:4: 6-Tri-p-tolylthionitrobenzene (VII).—s-Trichloronitrobenzene (1 mol.), thio-p-cresol 
(3 mols.) and sodium hydroxide (3 mols.) were heated for 10 mins. in alcoholic solution. The 
semi-solid precipitate which formed was washed with water and extracted with a moderate 
quantity of hot acetic acid, leaving a sparingly soluble residue of di-p-tolylthio-ether (VI). 
The extract on cooling deposited the required thio-ether (VII), which, after further purification 
from the same solvent, was obtained in long yellow needles, m. p. 142° (Found: C, 66-4; 
H, 4-5. C,,;H,,;0,NS, requires C, 66-1; H, 4:7%). Similar results were obtained with s-tri- 
bromonitrobenzene, and the addition of dioxan or longer heating assisted in carrying the 
reaction to completion. The corresponding tvisulphone had m. p. 230° (from acetic acid) 
(Found: C, 55-2; H, 3-7. C,,H,s0,NS, requires C, 55-3, H, 3-9%), and when heated with 
piperidine gave 1-piperidino-2 : 4 : 6-tri-p-toluenesulphonylbenzene, m. p. 188° (Found: C, 61-8; 
H, 5-5. Cy 3,H;3;0,NS, requires C, 61-6; H, 5-3%), the nitro-group being replaced. 

4-Chlovo-2 : 6-di-p-tolylthionitrobenzene (V1).—A cold solution of s-trichloronitrobenzene 
(1 mol.) in alcohol—dioxan was treated with an aqueous alcoholic solution of the thiol and 
sodium hydroxide (2 mols.). The resulting clear solution slowly deposited the crude product, 
which was collected after 12 hours and crystallised from hot acetic acid, in which it was sparingly 
soluble. (The acetic acid mother-liquor retained some trithio-ether which had also been formed.) 
The compound had m. p. 206—207° with softening at 200° (Found: C, 59-9; H, 3-9. 
Cy5H,,O,NCIS, requires C, 59-8; H, 4-0%) ; it was oxidised to 4-chloro-2 : 6-di-p-toluenesulphonyl- 
nitrobenzene, which formed colourless needles, m. p. 211° (Found: C, 51:7; H, 3-4. 
CopH,,O,NCIS, requires C, 51:5; H, 3:4%). 4-Piperidino-2 : 6-di-p-tolylthionitrobenzene, 
yellow needles, m. p. 205°, was obtained by refluxing the dithio-ether (VI) in excess of piperidine 
for 3 hours (Found: N, 6-3. C,;H,,O,N,S, requires N, 6-2%). 

2 : 4-Dichloro-6-p-tolylthionitrobenzene (V).—With molecular proportions of s-trichloro- 
nitrqabenzene and mercaptide in alcohol, a precipitate of (VI) was again formed and, after 12 
hours, it was filtered off and the filtrate distilled in steam. The non-volatile oily residue was 
dissolved in the minimum quantity of alcohol; it crystallised after several days. After further 
purification from alcohol it formed yellow needles, m. p. 97° (Found: C, 49-7; H, 2-9. 
C,;H,O,NCI,S requires C, 50-0; H, 2-9%), and yielded (VI), m. p. and mixed m. p. 205°, when 
further treated with the mercaptide (1 mol.) in alcohol. 2 : 4-Dichloro-6-p-toluenesulphonyl- 
nitvobenzene had m. p. 171° (Found: C, 45-5; H, 2-8. C,;H,O,NCI,S requires C, 45-1; 
H, 2-6%). 

The following compounds were prepared from s-tribromonitrobenzene by corresponding 
methods: 4-Bromo-2 : 6-di-p-tolylthionitrobenzene, m. p. 210° (Found: C, 53-8; H, 3-8. 
Cy9H,,O,NBrS, requires C, 53-8; H, 3-6%); 4-bromo-2 : 6-di-p-toluenesulphonylnitrobenzene, 
m. p. 223° (Found: C, 47-3; H, 3-15. C,.9H,,O,NBrS, requires C, 47-1; H, 3-1%); 2:4- 
dibromo-6-p-tolylthionitrobenzene, m. p. 132° (Found: C, 39-1; H, 2-2. C,,H,O,NBr,S requires 
C, 38-7; H, 2:2%); and 2: 4-dibromo-6-p-toluenesulphonylnitrobenzene, m. p. 182° (Found: 
C, 35-7; H, 2-2. C,;H,O,NBr,S requires C, 35-9; H, 2-1%). 

4-Nitvo-3 : 5-di-(p-tolylthio)acetanilide (IX).—An alcoholic solution of 3: 5-dichloro-4- 
nitroacetanilide (1-1 g.), thio-p-cresol (1-1 g.), and sodium hydroxide (0-35 g.) was refluxed 
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for 20 mins. The resulting solid was filtered off, washed with water, and crystallised from 
boiling acetic acid, forming yellow needles, m. p. 261° (Found: C, 62-2; H, 4-5. C,,H,.O,N,S, 
requires C, 62-3; H, 4:7%). It was comparatively insoluble in the usual solvents, gave an 
intense blue coloration with concentrated sulphuric acid, but was hydrolysed smoothly when its 
suspension in dilute sulphuric-acetic acid was refluxed. 4-Nitro-3 : 5-di-(p-tolylthio)aniline 
had m. p. 270° (from acetic acid) (Found: C, 62-5; H, 4:8. Cy9H,,0,.N,S, requires C, 62-8; 
H, 4:7%) and was converted by the Hodgson—Walker procedure (J., 1933, 1620) into (VI), 
m. p. and mixed m. p. 205°. 

5-Chloro-2-nitvo-3-(p-tolylthio)acetanilide (XI).—An alcoholic solution of thio-p-cresol, 
sodium hydroxide, and 3 : 5-dichloro-2-nitroacetanilide (mol. proportions) was kept at room 
temperature for 24 hours. After some precipitated dithio-ether (XII) had been separated, the 
filtrate was diluted with water, and the resulting solid was crystallised several times from alcohol— 
acetic acid, yielding soft, pale yellow needles, m. p. 166—167° (Found: N, 8-5. C,,;H,;0,N,CIS 
requires N, 8-3%). It gave 5-chloro-2-nitvo-3-(p-tolylthio)aniline, m. p. 110—111°, on hydrolysis 
(Found: C, 53-3; H, 3-5. C,3H,,O,N,CIS requires C, 53-0; H, 3-7%). 

2-Nitvo-3 : 5-di-(p-tolylthio)acetanilide (XII).—An aqueous-alcoholic solution of thio-p-cresol 
(5 g.) and sodium hydroxide (1-6 g.) was added gradually to a hot solution of 3 : 5-dichloro-2- 
nitroacetanilide (5 g.) in alcohol. The precipitated solid, after being washed with water, 
crystallised from alcohol in yellow plates, m. p. 188° (Found: C, 62-5; H, 4-5. C.,3H..O,N,S, 
requires C, 62:3; H, 47%). On hydrolysis it yielded 2-nitvo-3 : 5-di-(p-tolylthio)aniline, 
orange needles or plates, m. p. 117° (Found: C, 62-7; H, 4:7. Cyg9H,,0,N,S, requires C, 62-8; 
H, 4:7%). 

2-Chlovo-4 : 6-di-(p-tolylthio)nitrobenzene was obtained from the above aniline by Hodgson 
and Walker’s procedure (loc. cit.). It formed plates, m. p. 104°, from acetic acid (Found : 
C, 59°75; H, 4:2. Cy 9H,,O,NCIS, requires C, 59-8; H, 4-0%) and yielded (i) the corresponding 
bis-sulphone, m. p. 174° (Found: C, 51-5; H, 3-3. CggH,,O,NCIS, requires C, 51-5; H, 3-4%), 
on oxidation; (ii) 2-piperidino-4 : 6-di-(p-tolylthio)nitrobenzene, orange needles, m. p. 135° 
(Found: N, 6-2. C,;H,,0,N,S, requires N, 6-2%), when heated (2 hours) with piperidine ; 
and (iii) the trithio-ether (VII) when treated with thio-p-cresol and sodium hydroxide in alcohol. 

Piperidine Salt of Thio-p-cresol.—The salt was precipitated when its components were mixed 
in dioxan and was crystallised from alcohol. It was quite stable, was soluble in hydroxylated 
solvents, and gave the same replacement reactions as the sodium salt (Found: N, 6-5. 
C,,H,,NS requires N, 6-7%). 


The author acknowledges his indebtedness to The Carnegie Trustees for the tenure of a 
Teaching Fellowship, to the Chemical Society for a Research Grant, and to Mr. J. M. L. 
Cameron, by whom the compounds were micro-analysed. 
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285. Physical Properties and Chemical Constitution. Part VI. 
Some Saturated and Unsaturated Cyano-esters. 


By Davip M. Cowan and ArTHuR I. VOGEL. . 


The refractive indices for the C, D, F, and G’ lines at 20°0°, and the surface 
tensions and densities over a range of temperature, have been determined for the 
following compounds: ethyl cyanoacetate, ethyl a-cyano-$$-dimethylpropionate, 
cyano-esters of the general formula CR,R,:C(CN)-CO,Et and CHR,R,°CH(CN)-CO,Et, 
where R,R, = Me,Et, Et,Et, Me,Pr*, Et,Pr*, and Pr*,Pr*. The molecular refractiv- 
ities and parachors have been evaluated. 


THE results now obtained are summarised in Table I; the calculated values of the 
parachor, P, based on Sugden’s constants (J., 1924, 125, 1180),* and of the molecular 
refractivities (Eisenlohr, Z. physikal. Chem., 1910, 75, 585; 1912, 79, 129) are also included. 
It will be noted that (i) for most substances the observed parachor values are less than 
those calculated—the differences being far in excess of the experimental error of the 

* Sugden’s more recent values (see Mann and Purdie, J., 1935, 1549) are not sufficiently complete 
to permit the calculation of the parachors of the cyano-esters. 
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TABLE I. 
P. [Rz)o. [Rz)p. [Ri)r- [Rile- 


CR,R;: a Obs. Calc. Obs. Calc. Obs. Calc. Obs. Calc. Obs. Calc. obs. 
R,R, = Me,Et .........40 ‘0 407-8 45°73 44-41 46-03 44-65 46-80 45-19 47-44 45-65 245-40 
ME TEER coccseeseees 4 446-8 50°30 49-01 50-79 49-27 51-46 49-86 52-13 50-36 265-85 

Se BEDE soc ccc ccc cee ‘2 446-8 50-59 49-01 50-92 49-27 51-77 49-86 52-45 50-36 266-10 

am Et, Pre’... ccccscee ‘7 485-8 55°25 53-61 55-61 53-89 56-51 54-53 57-26 55-07 286-72 

== Pr@,Pr¢... eee “6 6524-8 59-99 58-21 60-19 58-50 61-34 59-20 62-15 59-78 307-16 
aii adie'e Cott. 
erreren 379-8 40-48 40-31 40-67 "50 41-09 40-93 41-42 41-30 220-77 

418-8 44-90 44-91 45-10 45-12 45-58 45-60 45-92 46-01 241-65 
457-8 49-40 49-51 49-62 \ 50-15 50-27 50-52 50-72 262-69 
457-8 49-63 49-51 49-86 49- 50°37 50-27 50-76 50-72 262-41 
496-8 54-07 54-11 54-29 54- 54-87 54-94 55-28 55-43 283-32 
evesbecsedes 535-8 58-98 58-71 59-42 } 59-90 59-60 60-39 60-14 304-25 
CH,(CN)-CO,Et sen decctivaca -4 262-8 26-63 26-52 26-74 26- 27-03 26-93 27-24 27-17 160-35 


determinations, and (ii) the molecular refractivities exhibit an exaltation for the un- 
saturated cyano-esters—this is probably due to the presence of the conjugated system 
>C—C—CEN. 

The various differences are shown in Table II. No comment is now made upon them 
except that attention is directed to the parachor differences, which are less than the 
accepted value of 39—40 units. 


TABLE II. 


CR,R,:C(CN)-CO,Et. AP. A[Rilc A[Ri]p. A[Rie. Al[Rzle- 
R,R, = Me,Et 


= Et,Et 

= Et,Pre 

= nema 
R,R, = Me,Et \ 


37-4 4-57 4-76 4-66 4-69 
37-3 4-95 4-82 5-05 5-13 
38-9 4-74 4-58 4-83 4-89 


Me Pre 38-2 4-86 4°89 4-97 5-01 
= ce, 
} 36-5 4-66 4-69 4-74 4-81 
= Et,Pre 
CHR,R,CH(CN)-CO,Et. 
R,R, = Me,Me } 
= Me,Et 
= Et,Et 
= Et,Pre 
= Pre,Pre 
R,R, = Me,Me 
= Me,Et } 
= Me,Pre 
= Et,Pre 


4-42 4-43 
} ; 4-50 4-52 
} , 4-67 4-67 
} 4-91 5-13 


4-42 4-43 
4-73 4-76 
\ 4-44 4-43 


EXPERIMENTAL. 


Preparation of Unsaturated Cyano-esters, CR,R,:C(CN)-CO,Et.—Most of these were pre- 
pared by the condensation of the appropriate ketone with ethyl cyanoacetate in the presence 
of anhydrous sodium sulphate and a little piperidine at 100°. Normal pressure was employed 
for acetone and methyl ethyl ketone; for the higher ketones the reaction was carried out in 
sealed pressure bottles. The unsaturated cyano-ester was separated by repeated fractionation 
through a Pyrex Scorah flask. Full experimental details will shortly be published. 

Preparation of Saturated Cyano-esters, CHR,R,-CH(CN)-CO,Et.—These were prepared by 
the reduction of the unsaturated cyano-esters with aluminium amalgam in moist ethereal 
solution (Vogel, J., 1927, 597) and purified by fractionation under diminished préssure. 





1530 Cowan and Vogel: Physical Properties and 


Physical Measurements.—The densities, surface tensions, and refractive indices were deter- 
mined as described in earlier papers of this series (compare Part III, J., 1938, 1325). The 
surface-tension apparatus A, B, and C were employed, the constants of which, when determined 
with pure benzene, were 1°8725, 2°3449, and 2°3740 respectively. 

In the tabulated results, ¢ is the temperature, h the observed difference in height (in mm.) 
in the two arms of the U-tube, H the corrected value, di. the density (calculated from the 
observed densities by assuming a linear variation with temperature), y the surface tension 
(dynes/cm.) computed from the equation y = KHd, P the parachor, M the molecular weight, 
and Mn®® the molecular refraction coefficient. The parachor was calculated in the usual 
way. The number in parentheses following the values of gq is the temperature coefficient 
of surface tension. All the measurements of the refractive indices were carried out at 20°0° + 
0°05°. Where 20° is used, 20°0° is to be understood; mg, mp, my, etc., are to be taken as referring 
to n2°*, etc., and Rg, etc., to [Rz]Jo, etc. 

Ethyl cyanoacetate. Boots’s pure product was shaken several times with 10% sodium 
carbonate solution, washed well with water, dried (anhydrous sodium sulphate, shaking 
machine, 2 hours), and distilled from a fractionating Claisen flask. B. p. 85°/6 mm.; M = 
11312; mg 1°41540, mp) 1°41751, my 1°42263, mg, 1°42639; Ry 26°63, Rp 26°74, Ry 27°03, Rg. 
27°24; Rg» 0°61, Ryo 0°40; Mn?" 160°35. 

Densities determined : 420° 1-0648, d§??* 1-0262, d87" 0-9990, dil®* 0-9682. 
Yoo = 36-66 (0-11). Apparatus B. 
t. h. H. at. y: P. a. «& H. a*.. y- P. 


19-1° 14:95 14-71 1-0657 36-76 261-4 885° 11-75 11-51 0:9980 29-21 263-5 
61-9 13-53 13-29 1-0245 31-93 262-5 Mean 262-4 


Ethyl «-cyano-B-methyl-n-butyrate. B. p. 78°5°/4 mm.; M = 15519; mg 1°42041, mp 
1°42256, ny 1°42773, ng 1°43160; Ro 40°48, Rp 40°67, Ry 41°09, Rg 41°42; Rg. 0°94, Ryo 
0°61; Mn’ 220-77. 

Densities determined : ay 0-9710, asst 0-9307, ane 0-9109. 
Yor = 30-46 (0-09,). App. C. 


19-8 13-46 13-22 0-9712 30-48 375-5 87-3 11-49 11-25 09105 24-32 378-5 
61-6 12-28 12-04 0-9330 26-67 378-0 Mean 377-3 


Ethyl a-cyano-B-methyl-n-valerate. B. p. 98°/6mm.; M = 169°22; ug 1°42576, n, 1°42797, 
My 1°43316, ng 1°43689; Ro 44°90, Ry 45°10, Ry 45°58, Rg 45°92; Rgo 1°02, Ryo 0°68; 
Mn 241°65. 
Densities determined : 20° 0-9653, d$}1° 0-9310, d8$*" 0-9089. 
Yoo = 30-78 (0-08,). App. A. 
18-6 17-31 17-07 0-9666 30-90 412-7 86-9 14:75 14-51 0-9089 24-70 415-0 
61-5 15:82 15:58 0-9306 27-15 415-3 Mean 414-3 


Ethyl «a-cyano-B-ethyl-n-valerate. B. p. 99°/4 mm.; M = 183°25; mg 1°43127, np 1°43350, 
Ny 1°43880, mg 1°44264, Ry 49°40, Rp 49°62, Ry 50°15, Rg 50°52; Reig 1:12, Ryo 0°75; 
Mn" 262°69. 


Densities determined : an" 0-9608, ane 0-9276, ast 0-9084. 
Yao° = 30-98 (0-09,) . App. A . 
180 17-53 17-29 0-9624 31-16 449-9 85:7 14:90 14:66 0-9084 24-94 450-8 
61-1 15:86 1562 0-9279 27-14 4650-8 Mean 450-4 


Ethyl «-cyano-B-methyl-n-hexoate. B. p. 101°5°/4 mm.; M = 183°25; mg 1°42976, np 
1°43199, my 1°43722, mq 1°44103; Ry 49°63, Rp 49°86, Ry 50°37, Rg 50°76; Roo 113, Reo 
0°74; Mn 262-41. 

Densities determined : 420° 0-9534, d$!* 0-9199, d8¢5" 0-8991. 


140 17-31 17-07 0-9583 30-63 449-9 87-0 14-66 14-42 0-8986 24-26 4652-6 
623 15-61 15:37 09190 26-45 452-2 Mean 451-6 
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Ethyl a-cyano-B-ethyl-n-hexoate. B. p. 108°/5°5 mm.; M = 197°27; mo 1°43396, np 1°43620, 
my 1°44145, mg 1°44531; Ry 54°07, Rp 54°29, Ry 54°87, Rg 55°28; Ryo 1°21; Ryo 0°80; 
Mn 283°32. 


Densities determined : 42° 0-9504, dz’ 0-9185, a%7* 0-8971. 
Yoo = 30-49 (0-08,). App. A. 
t. h. H. a... y- P. t. h. H. a. y- P 


150° 17-55 17-31 0-9543 30-93 487-5 86-1° 14:97 14-73 0-8978 24-76 490-2 
61-2 16-81 15-57 0-9192 26-80 488-3 Mean 488-7 


Ethyl a-cyano-$-n-propyl-n-hexoate. B. p. 120-5°/4 mm.; M = 211°30; mg 1°43778, np 
1°43993, np 1°44569, mg 1°44994; Ry 58°98, Ry 59°42, Ry 59°90, Rg 60°39; Ryo 1°41, Reo 
0°92; Mn 304-25. 

Densities determined : 430° 0-9401, d&}® 0-9089, d8¢* 0-8900. 
Yoor = 30-06 (0-08,). App. A. 


20-4 17-30 17-06 09398 30-02 526-3 86-5 14:82 14-58 0-8900 24:30 527-1 
62-0 15°86 15:62 09086 26-58 528-0 Mean 527-1 


Ethyl a-cyano-B-methyl-B-ethylacrylate. B. p. 95°5°/3 mm.; M = 167°20; mg 1°46410, np 
1°46771, mp 1°47685, mq 1°48446; R, 45°73, Rp 46°03, Ry 46°80, Rg 47°44; Roo 1°71, Ryo 
1:07; Mn 245-40. 

Densities determined : 42° 1-0091, d%1* 0-9699, d8¢*" 0-9488. 
Yoo = 34-43 (0-10). App. A. 


16-9 18-58 18-34 1-0119 34-75 401-2 85-5 1591 15-67 0-9495 27-86 404-5 
613 16-76 16-52 0-9706 30-02 403-2 Mean 403-0 


Ethyl «-cyano-B8-diethylacrylate. B. p. 96°5°/3 mm.; M = 181°23; m, 1°46343, n, 1°46692, 
Ny 1°47594, Ny 1°48327; Ro 50°30, Rp 50°79, Ry 51°46, Re §2°13; Re-o 1°83, Ryo 1°16; 
Mn 265°85. 
Densities determined : 420° 0-9931, 29?" 0-9561, d$¢* 0-9362. 
: Yoor = 33-53 (0-09,). App. A. 
19-1 18:30 18-06 0-9938 33-61 439-1 86-0 15-68 15-44 0-9370 27-09 441-3 
62-0 16-64 16-40 0-9571 29-39 440-9 Mean 440-4 


Ethyl a-cyano-B-methyl-8-n-propylacrylate. B. p. 100°/3 mm.; M = 181°23; mq 1°46471, 
My 1°46829, ny 1°47740, nq 1°48484; Ry 50°59, Rp 50°92, Ry 51°77, Rg 52°45; Rg 1°86, 
Ryo 1:18; Mn?” 266-10. 

Densities determined : 420° 0-9899, d$31" 0-9523, d&* 0-9335. 
Yooe = 33-21 (0-09,). App. A. 


19-3 1818 17-94 0-9905 33-27 439-4 86-3 15-72 15-48 0-9328 27-04 443: 
61-7 16-67 16-43 0-9536 29-34 441-2 Mean 441-2 


Ethyl a-cyano-$-ethyl-B-n-propylacrylate. B. p. 104°5°/3 mm.; M = 195°26; mg 1°46486, 
My 1°46839, ny 1°47732, ng 1°48468; Ry 55°25, Rp 55°61, Ry 56°51, Rg 57°26; Ryo 2°01, 
Ryo 1:26; Mn’ 286-72. 

Densities determined : 420° 0-9768, d$?*° 0-9420, d85° 0-9221. 
Yoqe = 32-46 (0-09,). App. A. 
19-7 18-00 17-76 0-9770 32-49 477-2 86-3 15:30 15:06 0-9221 26-00 478-2 
61-9 16-25 16-01 0-9424 2825 477-7 Mean 477-7 


Ethyl «-cyano-B8-di-n-propylacrylate. B. p. 116°5°/4 mm.; M = 209°28; mo 1°46422, 
Ny 1°46771, my 1°47648, nq 1°48380; Ry 59°99, Rp 60°19, Ry 61°34, Rg 62°15; Rg 2°16, 
Ryo 1°35; Mn?" 307-16. 

Densities determined : 420° 0-9630, d$?1° 0-9287, d%5*" 0-9115. 
Yo = 31-81 (0-09,). App. A. . 


187 17-83 17-69 0-9641 31-93 515-8 85-6 15-32 15-08 0-9113 25-73 517-2 
61-7 1619 15:95 0-9298 27-77 6516-7 Mean 516-6 


The authors’ thanks are tendered to Imperial Chemical Industries Ltd. and to the Chemical 
Society for grants which have largely defrayed the cost of the research. 
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286. Vanadium Ion Oxidation—Reduction Potentials. 
By -A. B. Hart and J. R. PARTINGTON. 


The electromotive forces of cells containing 4- and 5-valent vanadium ions in 
solutions of hydrochloric and sulphuric acids have been measured and the standard 
potentials calculated. The formule of the 4- and the 5-valent vanadium ions are dis- 
cussed, and it is shown that their electrochemical behaviour in acid solutions is best 
explained on the assumption that they exist as VO" and VO,", respectively. 


THE red vanadium pentoxide is more soluble in strong acids than in water, forming feebly 
coloured solutions, usually greenish-yellow, which contain 5-valent vanadium in a state 
usually described as vanadic acid and formulated as HVOs, since the simple salts formed 
with bases are MVO,. On reducing this solution with sulphur dioxide, etc., a more intensely 
coloured blue solution is obtained which contains 4-valent vanadium in a form described 
as a vanadyl salt, ¢.g., VOSO,, yielding the vanadyl ion VO". Rutter (Z. anorg. Chem., 
1907, 52, 368) showed that the electrochemical reaction between vanadic acid and vanadyl 
sulphate was reversible, and obtained a comparative value of the normal reduction potential 
of vanadic acid in 0-5N-sulphuric acid. Foerster and Béttcher (Z. phystkal. Chem., 1930, 
151, 321), in a more comprehensive investigation of the electrolytic reduction of vanadium 
solutions, suggested the electrode reaction 


VO, + 2H*°=VO"+HO+F ...... (2) 
with the following equation representing the formation of the 5-valent ion in acid solution : 
V,0, + H,SO, = (VO,)80,+H,O . .... . (2) 
which is equivalent to an amphoteric function of vanadic acid : 
HVO, + H* = VO,’ + H,O 
The cells used by Foerster and Béttcher were of the type 


(i) 3N-H,SO, kivo ‘Ip 
Hg| Hg,SO,, (a) 2N-H,SO,, (b) N-H,SO, ) 1- 5N-H,SO, 3 
0-75N-H,SO, [VO"] 


and all involved a liquid contact potential which was not allowed for. The vanadium-ion 
concentrations were kept equal, the solution being prepared by the electrolytic reduction 
of a solution of the pentoxide in sulphuric acid until half the vanadium was in the 4-valent 
state. From the initial concentration of acid, and equations (1) and (2), the acid concen- 
tration in the cell was calculated. The assumed reaction scheme leads to the following 
equation for the E.M.F. of the half-cell :* 


E=E,+¢In(VO,)(H)?/(VO") . . .. . . (3) 
and hence for two different acid concentrations : 


AE =2$in(H),/(H}, - =. - ---- @ 


if the activity ratio of the vanadium ions is unaltered by change of acid concentration. 
Values of AE were calculated on the assumption that (H’) = a, for sulphuric acid (Lewis 
and Randall, “‘ Thermodynamics,” 1923, 357). There was only approximate agreement 
between the observed and calculated values of AE, especially at the lowest vanadium con- 
centration of 0-03, but the results provide a general indication that the 5-valent vanadium 
ion exists in acid solutions mainly as VO,". 

Coryell and Yost (J. Amer. Chem. Soc., 1933, 55, 1909) measured the E.M.F. of the cell 


Pt|HVO,,VOCI,,HCI|HCI,Hg,Cl,|Hg 


* The following notation is used: (A) = activity of species A, [A] = concentration of A in mole/l.; 
fa = activity coefficient of A defined by (A) = f,[A], with the special values f, = fyo--, fy = fvog:; 
¢ = RT/F. 
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in which the liquid contact potential was practically eliminated by having the hydro- 
chloric acid concentrations on both sides very approximately equal, and the vanadium 
concentration small as compared with that of the acid. The 5-valent vanadium was now 
supposed to exist as HVO, and the cell reaction was formulated as 


HVO, + 3H’ + Cl’ + Hg = VO" +2H,O+HgCl . . . (6) 


The authors did not explain the dependence of the E.M.F. on the acid concentration, but 
for each acid concentration they calculated a standard potential 


E” = E’ — @ln[(HVO,]/[VOCL] ..... . (6) 
E’ being the observed E.M.F. It was found that E” was practically constant at a fixed 
acid concentration when the concentration ratio of the vanadium species was varied, thus 
indicating that the vanadium ions both contained the same number of vanadium atoms 


and that their activity coefficients were constant between the concentration limits used. 
A standard potential for the vanadium electrode follows from (5) : 


E,=E"—¢mn(H){Cr)) . 2 2. 2. 


To evaluate this, Coryell and Yost used activity coefficients of hydrochloric acid (Randall 
and Young, J. Amer. Chem. Soc., 1928, 50, 989), and to refer E, to the standard hydrogen 
electrode they added the potential of the electrode Hg|Hg,Cl,, (Cl’) = 1, which was taken 
as 0-2689 on the hydrogen scale. The values found were : 

Moles HCI/1000 & of HO hutinees 0-5106 0-1012 0-01012 

E,, volts .. erestoccouss. SOLES 1-0527 1-0822 1-1271 
The change of E, was attributed to the decrease in activity of the vanadic acid with rising 
acid concentration, and the solubility of vanadic acid was found to increase rapidly with 
increase in acid concentration, which would agree with this assumption. The activity co- 
efficients calculated from the solubilities were also shown to be in approximate agreement 
with the values from E.M.F. measurements when the activity coefficients of VO" and Ba™ 
were assumed to be equal at the same ionic strength. 

From electrometric titrations of solutions of vanadium pentoxide in acid solutions 
with ferrous sulphate, and from the oxidation of vanadyl salt solutions with permanganate, 
Britton (J., 1934, 1842) estimated the effect of the acid on the oxidation—reduction potential 
and the approximate calculations are held to agree with reaction (5). 

The work so far described did not completely solve the problem of the formula of the 
5-valent vanadium ion and was followed by the more systematic investigation of Carpenter 
(J. Amer. Chem. Soc., 1934, 56, 1847). In this, perchloric acid was used and the E.M.F. 
of the cell 

Pt/VO,C10,,VO(C10,).,HC1O,|/HCIO,|H,,Pt 


was measured under conditions in which the concentration either of vanadium ions or of 
acid was altered whilst the remaining concentrations were kept constant. From the results, 
the nature of the cell reaction and hence the formule of the vanadium ions could be derived. 
The single assumption made was that the vanadyl ion is V,O,**. Then if the 5-valent ion 

is written V,0,®*~**, the cell reaction is 


V,0,52- 29+ +. 5 H, + (2y — 3x)H’ = ~V,0,** +(y—2x)H,O . . (8) 
The E.M.F. of the cell, with yg, = 1 atm., could then be written : 


E = Ey +g in (V,0,%-9*)(H)%-2/(V,OR+)" . .. (8) 


If now the concentrations of any two solutions are kept constant whilst that of a third 
is varied, three relations are obtained (activities replaced by concentrations) : 


(i) E=E,+¢/x.in [Vv 
(i) E = Ea + $i. @y — 22) in (H] 
Jz .in [V7] 


(10) 
(ii) E = E, — : 
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and by plotting E against the logarithm of the variable concentration all the unknowns 
are found. The plots were approximately straight lines, the slopes of which gave x = 1-09 
from (10, i), and by assuming x = 1 it was found from (10, ii) that y = 2-08, thus indicating 
that the VY ion is VO," or possibly V(OH),°. On the assumption that the ion is VO,’, 
Carpenter showed that Coryell and Yost’s acid molalities were greater than the actual 
values owing to the reaction HVO, + H’ = VO,°+ H,O. This was corrected by the 


equation : 
E coer. = Eo. &y. + 2¢ In [H"Jo. y./(A Tact. 


and the corrected values were used to obtain Ey, the standard potential of the electrode. 
The cell reaction giving rise to the E.M.F. became in place of (5) : 


VO, + 2H’ + Cl’ ++ Hg = VO" +H,O+HgCl . .. . (II) 
and the E.M.F. was represented by an equation : 


E,=E—¢In[VO,}[H'}{Cl/[VO"]). . . . . . (12) 


in which all activity coefficients are assumed equal to unity; E, is the normal potential 
referred to the calomel electrode in hydrochloric acid, (Cl’) = 1, as zero. Extrapolation 
of (12) against the square root of the ionic strength should give a limiting value of E, 
when the activity coefficients are unity. Carpenter found this to be 0-7307 volt, or 0-9996 
volt on the hydrogen scale. 

EXPERIMENTAL. 


(1) Preparation of Materials —Vanadium pentoxide. Hydrated vanadic acid (B.D.H.) was 
converted into.ammonium metavanadate by warming it with a large volume of ammonia 
solution, filtering the solution hot, and saturating it with ammonium chloride, a white precipi- 
tate of NH,VO, being obtained. It was found that addition of excess of ammonia to an acid 
solution of the vanadium pentoxide resulted in a discoloured product. The ammonium vanadate 
was fractionally crystallised three times from water and finally from conductivity water, the 
solutions not being heated above 70°, as this caused decomposition. The final product was dried 
and converted into vanadium pentoxide by careful heating in a current of pure oxygen in a 
platinum boat in a combustion tube. The solid became uniformly black and finally dark red, 
and at this point the temperature was raised to just below the fusion point for 15 minutes. 
Fusion was avoided as it gives rise to a crystalline product almost insoluble in acids even after 
prolonged boiling. When cold, the pentoxide was light orange in colour, and analysis by Ramsey’s 
method (J. Amer. Chem. Soc., 1927, 49, 1138), and by reduction with sulphur dioxide and 
permanganate titration, gave agreement with theory if a small amount (0°5—1%) of V,O, was 
allowed for. This probably originated from contamination of the ammonium vanadate with 
small fibres of filter paper. Solutions of vanadic acid were made in the pure acid of appropriate 
concentration by boiling and filtering. 

Vanadyl solutions. The sulphate solution was made by reducing a suspension of the 
pentoxide in dilute sulphuric acid with sulphur dioxide, the excess of the latter being removed 
by boiling. A trace of residual sulphur dioxide would not affect the measurements, since on 
adding vanadic acid it would be removed. Vanadyl chloride solution was made by the method 
of Yost and Claussen (J. Amer. Chem. Soc., 1931, 53, 3349) by boiling a suspension of the pent- 
oxide in just less than the theoretical amount of pure dilute hydrochloric acid and reducing 
it with hydrogen sulphide gas, filtering off the sulphur after adding sufficient acid to dissolve 
the black precipitate of V,O,, and removing the excess of hydrogen sulphide by boiling and 
filtering. 

The concentration of the vanadic acid solution was determined by reducing it with sulphur 
dioxide, expelling the excess of the latter with a current of carbon dioxide, boiling, and finally 
titrating with permanganate. The method used was that recommended by Cain and Hostetter 
(J. Amer. Chem. Soc., 1912, 34, 274), viz., reduction in solutions dilute with respect to vanadium 
and with sulphuric acid present to about 2n-concentration. The presence of hydrochloric acid 
did not affect the end-point. 

Mercurous sulphate was prepared electrolytically by Hulett’s method (Physical Rev., 1911, 
82, 257) and was kept and used as described by Partington and Stonehill (Trans. Faraday Soc., 
1935, 31, 1357). The product was slightly grey owing to finely divided mercury, but much 
less so than the calomel. Mercurous chloride was also prepared by the usual electrolytic 
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method (Ellis, J. Amer. Chem. Soc., 1916, 38, 737). The uniformly grey product was washed 
with water, dried at 100°, and kept in a calcium chloride desiccator in the dark. Before use 
it was allowed to stand in some of the appropriate acid. 

The hydrochloric and sulphuric acid stock solutions were analysed both volumetrically and 
gravimetrically by the usual methods. 

The mixed stock solutions for the cells were made by mixing the required volumes of vanadyl 
and vanadic solutions so as to give the 4- and the 5-valent ions in equivalent amounts. 
Allowance was made for a trace of V,O, in the latter solution, especially in the case of hydro- 
chloric acid solutions, where some reduction had occurred on boiling. The mixed solution was 
then completely analysed. The vanadyl salt was titrated and the total vanadium determined 
by sulphur dioxide reduction and titration, the 5-valent vanadium being determined by difference. 
The acid was determined gravimetrically, hydrochloric by precipitation of silver chloride and 
sulphuric by precipitation of the total sulphate as barium sulphate. The free acid present 
could then be calculated by allowing for the acid radical present as vanadium salts. The cell 
solutions were made by diluting with conductivity water. 

(2) Apparatus and Experimental Method.—The cells used, shown in the figure, were of Pyrex 
glass. The right-hand side was the vanadium electrode. Solution was added to compartment 
A with the tap T, closed. The tap was then opened and the liquid allowed to run as far as 
the top of the ground glass plug B fitting into a 
ground socket. When the vessel was filled with 
vanadium solution as far as the plug, sulphuric 
acid was added to the other side through C. The 
two electrodes were then inserted into A, sealed 
in with paraffin wax, and the trap D closed with 
mercury or by pouring in a little melted paraffin 
wax. The reference electrode vessel was con- 
structed with an acid reservoir X connected with 
the side tube by a three-way tap Y. This enabled 
the side tube to be freed from air bubbles, and 
acid to be added to the compartment above the 
plug. No attempt was made to exclude air, since 
it was found by special experiments, in agreement 
with Carpenter (Joc. cit.), that with the acid 
concentrations used the substitution of air by 
nitrogen did not produce any change in the E.M.F. 
With very small acid concentrations the exclusion of oxygen would probably be necessary. 

Bright platinum electrodes were used. The effect of previous polarisation by electrolysis 
in dilute sulphuric acid was not marked, the same equilibrium value being found with and 
without this treatment, and the time for attaining equilibrium was not appreciably shortened, 
The electrodes were arranged so that the strained part of the foil to which the platinum conducting 
wire was attached by welding did not come in contact with the liquid. The reference electrodes 
Z were made up with acid which had stood with some depolariser for some hours. At each 
concentration two reference electrodes and three vanadium electrodes were made up and 
measured against one another, and differences of more than 0°01 mv. were rare. Mercurous 
sulphate electrodes were easier to prepare than calomel electrodes, which occasionally differed 
by 0°2 mv. and were then discarded. 

The cells were placed in a well-stirred air thermostat controlled to 25° + 0°02°, as measured 
by a standard thermometer in a vessel of water of approximately the same heat capacity as 
the cells. Readings were usually taken during 2 days, although in a few cases cells were observed 
over a period of 8—14 days. After the second day, variations more than 0°2—0°3 mv. did not 
occur. The equilibrium value was reached after 2—4 hours except with more dilute solutions, 
for which satisfactory results were not obtained until the second day. Reproducible results 
were obtained without the use of a potential mediator, ¢.g., ferric chloride. E.M.F.measurements 
were made to 0°1 mv. by a Tinsley ionisation potentiometer, Weston standard cell calibrated 
by the N.P.L., and a sensitive D’Arsonval galvanometer. All apparatus (cells, galvanometer, 
and potentiometer) was earthed on metal foil, and the leads were in an earthed metal casing. 


Results. 


+ - 
Table I gives the experimental results for the cell Pt|VO,Cl, VOCI,,HCl|HCI,Hg,Cl,|Hg, 
The mercury electrode was negative, and by convention the sign of the E.M.F. was positive 
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(positive electricity flowing through the cell inside from right to left), The stock solution analysis 
was : [HCl] = 0°5758, [VO,Cl] = 001694, [VOCI,] = 0°01694, hence [VO",]/[VO"] = 1 and only 
[VO] is given in the table. 


TABLE I. 
[HCl] x 10* ............ 5758 3791 3033 1011 551-5 124-7 
ie Ee eee 1694 1115 892-5 297-5 162-3 36-91 
Reet 0-6980 0-6612 0-6408 0-5547 0-5077 0-3926 


+ = 
Table II gives the results for the cell Pt|(VO,),SO,,VOSO,,H,SO,|H,SO,,Hg,SO,|Hg. 
The stock solution analysis was: [H,SO,] = 0°5428, [VOSO,] = 0°01228, [(VO,),SO,] = 
0°01232, so the ratio [VO,"]/[VO"’] is 10031. The E.M.F. values should be corrected by the 
addition of AE = — ¢ In 1:0031 = — 0°00007 volt, and thus 0°1 mv. should be subtracted 
from the observed E.M.F. in each case. This has not been done with the figures in the table, 
the correction being made on the final value of E,. Every value in Table II is the average of at 
least three measurements with completely different cells against two different reference electrodes 
which could be regarded as identical. Thus six platinum electrodes could be used for measure- 
ment. The two electrodes in one half-cell gave identical values, and with different cells agree- 


ment to 0°1 mv. was attained in most cases. With the last two cells in the table the possible 
error was 0°2 mv. 


TABLE II. 
[H,SO,] X 108 ............. 4794 2714 1357 1086 977-0 814-1 
[VO,7] X 108 w.eeeeeeeeee 1088 616-0 308-0 246-4 221-8 184-8 
[vo"}] x 105.. iii ae 614-0 307-0 245-6 221-0 184-2 
yp RE” BE OBE 5G ae ce 0-3558 0-2859 0-2494 0-2377 0-2321 0-2225 
[H,SO,] x 10¢ . a. 542-1 355-0 271-4 217-1 81-30 
[VO%s} XX 10% ..ssce cence ons 147-8 123-1 80-60 61-60 49-28 18-47 
wie Eo” een 122-7 80-33 61-40 49-12 18-42 
BE ED Gictubsccaniiisaiadianses 0-2108 0-2021 0-1792 0-1652 0-1538 0-0980 


DISCUSSION OF RESULTs. 


(a) The Chloride Cells.—The method used by Carpenter in finding Ey from the corrected 
results of Coryell and Yost, explained above, may be applied to the present results. The 
E.M.F. of the cell reaction (11) is 


E = E,’ + dln (VO,/)(H’)°(Cl’) /(VO") . . . . . (12) 
Ey = Ey — Equg 
where Ey yg is the standard potential of the calomel electrode Hg|Hg,Cl,,(Cl’) = 1, and 
Eg is the required standard potential of the vanadium ion electrode referred to the standard 


hydrogen electrode. This is related to the equilibrium constant for the solution by the 
equation 


=¢lnK 
where K =[(VO") /(VO,")(H’) 
Equation (12) may be rearranged as follows : 
E—¢in (Ht) )®(CI’) — e In [VOs J/[VO" ] 
Ey+¢mnflf, - ee tae” 2) 
and since [VO,"] = [VO] and (H’)?(Cl’) = [HCI]*/*zq, this equation may also be written : 


E —3¢in [HCl] = E+ ¢ffaalfi - + - + (18a) 

Extrapolation of the left-hand side against a suitable function of the ionic strength 
I to J = 0 should yield E,’, since at infinite dilution the activity coefficients all become 
unity. The points follow a curve very similar to that found by Carpenter, and lead to a 
limiting value of E,’ = 0-7303 volt. This gives Ey = Ey’ + 0-2689 = 0-9992 volt, which 
compares very well with Carpenter’s value of 0-9996 volt, so that the standard potential 
of this system may be considered to be well established. 

Tf in (13) we write (H’)*(Cl’) = (H")a*, and then assume (H") = a, we find: 


E —3$ina, — $in [VO,]/[VO"] = Ey + $lnfylfy - - + (14) 
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and extrapolation of the left-hand side against J* to J = 0 should yield E,’. The values 
of a, are obtained from f, 7, which at the concentrations used does not differ appreciably 
from the activity coefficient referred to molalities, for which Randall and Young’s values 
(loc. cit.) may be used. The plot of the left-hand side of (14) against J* to zero ionic strength 
gives a steep, almost straight line leading to a rather uncertain extrapolation to Ey’ = 
0-7305 + 0-001, in good agreement with the value previously obtained, 0-7303. 
If we put E — 3¢lna, = E,, then from (14) : 


E, = Ey ej p In f/f; 
(E, — E')/0-05915 = log felfy +» - - + + + (15) 


This enables us to find the activity ratio of the vanadium ions. Since this value is not 
otherwise known, it cannot be used as a check on the results unless it is assumed that f, 
and f, are the same as for a univalent and a bivalent ion, respéctively, as given by the 
Debye and Hiickel values. It is known, however, that over the range of concentrations 
dealt with, In f,/f, where the subscripts refer to uni- and bi-valent ions, is positive and 
increases with the ionic strength F. This is in agreement with the present results, since in 
(15), E, increases with J. The Debye.and Hiickel equation for a single ion (see Partington, 
“‘ Chemical Thermodynamics,” 1940, p. 143) gives 


logio falfy = (4 — WhVT/(1 + AaVT) = 3hVT/(1 + AavV/T) 


where it is assumed that the ionic diameter a is a mean value for both ions. The value 
3-64 A. for a gives the following values of log, f,/f,, which are compared with the experi- 
mental values of (E, — Ey’)/0-05915 : 


Te 0-3791 0-3033 0-1011 005515 0-01247 
1080 falfa veseeeeee 06099 0-5532 0-5121 0-3570 0-2847 0-1556 
én Dries O5915 .......0... 0-524 0-4648 0-4057 0-3145 0-2592 0-1572 


The calculated and observed values show the same kind of agreement as is usually 
obtained with the Debye and Hiickel theory at the lower concentrations, and it may be 
said that, although the rise in E, with concentration is due mainly to the effect of a rise 
in J on the value of logy, f,/f;, there may also be a smaller effect which decreases more 
slowly with concentration than the first. 

(b) The Sulphate Cells.—The cell reaction in the sulphuric acid solutions, where the 
reference electrode is mercurous sulphate|mercury, is VO," + 2H* + Hg + 480,” = 
Vo” + H,O + 4Hg,SO,, which gives for the E.M.F. : 


E = E," + $1n( VO,")(H’)*(SO,”)"2/(VO"). . . . . (16) 


and E,” = E, — Ey' ug, where Ey’, is the standard potential of the electrode 
Hg|Hg,S0,,H,SO, SO," = 1, referred to the standard hydrogen electrode as zero. 
A difficulty arises here in that E,' ug is not known, and hence if E9” is found by suitable 
extrapolation, Ey cannot be calculated from the above equation. The value for the 
electrode Hg|Hg,S0,,H,SO, (H,SO,) = 1 is 0-6231 volt (Randall and Cushman, J. Amer. 
Chem. Soc., 1918, 40, 393). E,” is found as follows. Equation (16) is rearranged : 


E — ¢ in (H’)°(SO,")* — ¢ In [VO,"]/[VO"] = Ep + pln fa/fy - - (17) 
Also (H")?(SO,”) = a*,, so that by replacing (SO,") in (17) and putting [VO,"] = [VO"} 


we find 
| E—¢in(H)al, =F,” + plnfif, - - - - + (18) 


The value of a, in (18) may readily be found, since the activity coefficient is known, 
but the value of (H’) is not so easily obtained. The following method gives values of (H’) 
which may be expected to lie close to the actual ones, especially at the lower concentrations, 

Sulphuric acid exists in solution as H* and partly dissociated HSO,’ ions. The dis- 
sociation constant of the HSO,’ ion at 25° is 0-0120 (Hamer, J. Amer. Chem. Soc., 1934, 56, 
860), and from this the degree of dissociation may be calculated by the method of Schrawder 
and Cowperthwaite (ibid., p. 2340). The value of (H’) can be found and H* may be assumed 
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to have the same activity coefficient as HCl at the same concentration, or as a uni-univalent 
electrolyte as calculated from the equation of LaMer, Gronwall, and Sandved (Phystkal. Z., 
1928, 29, 358). This calculation is dealt with below. 

The left-hand side of (18) was plotted against c* and also J*, and extrapolation gave 
E,’ = 0-3977 and 0-3956, respectively. The second value is probably superior, since it 
was found by prolonging a straight line through the last five points. E,’ is the standard 
potential but, as is explained above, it is not readily converted into the standard potential 
of the vanadium half-cell, Ey. The most direct method for finding this would be from the 
cell 

(x) Pt]VO,",VO",H,SO,|H,SO,|H,,Pt 


The present results may be used in conjunction with the values for the cell 


- + 
(8) Pt, H,|H,SO,,Hg,SO,|Hg, 


which have been measured by Partington and Stonehill (loc. cit.), to give the E.M.F. of 
the cell 
(y) Pt|/VO,", VO",H,SO,|H,SO,,Hg,SO,|Hg|Hg,SO,,H,SO,|H,,Pt 


which is equivalent to cell («). The E.M.F. of this is given by E, = E — Eg, where E 
is the observed E.M.F. of the present cells, and EF, and E, are the E. M.F.’s of the cells («) 
and (8) as written above. 

The E.M.F. of cell («) is given by E, = Ey + ¢1n(VO,')(H’)/(VO"), which gives as 


before : 
E,—¢in(H)=2Zo+¢nfiifA - + - + + + (20) 


Extrapolation of the left-hand side against J* gives Ey = 1-0119, which is the standard 
oxidation—-reduction potential in sulphuric acid solution. This value is 12 mv. higher than 
the value in hydrochloric acid solution. 

The method of calculation of J and ¢ In (H") may now be explained. It was assumed 
(i) that dissociation of sulphuric acid into H’ and HSO,’ was complete, although Noyes and 
Stewart (J. Amer. Chem. Soc., 1910, 32, 1133) found by transport measurements that there 
is only partial dissociation even at this stage, and (ii) that the HSO,’ ion was partly dis- 
sociated. The relevant dissociation constant (Hamer. loc. cit.) is 


0-0120 = K = (H')(SO,”)/(HSO,’) . . . . . . (21) 
= [HYa(SOy"ifeor-/[HSO,Yusoe - + + + (22) 


If the activity coefficients of the univalent ions are assumed to be equal, and if the 
total acid concentration is c and [HSO,’] = x, then 


feo = Kx](2c — x)(c — x) eee, we, +b, ee 


The values of fgo,- were calculated by the equation of LaMer, Gronwall, and Sandved for 
a bi-bivalent electrolyte with a = 3-644. Equation (23) holds for the pure acid and 
requires slight modification to apply to the vanadium half-cell. If c’ is the concentration 
of sulphate ion resulting from the complete dissociation of the vanadium sulphates, then 


fsoe = Kx](2c—x)(e+e’—x) « - «© « + « (2A) 


from which ae ion concentrations and hence J and dln (H") w were calculated, while (23) 
gave @ln(H’) for the pure acid in the reference electrode. The two sets of values of 
¢ In (H") differed by 0-5 mv. at the higher concentrations and by 0-1 mv. for the more dilute 
solutions. 

The values of a, for sulphuric acid calculated from the present values of (H‘) and 
(SO,”) agree fairly well with the experimental values found by Harned and Hamer (J. Amer. 
Chem. Soc., 1935, 57, 27) at lower concentrations, but differ from the values at higher 
concentrations by increasing amounts. 

Doubt still exists as to the state of vanadium in the vanadic acid solutions, containing 
5-valent vanadium. Britton (/oc. cit.), from an electrometric study of the oxidation of 
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4-valent vanadium by permanganate and the reduction of 5-valent vanadium by ferrous 
sulphate, and from the solubilities of the pentoxide in acids (Meyer and Aulich, Z. anorg. 
Chem., 1930, 194, 278), concluded that in the solutions of 5-valent vanadium the vanadium 
existed as HVO,. A saturated solution of the pentoxide in water (0-304 g./l.) had a Jy 
of 3 as measured by the glass electrode, which points to an ionisation into H" and VO,’ 
of 30%. In 2n-sulphuric acid solution the solubility of V,O, is 18-7 g./l., and as this 
increases only to 26-2 g./l. in 64% sulphuric acid, the conclusion was reached that no salts 
of 5-valent vanadium with the acids were formed. This is difficult to reconcile with the 
increased solubility in 2N-acid. More recently, Britton and Welford (this vol., p. 895) have 
measured the solubilities of vanadium pentoxide in solutions of acids of various strengths 
and conclude that the oxide is amphoteric. It is, however, regarded as a very weak base, 
and even in the presence of excess of acid the basic function does not extend much beyond 
the formation of the ion VO,". This conclusion is in general agreement with the results 
of the present research. Some salts corresponding with the basic function of vanadium 
pentoxide are described in the older literature (see, ¢.g., Abegg, “‘ Handbuch,”’ III, iii, 745) 
but their identity is very doubtful. Lanford and Kiehl (J. Amer. Chem. Soc., 1940, 62, 
1660) in a phase-rule study found V,0,;,4S0,,4H,O, V,0;,2SO,,3H,O, and V,0,,2SO,,8H,O, 
but failed to find in the conditions in which they worked any evidence of other reported 
sulphates. A revision of this field is called for. It seems that the electrochemical behaviour 
of solutions of 5-valent vanadium compounds in acids can be explained on the assumption 
that the ion is VO,". It cannot be said, however, that the constitution of such solutions 
has yet been completely elucidated from all points of view. Further work in this direction 
is planned. 


QuEEN Mary COLLEGE, UNIVERSITY oF LONDON. ; [Received, September 9th, 1940.]} 





287. Complex Formation between Polynitro-compounds and Aromatic 
Hydrocarbons and Bases. Part IX. The Influence of Solvents on 
the Temperature Coefficients of Colour Densities. 


By D. Li. Hammick and (Miss) R. B. M. YULE. 


The effect of temperature change in various solvents has been studied for the 
following colour-producing interactions: tetranitromethane and naphthalene and 
a- and $-methylnaphthalenes; diphenylamine and o-chloronitrobenzene and chloro- 
2:4-dinitrobenzene. In certain polar solvents, positive temperature coefficients 
(colour increasing with temperature) have been observed for the tetranitromethane 
systems. These and other facts have been discussed in the light of the recent work 
of Gibson and Loeffler (J. Amer. Chem. Soc., 1940, 62, 1324). 


THE view has been developed by Briegleb (Ahrens Sammlung, Part 37, 1937) that the 
coloured products of the interaction of nitro-compounds with aromatic hydrocarbons and 
their derivatives, including the aromatic bases, are “‘ polarisation aggregates ” maintained 
by electrostatic forces between polar molecules (nitro-groups) and electric dipoles induced 
in the polarisable hydrocarbons. Briegleb is able to compute gram-molecular heats of 
interaction of the order of 2 kg.-cals. for assumed intermolecular distances of the order 
of 34. As the experimentally determined heats of interaction (see Baker and Bennett, 
Ann. Reports, 1931, 28, 137, for bibliography) are of the order of 1—5 x 10% cals., and the 
law of force between the polarising and polarised molecules is according to the inverse 
sixth power, the inference is that the interacting molecules cannot possibly get as close 
together as is required for ordinary chemical-bond formation (1—2 x 10° cm.) between 
atoms in the separate molecules. This conclusion is supported by the crystallographic 
evidence, which is against bond distances between separate molecules in the solid 
complexes (Powell and Huse, Nature, 1939, 144, 77). 

The hypothesis of “‘ polarisation aggregation ’’ as the origin of the colour in the systems 
under consideration also implies that the activation energy for the interaction must be very 
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small; this is borne out by the fact that the production of colour in nitro-compound- 
hydrocarbon mixtures is apparently instantaneous even at very low temperatures.* For 
instance, maximum colour is developed immediately when tetranitromethane is mixed with 
toluene at room temperature, and does not appear to be delayed when the admixture is 
brought about at —96° (m. p. of toluene). 

The higher recorded values for the molecular heats of interaction (e.g., — 3990 cals./g.- 
mol. for anthracene-picric acid in chloroform from the variation of colour with temperature ; 
von Halban and Zimpelmann, Z. physikal. Chem., 1925, 117, 461) are of the same order as, 
but definitely lower than, the latent heats per g.-mol. of ordinary organic liquids. This 
implies that the forces operative between molecules to produce colour are no greater than 
those manifested between the molecules in any liquid and makes it probable that the 
colour-producing impacts differ in no way from ordinary impacts between liquid molecules, 
except that, in the former, more or less specific orientations will probably be necessary. 
This is the conclusion reached by a different route in an important paper by Gibson and 
Loeffler (loc. cit.), who assume “‘a drift of electronic charge from the NR, group tothe oxygens 
of the NO, group with consequent displacements of negative charge in the N—O bond 
and in the polarisable aromatic nuclei,” if present, in the sense indicated by the arrows : 


R R O 
OY HO 
—> —> 


This polarisation mechanism had already been suggested, as Gibson and Loeffler point out, 
by one of us (J., 1935, 580) as the primary activation in the formation of addition complexes 
derived from nitro-compounds, and is, in fact, the primary step in an oxidation—reduction 
reaction. Gibson and Loeffler regard this recession of negative charge in the nitro-compound 
as the probable cause of the observed colour changes. In this connection, some preliminary 
experiments in conjunction with Dr. F. M. Brewer ¢ on mixtures of tetranitromethane 
and benzene in n-hexane indicate that the general absorption of the nitro-compound just 
outside the visible region is extended into the visible by the addition of the hydrocarbon, 
the absorption of which is apparently unaltered. 

If the interactions responsible for the shift of absorption are “‘ primary steps in possible 
reactions such as oxidation and reduction”’ (Gibson and Loeffler, Joc. cit.), it follows that 
the significant groups and atoms in the separate molecules must approach more closely than 
in normal intermolecular impact. Messrs. H. M. Powell and G. Huse (private com- 
munication) find that in a number of solid nitro-compound-aromatic base complexes 
a shortening of the normal distances between the component molecules is required to 
obtain satisfactory interpretations of their X-ray analyses. 

Briegleb’s concept of coloured products of interaction in the kind of systems under 
discussion as “‘ dipole aggregates ”’ is difficult to reconcile with the observation that it is 
apparently only interactions between inducing and induced dipoles that are effective in 
producing colour. The polar nitro-groups in the molecules of different nitro-compounds 
must interact electrostatically ; they do so without visible change in their absorption, even 
though the interaction is sufficient to allow the separation of homogeneous solid complexes 
(Hammick, Andrew, and Hampson, J., 1932, 171). Gibson and Loeffler’s (loc. cit.) 
picture of the colour-producing mechanism as an incipient oxidation-reduction (acid—base) 
reaction makes a clear distinction possible between the two kinds of interaction and is in 
principle that of Moore, Shepherd, and Goodall (J., 1931, 1447), who regard ‘* chemical ”’ 
interaction alone as colour producing. Incipient chemical interaction of the kind postulated 


* Experiments have been reported (Hammick and Sixsmith, J., 1935, 580) in which indene and 
methyl 4:6: 4’: 6’-tetranitrodiphenate apparently interact at measurable rates. In spite, however, 
of search over a wide field, no similar case has been discovered, and doubt must exist as to whether 
the data, which have been redetermined by Dr. Sixsmith, are not susceptible to some explanation other 
than that of slow interaction between nitro-compound and indene. 

¢ It is hoped that these experiments may be repeated and extended in more opportune circumstances. 
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will occur whenever the appropriate atoms approach near enough under the influence of 
the thermal agitation even in liquid mixtures showing positive deviations from ideal 
’ behaviour; this is illustrated by the production of colour in solutions of methyl 
4:6:4’ : 6’-tetranitrodiphenate in toluene, the components of which separate into two 
liquid layers on cooling (Hammick and Sixsmith, J., 1939, 972). 

Gibson and Loeffler (loc. cit.) have observed that the absorption of light by certain 
binary mixtures of nitro-compounds and aromatic bases increases with rise in temperature 
at constant pressure. They direct attention to two opposing effects at work. In the first 
place, increase in free volume with rise in temperature “ reduces the probability that two 
unlike molecules will be close together ”’; on the other hand, with increasing kinetic energy 
there will be greater intermolecular penetration and the molecules will ‘‘ spend on the 
average a larger fraction of the time at very close quarters.” We have examined the 
variation with temperature of the colours produced by the interaction of tetranitromethane 
with naphthalene and «- and @-methylnaphthalene; also of diphenylamine with mono- 
and di-nitrochlorobenzenes in a series of solvents. As will be seen (Tables I and II), the 
temperature coefficients of the colours of the systems containing diphenylamine are all 
negative, though the derived heats of interaction vary rather widely. The tetranitro- 
methane systems, on the other hand, show negative or positive coefficients according to the 
solvent, the heats of interaction, AH, computed from the slopes varying from — 1040 cals. 
(naphthalene in hexane) to + 1640 cals. (a-methylnaphthalene in methyl alcohol). 


EXPERIMENTAL. 


The systems examined were (i) tetranitromethane and naphthalene or a- or B-methylnaphtha- 
lene; (ii) o-chloronitrobenzene and diphenylamine; and (iii) chloro-2 : 4-dinitrobenzene and 
diphenylamine, in the solvents shown in the tables. These particular reagents were selected 
because they are themselves colourless in the solvents selected but develop moderately intense 
orange-yellow colorations on admixture. Colour densities, D, were determined in a Hilger— 
Nutting spectrophotometer, the absorption tube being jacketed so that a stream of water at a 
known temperature could be circulated during the determinations. Each solution (5—10%) 
was maintained at temperatures at roughly 5° intervals between 15° and 60° for measurement ; 
in all cases, the original colour density was regained on reverting to the original temperature. 
It was also found that the plots of log D against temperature were straight lines and parallel 
irrespective of (i) the relative amounts of nitro-compound and hydrocarbon or base and (ii) 
the wave-length at which the colour densities were determined. Lines in the blue or green region 
were found most suitable (A between 4300 and 5200 a.). 

The relation between the slope 9 log D/@T and (AH),, the heat of interaction at constant 
pressure, is obtained as follows :—If A and B are colourless interactants that produce the 
coloured complex AB and set up the equilibrium defined by K = [AB]/[A)[B], then, as the amount 
of AB formed from original amounts of Aand B is small, we have K oc [AB] oc D, on the assumption 
that the absorption of light is proportional to the concentration of coloured ‘‘ impact complexes ”’ 
(D = ecl, the product of extinction coefficient, concentration and length of absorption tube). 
It follows therefore that (AH), = RT*(0lnD/OT),. Values for (AH), for T = 20° are given in 
Table I. In Table II we give the photometric details of some of our experiments in order to 
exemplify their nature and scope. 








TABLE I. 
Values of (AH)», cals. 
Tetranitromethane. Diphenylamine. 
Solvent. a-C rofl 7Me . Cc Py | 8° p-C Py | 7Me . 9 oH,Cl ‘N O, . C,H,CK{NO,) te 
N-HEXANE —.z... ... ceececcee — — 1040 — — 2240 — 2520 
Gas beatscaedebsccvenransene — 960 — 980 — 1040 —1100 — 2080 
C,H,Cl, ae be — 320 - — 920 —1000 
C,H,Cl, — — 200 — — 740 — 880 
COMePh +1120 + 760 + 280 — 760 — 680 
cloHexanone ......... a + 720 + 80 — 1400 — 1320 
M — + 560 + 280 — 360 — 800 
PreOH . --- + 800 — — 320 — 1480 
EtOH . — +1060 a — 196 — 1360 
BUNT Mssdnneasesiteirnec +1480 +1120 + 840 — 172 — 1280 
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TABLE II. 


Tetranitromethane—naphthalene. Solvent: n-hexane. 


14:75° 25-5° 28° 32° 38° 45-75° 51-5° 55-5° 
0-1751 0-1482 0- 0-1348 0-1225 0-1020 0-0795 0-0733 
. IP 5° . 44° 485° 56° 59-75° 
. 0-0802 0-0500 0-0252 0-0051 1-9787 1-9628 1-9680 
16-5° 25-25° a 35° 41° (47-5° — 53° 59-25° 
1-9186 1-9025 I-8820 1-8663 1-8525 1-8439 1-8091 1-8048 
Mean slope = —0-026; AH = —1040 cals. 


Tetranitromethane—a-methylnaphthalene. Solvent: methyl alcohol. 


21-0° 26-0° 30:0° 35-0° 440° 47-5° 54-5° 
0-2076 0-2151 0-2305 0-2500 0-2767 0-2907 0-3090 
21-0° 29-0° 36-0° 43-0° 45-0° 47-5° 64-5° 
0-0635 0-0983 0-1250 0-1526 0-1607 0-1688 0-1939 
Mean slope = +0-0037; AH = +1480 cals. 


Chlovrodinitrobenzene—diphenylamine. Solvent: acetophenone. 


22-5° 28-0°  34-0° . 40-5° 440°  48-0° 56-5° 

0-0199 0-0145 I-9900 I- . 1-9795 I- 1-9627 

22-5° 24-0° 28-0° . . . 47-5° _50- 57-5° 

1-9222 1-9165 I-9085 I- 1-8887 1-8752 1-8770 1-8704 1-8587 
Mean slope = —0-0017; AH = —680 cals. 


Discussion of Results. 


The first four solvents listed in Table I are ‘“‘ normal ” liquids, having zero or very small 
electric dipole moments; in all of them it will be seen that the colour-producing interactions 
are exothermic, colour density decreasing with rise in temperature. It will also be noticed, 
on passing from left to right, that the heat evolved (— AH) increases from the tetranitromethane 
systems to the chlorodinitrobenzene-diphenylamine systems in each solvent. Moreover, passing 
down the vertical columns, it appears that each of the interactions successively decreases in 
*‘ exothermicity ” in the same sequence of the first four solvents. It seems fair to conclude 
from this that (i) increase in free volume with temperature is more significant than the closer 
contacts that result from increased kinetic energy, and that (ii) the effect of free volume increase 
on colour decrease is much the same for each of the interactions. 

The remaining six solvents are abnormal liquids. The polar carbonyl groups in the 
ketones must result in ‘‘ dipole aggregation” and the alcohols are associated through hydrogen 
bonds. In all these solvents the tetranitromethane interactions are endothermic, colour 
increasing in intensity with temperature. The diphenylamine—nitro-compound interactions 
are all exothermic, though in both series the lowest observed values for — AH are in the polar 
solvents. Obviously, in such solvents the state of affairs is complex. Rise in temperature will 
break down large associated solvent complexes into smaller molecular units, which, packing 
closer, will result in diminution of free volume. It is possible that this is the explanation of the 
increase of colour with temperature in the tetranitromethane systems. The dipole moments 
of tetranitromethane and of the naphthalenes are zero or very small; dipole aggregation 
between solutes and polar solvents will therefore be negligible. This will not*be so in the chloro- 
nitrobenzenes—diphenylamine systems in which the polar components will form dipole complexes 
with the polar solvent molecules. This effect will tend to diminish the number of colour- 
producing impacts between nitro-compound and base and will increase as rising temperature 
breaks down solvent dipole aggregates with low polarity into polar single molecules. It may 
be that herein lies the explanation of the fact that no endothermic interactions were observed in 
the polar chloronitrobenzene—diphenylamine systems. 


Tue Dyson PERRINS LABORATORY, 
UNIVERSITY OF OXFORD. [Received, September 10th, 1940.] 
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288. A Determination of the Relationship between Refractive Index and 
Specific Rotation in Mixtures of 2:3:4:6-Tetramethyl a- and 
B-Methyl-d-galactosides. 

By D. J. BELL. 


The graphical relationship between the refractive index and the specific rotation 
of mixtures of «- and 6-forms of 2 : 3: 4: 6-tetramethyl methyl-d-galactoside has been 
found to be a straight line. This establishes a criterion of homogeneity useful, for 
example, in polysaccharide investigations where assays of tetramethyl galactopyranose 
are concerned, 


Hirst and Younc (J., 1938, 1247) established criteria of homogeneity with respect to the 
parent sugar for mixtures of 2: 3 : 4: 6-tetramethyl «- and $-methyl-d-glucosides. They 
determined the refractive index and the specific rotation in water of the sample of mixed 
glucosides and compared these constants with the straight-line graphical relationship 
between nj* and [a], for authentic tetramethyl methylglucoside mixtures in various « : 8 
proportions. In the present communication the same procedure is applied to the analogous 
galactosides, with the object of aiding researches on galactose derivatives. 

For our work it was first decided to prepare, in as pure a state as possible, specimens of 
both 2:3:4:6-tetramethyl a- and §-methyl-d-galactosides, and the specimens finally 
obtained had the following properties : 


Isomer. - Dp. [a]p in water. nic. Increment in #p for fall of 1°. 
+190° 1-45035 0-00034 
apdccnenesngene + 18-7 1-44805 0-00034 

1 Micheel and Littmann (Amnalen, 1928, 466, 115) give [a]p +188-5°; Irvine and Cameron (J., 
1904, 85, 1078) give [a]p +143-4°. ' 

* Schlubach and Moog (Ber., 1923, 56, 1957) give m. p. 47—48°; [a]p +19-6°, m2 1-4420; * 
Micheel and Littmann (loc. cit.) give m. p. 46—47°, [a]p +20-7°; Irvine and Cameron (loc. cit.) give 
m. p. 44—45°, [a]p +30-7°. 

* This low value of %° for the B-galactoside was never approached in the present experiments 
despite different methods of preparing the crystalline material; 1-4480—1-4481 was always found at 16°- 


Differences between the glucose and galactose methylglycosides were found in both 
refractive index and ease of separation by fractional distillation. The difference between 
ny for the «- and the $-form of tetramethyl methylglucopyranoside is 0-0040 (Hirst and 
Young, Joc. cit.), whereas the corresponding difference for the galactose derivatives.is only 
0-0023, which makes the galactose measurements much less sensitive, especially when 
compared with the differences between the specific rotations of the «- and the 8-members 
in the two series, viz., 147° and 171° respectively. It is well known that in distillation of a 
mixture of tetramethyl «- and 6-methylglucopyranosides, the latter, having a lower boiling 
point, tends to be concentrated in the distillate; no such fractionation could be observed 
with the galactose derivatives (cf. ‘‘ Mixtures A, B, and C,’’ below). 

Starting with pure tetramethylgalactose, three mixtures of the «- and $-methylglyco- 
sides, in different proportions, were prepared. These, termed “A,” “B,” and “C,” had 
constants which very closely approached to the straight-line relationship between n}" and 
[a]p fixed by the constants of pure 2 : 3 : 4: 6-tetramethyl «- and 6-methyl-d-galactosides. 
Final confirmation of this relationship was afforded by obtaining points relating to ten 
artificial mixtures of the «- and $-derivatives prepared by mixing weighed quantities of the 
two substances. 

EXPERIMENTAL. 


Measurements of optical activity were made on approximately 5% solutions in water, 
the same volumetric apparatus and 2 dm. polarimeter tube being used for all experiments. 
Investigations showed that concentration of solute had no appreciable effect on the value of 
a. The error in polarimetric readings was of the order of + 0-1° in [a], for 5% solutions. | 

Refractometric observations were made with a Hilger refractometer of the Abbé type, the 

51 
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temperature of the instrument being read to 0-25°. Calibration against carbon dioxide-free 
water was done with every batch of material examined. The error in reading was + 0-00015. 

2:3:4:6-Tetramethyl B-Methyl-d-galactoside.—Pure 2: 3: 4: 6-tetramethyl d-galactose, pre- 
pared according to Schlubach and Moog (loc. cit.), was treated with Purdie’s reagents until the 
reaction mixture no longer reduced Fehling’s solution. On evaporation of the filtered solution, 
the crude product crystallised spontaneously. The crisp needles obtained after draining on 
porous tile were recrystallised from light petroleum (b. p. below 40°) until the specific rotation 
in water and the refractive index were constant. The purest material thus prepared had n7?*" 
1-4435; nl?* ¥-4476; nj® 1-44805 (by extrapolation) (see also p. 1543). 

A second preparation, from pure a-methyl-d-galactoside (cf. Ault, Haworth, and Hirst, J., 
1935, 1012) by methylation first by methyl sulphate and alkali and finally by Purdie’s reagents, 
was fractionally distilled, hydrolysed, and the resulting free sugar treated with Purdie’s reagents. 
The crude product crystallised, and was recrystallised as above; [a]? + 18-9°; ni* 1-4411; 
ny 1-4434; nif’ 1-4480 (by extrapolation). 

2:3:4: 6- Tetvamethyl a-Methyl-d-galactoside.—a-Methy]-d-galactoside hydrate, prepared 
according to Ault, Haworth, and Hirst (Joc. cit.), had m. p. 108° (constant), [a]? + 176-8° in 
water (constant). Micheel and Littmann (/oc. cit.) quote [a]p + 175-5°, E. Fischer (Ber., 1895, 
28, 1155) gives + 179-3°, and Irvine and Cameron (loc. cit.) + 178°. After methylation as 
for the second preparation above, the crude product was twice fractionally distilled, the middle 
fractions being collected each time and the others rejected, and p and [a]p being the criteria. 
The material was again distilled, giving three fractions having the following properties : 


Fraction. nit”, ns, Increment in mp per 1° fall. —-}*. [a]}30°. 
OT 1-4456 0-00034 1-4503 +189-2° 
BB. ccvcus ens sorsqecegcecosocos 1-4521 1-4457 0-00034 1-4504 +189-2 
Mb esesoansangsconoance 1-4522 1-4458 0-00034 1-4505 +190-1 
Fraction B was taken to be pure 2: 3:4: 6-tetramethyl a-methyl-d-galactoside (Found : 
C, 52-7; H, 8-9; OMe, 61-5. Calc. for C,,H,,0O,: C, 52-8; H, 8-8; OMe, 62-0%). 

““ Mixture A.” Pure 2:3: 4: 6-tetramethyl galactose was boiled with methyl alcohol 
containing 1% of hydrogen chloride until no reduction of Fehling’s solution was observed 
(1 hour). After a preliminary vacuum distillation, the galactoside mixture, isolated as usual, 
was distilled very slowly at 0-001 mm. Five fractions were collected : 


Fraction. 1. 3. 3. 4. 5. 
MO rercesccreeecceceeecs 1:4497 1-4496 1-4496 1-4496 1-4497 
[a}e —ccseeeceecccesveee + 448° — +149-7° — +150-9° 


No appreciable fractionation had thus taken place. The increment in mp for a fall of 1° was 
0-00034. 

“ Mixture B.” Pure 2:3:4: 6-tetramethyl galactose was methylated with Purdie’s 
reagents, Isolated in the usual way, the crude product crystallised. All but a small residue 
was distilled through a vacuum-jacketed column at 0-001 mm., three fractions being collected. 
It was not possible to observe the refractive index below 17-5° owing to the tendency of the 
supercooled material to crystallise. The fractions were essentially identical : 


D 

5 ear 1-4438 1-4481 1-4484 +37-0° 
DER epee ree 1-4418 1-4438 1-4481 1-4484 +37-4 

PRR, B + asd cviccekesicdc don gee 1-4419 1-4440_—. 1-4481 1-4484 +38-1 


” o io Ee 
eek nee, nye’. nie, [a]. 


The increment in mp for a fall of 1° was 0-00034. 

_. “ Mixture C.” 2:3:4:6-Tetramethyl galactose was dissolved in methyl alcohol con- 
taining 1% of hydrogen chloride and kept at room temperature for 48 hours. The solution 
reduced Fehling’s solution. The crude product was next treated with Purdie’s reagents until 
it became non-reducing. Again, fractional distillation of the mixed ee led to no 
seri breiti 


Fraction. 1. 2. 3. 4. 5. 


WIE serertorscsrcesarrsereterse 14404-14495 1-4495 1-4496 1-4495 
[a]e . crateaccecsccsonrscreces, . + 196-8° _ — +126-4° 
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Artificial Mixtures—Ten mixtures were prepared by mixing weighed quantities of pure 
tetramethyl «a- and $-methyl-d-galactosides. Only one showed jf which differed from the 
calculated value by more than the experimental error (0-00015). 


ny ny» Diff. in ny’ ny Diff. in 
a, %. , found. calc. Np. a, %. [a]p. found. calc. Np. 

21-2 . 1-4484 1-44855 —0-00015 25-7 + 62-2° 1-4488 1-4486 -+0-00020 
11-4 , 1-4482 1-4483 —0-00010 91-5 +1764 1-4500 1-45015 —0-00015 
42-9 , 1-4492 1-44905 +0-00015 16-6. + 47-0 14485 14584 +0-00010 
58-1 1-4495 1-44945 +0-00005 27-3 + 65-8 1-4487 1-44865 +0-00005 
14-1 , 1-4484 1-44835 -+0-00005 55-1 +112-7 1-4493 1-44935 —0-00005 


THE BIOCHEMICAL LABORATORY, CAMBRIDGE. [Received, September 20th, 1940.] 
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By A. ZAk1 and G. SOLIMAN. 


Investigation of the petroleum extract of Zea Mays stigmas has led to the isolation 
of a saturated hydrocarbon, m. p. 65°, and a phytosterol mixture from which stigma- 
sterol has been separated, and in which ergosterol has been detected by colour re- 
actions. The presence of a water-soluble acid claimed by other workers has not been 
confirmed. 


RADEMAKER and FISCHER (Amer. ]. Pharm., 1886, 16, 369) have reported that the stigmas 
of Zea Mays contain mazenic acid, which they isolated by extraction of a petroleum or 
ethereal extract of the stigmas with water. The crystalline form of the acid is described, 
but its melting point and chemical properties are not recorded. 

We were unable to confirm the presence of mazenic acid, but systematic investigation 
of a petroleum extract of the stigmas (2-2—2-5% yield) led to the isolation of a saturated 
hydrocarbon, a greenish. fatty oil, and a phytosterol mixture. The crude hydrocarbon 
could be precipitated from the petroleum extract by addition of cold alcohol, and when 
purified it melted at 65°. It was saturated towards bromine and gave analytical figures 
corresponding within the usual limits of experimental error to a member of the paraffin 
series between C,H and Cy,H,,. Its molecular weight, determined cryoscopically in 
naphthalene, was 450-5. Paraffin hydrocarbons containing both odd and even numbers 
of carbon atoms have previously been obtained from plant sources, ¢.g., triacontane, 
CspH oe (m. p. 65°), from Anthemis nobilis (Power and Browning, J., 1914, 105, 1840) and 
hentriacontane, C,,H,, (m. p. 68°), from both red clover flowers (Power and Salway, J., 
1910, 97, 1004) and Clematis vitalba (Tutin and Clewer, J., 1914, 105, 1835). A paraffin 
of m. p. 64° * which appears to be similar to the one now isolated has been obtained from 
the pollen grains of Zea Mays by Anderson (J. Biol. Chem., 1923, 55, 611), who thought 
it to be m-nonacosane, CogH go. 

Concentration of the alcoholic filtrate gave a dark greenish solution, which deposited 
white plates on cooling. The crystalline deposit after purification melted at 147—150° 
and was shown to be an unsaturated sterol, containing, according to the indications afforded 
by Rosenheim’s reaction (Biochem. J.,.1929, 23, 4379), traces of ergosterol. The presence 
of a free hydroxyl group in the phytosterol was shown by acetylation (acetate, m. p. 132— 
134°), and both stigmasterol and sitosterol have been isolated from it by the method of 
Windaus (Ber., 1906, 39, 437) and their identity confirmed by comparison with authentic 
specimens derived from the phytosterol mixture of soya bean. 

The. presence of the two sterols in the stigmas in approximately equal quantities is 
interesting in view of the facts that Anderson and Moore (J. Amer. Chem. Soc., 1923, 45, 
1944) and Anderson (ibid., 1924, 46, 1450) were unable to detect stigmasterol in maize 
oil, and only traces were isolated by Anderson and Schrinner (ibid., 1926, 48, 2967) when 
large quantities of the oil were saponified. Also Anderson (J. Biol. Chem., 1922, 50, 433; 


* Krafft (Ber., 1907, 40, 4778) gives the melting points of the normal paraffin hydrocarbons Cy,H,,, 
Cy.Hs, C;,H,,, and CysH as 64-1°, 65-6°, 68-4°, and 70-5°, respectively. 
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1923, 55, 611) found that the oil of the pollen grains does not contain stigmasterol or 
sitosterol, and in their place isolated a different phytosterol, characterised by its optical 
inactivity and freedom from water of crystallisation. 


EXPERIMENTAL. 


Extraction—tThe dry powder (1 kg.) of the stigmas was extracted with light petroleum 
(b. p. 60—80°), and the semi-solid residue left after distillation of the solvent made into a thin 
paste by the gradual addition of alcohol; more alcohol was then added (1 1. for 25 g.), and the 
solid separated and washed with alcohol until the filtrate became faintly coloured. The crude 
solid (0-6—0-8%) was crystallised from absolute alcohol, decolourised by heating with 5% 
alcoholic potash, and crystallised from acetone. The pure substance melted at 65°, and after 
drying at 80° in a high vacuum its molecular weight was 450-5 (0-367 g. in 5-202 g. of naphthalene 
gave A 1-085°) (Found: C, 85:3; H, 14-6. Calc. for CygHg, or Cy,H,,: C, 85:3; H, 14:7%). 
The hydrocarbon was recovered unchanged after heating with acids, alcoholic alkali, or bromine 
in glacial acetic acid. 

The Phytosterol.—After separation of the hydrocarbon, the greenish filtrate was concentrated 
by distillation under reduced pressure to one quarter of its volume; on cooling, a crystalline 
solid separated. After removal of adhering oil on a porous plate and of traces of fat and wax 
by treatment with cold light petroleum (b. p. 30—50°) the solid (005%; m. p. 122—126°) 
was crystallised seven times from alcohol; it then melted at 147—150°. The phytosterol 
dissolved freely in ether, chloroform, and benzene and was soluble in hot methyl alcohol, ethyl 
acetate, and alcohol. It was recovered unchanged after heating with 5% alcoholic potash, 
lost 3-3% of its weight on drying at 100° in a high vacuum over phosphoric oxide, and had 
[a]#!" — 43-8° (1 = 1,c = 4:37in chloroform). In Salkowski’s reaction it gave a pink coloration, 
the acid acquiring a greenish fluorescence, and with the Liebermann—Burchard reagent it gave 
a violet colour changing to green. Rosenheim’s trichloroacetic acid reagent gave a blue colour, 
and fusion with chloral hydrate resulted in a blue mass after cooling. 

The acetate, prepared by heating the phytosterol (2 g.) with acetic anhydride (20 c.c.) and 
fused sodium acetate (2 g.) for 40 minutes, crystallised from alcohol in plates, m. p. 132—134° 
(Found: CH,°CO, 9-9. Calc. for C,;,H,,0,: CH,°CO, 10-6%); [a]#" — 47-4° (1 = 1, c = 3-73 
in chloroform). 

Tetrabromostigmasteryl Acetate-——A solution of the phytosterol acetate (5 g.) in dry ether 
(50 c.c.) was gradually treated with a 5% solution of bromine in glacial acetic acid (65 c.c.) 
and then cooled for 3 hours in the ice-chest. The bromide which had separated (2-5 g.) crystal- 
lised from chloroform-absolute alcohol in small prisms, m. p. 211° (decomp.), not depressed 
by tetrabromostigmasteryl acetate (Found: C, 48-2; H, 6-4; Br, 41-6. Calc. for C,;,H,,O,Br, : 
C, 48-1; H, 6-5; Br, 41-3%); [a]}?" — 39-4° (1 = 2, c = 4-16 in chloroform). 

Stigmasteryl Acetate——A solution of the tetrabromide (1-5 g.) in glacial acetic acid (100 c.c.) 
was boiled with zinc dust (4 g.) for 6 hours. The acetate, isolated after cooling and dilution 
with water, crystallised from alcohol in plates, m. p. 144—145°, not depressed by an authentic 
specimen (Found: C, 81-7; H, 11-1. Calc. for C;,H5,0,: C, 81-9; H, 11:1%); [aJ#* — 54-2° 
(1 = 1, c = 3-5 in chloroform). 

Stigmasterol.—The acetate (1 g.) was deacetylated by heating with 5% alcoholic potash 
(30 c.c.) for 45 minutes; after cooling and dilution, the sterol was isolated. It crystallised from 
alcohol in plates, m. p. 171—172°, which gave no depression on admixture with an authentic 
specimen and lost 3% of its weight on drying at 100° in a high vacuum over phosphoric oxide 
(Found: C, 84:1; H, 11-6. Calc. for C,H,,0: C, 84-4; H, 11-7%); [a] — 49-5° (J = 1, 
c = 5-05 in chloroform). 

Sitosteryl Acetate-—Crude dibromositosteryl acetate (5 g.) was isolated from the bromination 
mother-liquor by evaporation of the ether and dilution of the acetic acid solution. It crystallised 
from alcohol in small yellowish plates, m. p. 122°, and was then debrominated by heating with 
zinc dust and glacial acetic acid. The acetate, obtained by dilution with water, crystallised from 
alcohol in small plates, m. p. 133°, not depressed by an authentic specimen (Found: C, 81-4; 
H, 11-4. Calc. for Cs,H,0, : C, 81-5; H, 11-56%); [a]}° — 38-9° (1 = 2,c @ 2-76 in chloroform). 

Sitosterol—The acetate was deacetylated by heating with alcoholic potash; the product 
crystallised from alcohol in plates, m. p. 141°, which lost 2-6% in weight on drying at 100° in a 
high vacuum over phosphoric oxide and gave no depression of m. p. on admixture with 
authentic sitosterol (Found: C, 82-9; H, 12-0. Calc. for C,H,O: C, 84:0; H, 12-2%. 
Calc. for CygH,,0,4H,O : C, 82-5; H, 12-1%); [a]? — 36-6° (1 = 2, c = 2-75 in chloroform). 
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Sitosteryl Bromoacetate.—A solution of the sterol (1 g.) in dry chloroform (20 c.c.) was heated 
on the water-bath with a slight excess of bromoacetyl chloride (about an hour) until hydrogen 
chloride ceased to be evolved; the solvent and the excess of the reagent were then removed 
by distillation under reduced pressure. The residue crystallised from absolute alcohol in 
plates, m. p. 174°, not depressed by an authentic specimen (Found: C, 69-6; H, 9-3; Br, 
15-6. Calc. for C;,H,,O,Br: C, 69-5; H, 9-5; Br, 14-9%). 

The specimens of stigmasterol, sitosterol, and their derivatives used for comparison were 
obtained from a phytosterol mixture of soya beans supplied by Hansa-Miihle of Hamburg. 
The sterol mixture, which melted at 140—144°, gave a negative test for ergosterol in Rosenheim’s 
reaction, and after one crystallisation from alcohol melted at 150°; its acetate melted at 136°. 
The acetate was separated into stigmasteryl acetate and sitosteryl acetate by Windaus’s 
method (loc. cit.). 

The Fatty Oil_—The fat was obtained from the alcoholic mother-liquor after removal of 
the sterol and was dried over calcium chloride in a vacuum. The oil, which had a peculiar 
smell recalling that of the stigmas and solidified at 15°, gave the following constants: acid 
value, 87-9; saponification value, 148-7; iodine value, 96-2; volatile acid value, 2-5; nj} 
1-479. Saponification of the oil (50 g.) gave rise to an unsaponifiable fraction, from which a 
crystalline phytosterol (0-8 g.) was obtained identical with that obtained directly from the oil. 

The Ethereal Extract—The exhausted stigmas were extracted with ether and after evapor- 
ation of the solvent a greenish sticky residue was obtained. The extract did not give a crystal- 
line solid on treatment with solvents; in accordance with Rademaker and Fischer (loc. cit.) 
it was boiled with water, but the faintly acidic solution did not leave a crystalline residue on 
evaporation. 
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290. The Composition of the Ponndorff—Meerwein Reduction 
Product of Mesityl Oxide. 


By J. Kenyon and D. P. Youn. 


Mesityl oxide is reduced by aluminium isopropoxide to a mixture of ayy-tri- 
methylallyl alcohol (III) and a small quantity of the isomeride (IV); this is held to 
confirm the conclusion of Dupont and Menut that mesityl oxide contains a signi- 
ficant amount of the isomeride (II). Some eyy-trimethylallyl esters are unstable, and 
the alcohol itself is readily dehydrated, resembling a tertiary alcohol. Catalytic 
dehydration of the alcohol sometimes leads to the abnormal product, ay-dimethyl- 
butadiene, the course of the reaction apparently being dependent on the experimental 
conditions. 


In view of a recent paper by Dupont and Menut (Bull. Soc. chim., 1939, 6, 1215), in which 
from an examination of the Raman spectra of mesityl oxide and derivatives thereof it is 
concluded that this substance is a mixture of (I) with 20% of (II), we desire to place on 
record certain observations made in this laboratory. Although the above-mentioned 


(I) CMe,!CH-COMe CH,:CMe-CH,COMe (I) 
(III.) CMe,:CH*CHMe‘OH CH,:CMe-CH,CHMe-OH_(IV.) 


workers were in no case able to effect a separation of the isomeric ketones (I) and (II), we 
have succeeded in isolating, in a pure condition, derivatives of the isomeric alcohols (III) 
and (IV) to which (I) and (II) respectively give rise, from the reduction products of ordinary 
mesityl oxide. 

Dupont and Menut, and also Deux (Compt. rend., 1938, 207, 920), describe the reduction 
of the ketone to the corresponding unsaturated alcohol by the Ponndorff—-Meerwein method, 
but record neither full experimental details nor the yield obtained; Lund (Ber., 1937, 70, 
1520) was able to obtain only 8-methylpentan-$-ol by this reaction. By the interaction 
of mesityl oxide and aluminium tsopropoxide, using the procedure of Arcus and Kenyon 
(J., 1938, 698), we have obtained a product, b. p. 127—140°, in some 18% yield. This 
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yielded a f-xenylurethane identical with the p-xenylurethane from «yy-trimethylallyl 
alcohol (III), prepared by the method of Bacon and Farmer (J., 1937, 1065), which has a 
well-authenticated structure. On heating with phthalic anhydride and pyridine, our 
product yielded, however, a small quantity of the hydrogen phthalate of 8-methyl-A?- 
penten-f-ol (IV) (Kenyon and Young, J., 1938, 1452); the hydrogen phthalic ester of 
wyy-trimethylallyl alcohol is not formed under these conditions (see below). The yield of 
phthalate corresponded to a proportion of 3-2% of (II) in the reduction product, but owing 
to the poor yield and impure condition of the latter it is impossible to draw any precise 
conclusions from the data as to the quantitative composition of mesityl oxide. The result 
does, however, present chemical evidence for the heterogeneity of this material, although it 
may be noted that, as Arcus and Kenyon (loc. cit.) observed cis-trans interconversion of 
isomerides during the reduction of butylideneacetone, the Ponndorff—-Meerwein reduction 
might possibly also result in an «y shift of the double bond. 

ayy-Trimethylallyl alcohol is best prepared by the interaction of 8-methylcrotonalde- 
hyde and methylmagnesium bromide as described by Bacon and Farmer (loc. cit.), but 
their yield (50% of crude product) has now been increased to 75% of pure distilled alcohol 
by dilution of both Grignard reagent and aldehyde with a large proportion of ether. Since 
6-methylcrotonaldehyde is obtainable in 30% yield from ordinary amyl alcohol (Fischer 
and Lowenberg, Annalen, 1932, 494, 263), it should be possible to prepare «yy-trimethyl- 
allyl alcohol in 22-5% yield from this starting material. The alternative Grignard reaction, 
between “ activated ’’ magnesium, tsocrotyl bromide, and acetaldehyde (Krestinski, Ber., 
1922, 55, 2754), was found to be sluggish and incomplete, and the product was impure 
and could not be conclusively identified as «yy-trimethylallyl alcohol. 

The hydrogen phthalic ester of «yy-trimethylallyl alcohol, owing to the ease with which 
it eliminates phthalic acid, cannot be prepared by warming the alcohol with phthalic 
anhydride in pyridine; it was obtained by interaction of the potassio-derivative of the 
alcohol in benzene solution with phthalic anhydride. It was an unstable oil which 
deposited phthalic acid immediately on warming; the other product appeared to be, not a 
hexadiene, but polymerised material. The acetate is more stable, and was readily pre- 
pared in the usual manner, although Krestinski (loc. cit.) observed the formation of some 
hexadiene after long heating of the alcohol with acetic anhydride. Attempts to prepare 
the p-nitrobenzoate were unsuccessful. 

The instability of «yy-trimethylallyl esters would appear to be due to the facilitation 
of electron-release to, and splitting off by ionisation of, the ester group (V). As the second- 


CH3, “_™ x oN 
7 -—CH—CH<CHs CH,—C<CH,<CH<CH, 


CH 
> iv) Sox tu, eh. (VI, 


ary carbon atom is virtually under the electron-repelling influence of all three methyl 
groups, the structure presents some aralogy to that of a tertiary alcohol. Esters of the 
isomeride (IV) are in contrast much more stable (Duveen and Kenyon, J., 1936, 1451*). 
An inspection of the probable electronic effects (VI) suggests that electron-release to the 
functional group is much reduced, and furthermore that the double bond would be expected 
to open rather than to undergo a shift of position. Support for this view is provided in 
Dupont and Menut’s observation (Joc. cit.) that 8-methyl-A®-penten-8-ol (IV) is hydrogen- 
ated much faster than «yy-trimethylallyl alcohol. 

Catalytic Dehydration of ayy-Trimethylallyl Alcohol.—Bacon and Farmer found (loc. 
cit.) that «yy-trimethylallyl alcohol on catalytic dehydration gave aa«-dimethylbutadiene 
and a trace of wy-dimethylbutadiene, both characterised by their maleic anhydride adducts. 
On the other hand, Dupont and Menut (loc. cit.) described the dehygration as yielding only 
the wy-compound, identified by its Raman spectrum. Dehydration carried out on speci- 
mens of this alcohol prepared in the present investigation gave the surprising result that 
in all cases the product was entirely the «y-diene; unfortunately, the reaction was not 
carried out on material freshly prepared by Bacon and Farmer’s method. Dr. Farmer has, 


* In this paper the alcohol (IV) was erroneously described as ayy-trimethylallyl alcohol. 
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however, informed us in a private communication that further unpublished experiments 
indicate that the subject is more complicated than appears from his paper, and that-th 
many dehydrations two isomeric dienes may appear in varying proportions according to 
variations in the catalyst, or possibly the experimental conditions. It thus appears that 
the nature of the catalytic dehydration product is not a reliable guide to the structure of 
an unsaturated alcohol. Formation of the abnormal product appears to be due midre 
probably to an «y-shift rather than to “1:4 dehydration” as postulated by the French 
authors. 


EXPERIMENTAL. 


Ponndorff—Meerwein Reduction of Mesityl Oxide.—Mesityl oxide (66 g.) was reduced by 
aluminium isopropoxide (from 8-0 g. of aluminium) by the procedure of Arcus and Kenyon 
(loc. cit.). The product yielded, besides low- and high-boiling material, two fractions, b. p. 
127—135° (8-2 g.) and b. p. 135—150° (mostly 138—140°) (2-5 g.; ni® 1-4370), which both 
yielded p-xenylurethanes, m. p. 90—91°, undepressed by authentic wyy-trimethylally! p-xenyl- 
urethane (from 6-methylcrotonaldehyde; see below) but strongly depressed by methylisobutyl- 
carbinyl p-xenylurethane (m. p. 94°). The reduction product still contained unreduced mesity] 
oxide: 

2-14 G. of the combined fractions above were warmed with 3 g. of phthalic acid in pyridine 
(2 g.) for 1 hr. and left overnight; after trituration with dilute hydrochloric acid the chloro- 
form-soluble portion of the product was extracted with aqueous ammonia; after acidification, 
any ester present was re-extracted with chloroform, leaving phthalic acid behind. This extract 
on evaporation left; 0-44 g. of a solid product, which was only partly soluble in hot light petroleum 
(b. p. 60—80°); the latter solution on partial evaporation and cooling deposited 0-17 g. of dl-8- 
methyl- -A®-penten-8-yl hydrogen phthalate, which after further recrystallisation had m. p. 79°, 
m. p. in admixture with an authentic specimen (Kenyon and Young, Joc. cit.) 79—81°. The 
weight of ester corresponds to 0-069 g. of 8-methyl-A®-penten-8-ol, so the original reduction 
product contained at least 0-069/2-14 x 100 = 3-2% of this alcohol. 

Methylisobutylcarbinyl p-xenylurethane, prepared from the dl-alcohol, formed colourless 
needles, m. p. 94° (Found: N, 5-2. C,,H,,0,N requires N, 4-7%). [dl-Methylisobutylcarbinyl 
hydrogen phthalate (Pickard and Kenyon, J., 1911, 99, 45) has been crystallised for the first 
time; after recrystallisation from light petroleum it forms colourless plates, m, p. 41—42-5°.] 

Preparation of ayy-Trimethylallyl Alcohol by the Grignavd Reaction.—30 G. of $-methyl- 
crotonaldehyde (b. p. 62—64°/60 mm.) in dry ether (150 c.c.) were run slowly into methyl- 
magnesium bromide (from 10 g. of magnesium) in about 250 c.c. of ethereal solution kept at 
— 15° to — 20°, and the product decomposed immediately with ice and ammonium chloride. 
The dried ethereal extract yielded wyy-trimethylallyl alcohol (26 g.) distilling at 48—52°/16 
mm.; only a little colourless resin remained behind. The alcohol had n}?” 1-4251, d2¥" 0-8475 
[Bacon and Farmer (loc. cit.) give b. p. 55°/20 mm., ni? 1-4318, di” 0-8448] ; the p-xenylurethane 
formed microscopic needles from light petroleum, m. p. 91° (Found: N, 5-0. C,,H,,0O,N 
réquires N, 4-8%). 

ayy-Trimethylallyl Hydrogen Phthalate—Potassium (2 g.) was ‘‘ powdered ’”’ under benzene 
(25 c.c.), and a slight excess of «yy-trimethylallyl alcohol added dropwise with cooling, followed 
by phthalic anhydride (7-4 g.). The alkaline aqueous extract was acidified and extracted with 
chloroform; from the dried extract the solvent was removed in a vacuum, leaving the hydrogen 
phthalic ester as a viscous oil. Separation of phthalic acid occurred on warming or after about 
2 weeks’ standing (less with impure specimens). A small quantity was kept in benzene at room 
temperature for a few weeks; phthalic acid, m. p. 193—194°, was removed, and the filtrate 
distilled; a dark gummy residue was left. The benzene distillate contained nothing which 
would react with maleic anhydride. A solution of the phthalate in formic acid and chloroform 
yielded deposited phthalic acid and a high-boiling tarry material only. 

ayy-Trimethylallyl acetate was obtained by heating the alcohol (1-0 g.) with acetic anhydride 
(1-0 g.) on the steam-bath for2 hours. It had b. p. 46°/14mm., n}® 1-4291, a 0-8794 [Krestinski 
(loc. cit.) gives b. p. 140—146°/760 mm.]. 

Catalytic Dehydration of wyy-Trimethylallyl Alcohol_—Specimens of the alcohol (a) from 
mesityl oxide, freshly prepared, (b) from mesityl oxide, 12 months old, and (c) from §-methyl- 
crotonaldehyde, 6 months old, were distilled with small quantities of iodine. All gave ay-di- 
methylbutadiene, b. p. 76-5—77-5°, ni" 1-4430; the maleic anhydride addition product was 
formed in good yield, was completely soluble i in light petroleum, and had m. p. 57°, undepressed 
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by a specimen of the adduct prepared from authentic wy-dimethylbutadiene. The same result 
was obtained from specimen (a) when aniline hydrobromide was used as catalyst. 


Thanks are due to the Government Grants Committee of the Royal Society and to Imperial 
Chemical Industries, Ltd., for grants, also to the Department of Scientific and Industrial 
Research for a maintenance grant to one of us (D. P. Y.). 


BATTERSEA POLYTECHNIC, LONDON, S.W. 11. [Received, October 21st, 1940.] 





291. LHxperiments with Thioacetals and Related Substances. Part I. 
The Polar Effect of Sulphur in Thioacetals. 


By EuGENE ROTHSTEIN. 


It was suggested (J., 1937, 309) that part of the polar character of sulphones is due 
to the expansion of the valency shell of the sulphur atom. In seeking further 
experimental evidence of this the examination of certain thioacetals was undertaken, 
since in these substances, unlike sulphony] derivatives, there are no dipoles which can 
mask any effects due to this expansion. It is found that when y-chloro-aa-bis(ethyl- 
thio)propane is treated with potassium #ert.-butoxide, aa-bis(ethylthio)-A°-propene is 
formed by a pinacolic electron displacement mechanism. This reaction is enabled to 
proceed because of the resonance contribution to the transition state of valency 


structures which can be set up only if the above expansion of the sulphur octet is taken 
into consideration. 


It was postulated in a previous communication (J., 1937, 309) that the relatively great 
mobility of «y-bis(ethylsulphonyl)propenes as compared to the corresponding «y-bis- 
quaternary ammonium salts was largely due to resonance between the various canonical 
structures obtained by expansion of the sulphur octet. The probability of such an expan- 
sion had previously been recognised and the interatomic distances in the sulphate ion 
also support this view (cf. Pauling, “ Nature of the Chemical Bond,” pp. 222 e¢ seq.). 
Furthermore it was noticed that «-benzylsulphonyl-y-ethylthio-A*-propene, 
CH,Ph:SO,°CH:CH-CH,’SEt, 

appeared to be tautomeric with its A*-isomeride. Although the evidence as regards this 
instance was not conclusive, it encouraged the supposition that in favourable cases it 
might be possible to detect a polar effect in sulphides and in these examples it would not 
be complicated by the masking effect of the dipoles between the oxygen and the sulphur 
atoms. A suitable class of substance appeared to be the thioacetals, where there was the 
possibility of resonance between the following structures : 


+ 
3 Et H sEt 
R ‘* RCC 
SEt SEt 
and where therefore reactions depending on the consequent potential ionisation of the 
hydrogen atom might be observed. 

The substances chosen for investigation were the «a-bis(ethylthio)propenes and it was 
in the course of their preparation that evidence illustrating the foregoing hypothesis was 
obtained. When y-chloro-aa-bis(ethylthio)propane, CH,Cl-CH,°CH(SEt), (I), was boiled 
with alcoholic potash, a mixture of y-ethoxy-aa-bis(ethylthio) propane, CH,(OEt)-CH,°CH(SEt)., 
and aa-bis(ethylthio)-A*-propene, CH,*CH:C(SEt), (II), was obtained. In order to avoid 
the formation of large quantities of ethoxy-derivatives, potassi .-butoxide was used 
in subsequent experiments (cf. Beyerstadt and McElvain, J. Amer. Chem. Soc., 1936, 58, 
5301), whereby the unsaturated thioacetal (II) was formed in 77% yield with little or no 
substitution product. ' 

For reasons discussed later in this paper it is evident that the process by which the 
A*-propene is formed is that termed by Ingold and Shoppee (J., 1928, 361) ‘ pinacolic 





[1940] Thioacetals and Related Substances. Part I. 1551 


electron displacement ” and symbolised by (A) in the present instance. The possible 
valency structures taking part in the normal state of the molecule of the chloro-acetal 


y? ae Sh mm oSEt 
i a> Bi CI-CH,-CH Skt CO oe Cl CH CHORE 
i i i i 
(A) (i.) (ii.) (iii.) 
(I) are (i), (ii), and (iii), but in the absence of reagents, the contributions of (ii) and (iii) 
must be considered small, since the substance shows no tendency to lose hydrogen chloride. 
This, however, is not the case in the transition complex formed when alkoxide ions are 
present, and the reaction proceeds to completion with formation of the A*-compound. 
The formation of this isomeride is dependent on the possibility of setting up the valency 
structure (iii); in its absence (e.g., when the sulphur atom is replaced by oxygen) only 
the A*-isomeride should be formed (cf. Part III; this vol., p. 1558). 

The possible alternative mechanism for the formation of the A*-thioacetal, namely, 
that the removal of the hydrogen chloride from the y-chloro-compound first yielded the 
A®-isomeride, from which the former was obtained by a prototropic change, is shown to 
be untenable because both these substances are stable in boiling potassium #ert.-butoxide 
and no interconversion takes place. 

The synthesis of «a-bis(ethylthio)-A*-propene, CH,:CH-CH(SEt), (III), was accom- 
plished by the treatment of Py-dibromo-aa-bis(ethylthio)propane, CH,BreCHBr-CH(SEt),, 
with zinc dust. A second method was to condense aa-dichloro-A*-propene, CH,-CH-CHCl,, 
with sodium ethylthiol; accompanying the required product was a large proportion of 
y-chloro-a-ethylthto-A*-propene, CHCI:CH-CH,’SEt. This substance, the formation of 
which is paralleled by the condensations of the dichloropropene with sodium ethoxide, 
sodium acetate or diethylamine (Kirrman, Pacaud, and Dosque, Bull. Soc. chim., 1934, 1, 
860), does not undergo further reaction with sodium ethylthiol. 

The structure of (III) was determined by boiling with aqueous mercuric chloride, 
which converted it into acraldehyde, and by fission with ozone, yielding glyoxal : 


CH,:CH-CH(SEt), —> CHO-CH(SEt), —> CHO-CHO + Et,S, 


Similarly aqueous mercuric chloride decomposed the A*-isomeride (II) with the production 
of propionic acid : 


CH,*CH:C(SEt), —> CH,CH:CO “> CH,-CH,CO,H 


EXPERIMENTAL. 


Impure y-chloro-aa-bis(ethylthio)propane (I) was obtained in nearly theoretical yield when 
y-chloropropaldehyde diethylacetal (60 g.) (Organic Syntheses, XI, 26), ethylthiol (59 c.c.), 
and 66% acetic acid (150 c.c.) were treated with concentrated hydrochloric acid (150c.c.). The 
bis-sulphide, b. p. 115—117°/11 mm., was probably contaminated with some y-ethoxy-com- 
pound, which has nearly the same b. p. (below), arising from -y-ethoxypropaldehyde acetal in 
the starting material (Found: C, 43-4; H, 7-6; Cl, 15-0. C,H,,CIS, requires C, 42-3; H, 7-6; 
Cl, 17-9%). | 

Reaction with alcoholic potash. The chloro-sulphide (26-6 g.) was refluxed for 20 hours with 
a solution of potassium hydroxide (30 g.) in 90% alcohol (80 c.c.), diluted with water, and ex- 
tracted with ether. Distillation of the residue remaining after removal of the solvent led to 
two main fractions: (a) aa-Bis(ethylthio)-A*-propene (II), b. p. 83°/9 mm.; yield, 24% (Found : 
C, 52-0; H,9-1. C,H,,S, requires C, 51-9; H, 8-7%). Oxidation of the sulphide with perhydrol 
in glacial acetic acid furnished aa-bis(ethylsulphonyl)-A*-propene (cf. Part II) (Found: C, 37-4; 
H, 6-2. C,H,,0,S, requires C, 37-2; H, 62%). (b) y-Ethoxy-aa-bis(ethylthio)propane, b. p. 
115°/9 mm., 65—67°/0-2 mm.; yield, 52% (Found: C, 52:3; H, 9-6; S, 30-8. C,H, OS, 
requires C, 51-9; H, 9-6; S, 30-8%). When this was oxidised with perhydrol, -ethoxy-aa- 
bis(ethylsulphonyl) propane, CH,(OEt)*CH,°CH(SO,Et),, was obtained; it separated from ether 
in needles, m. p. 35—37° (Found: C, 39-6; H, 7-2; OEt, 16-0. C,H, O,S, requires C, 39-6; 
H, 7-4; OEt, 16-5%). 


Reaction with potassium tert.-butoxide. ‘y-Chloro-aa-bis(ethylthio)propane (40 g.) was 
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refluxed for 16 hours with a solution of potassium (20 g.) in éervt.-butyl alcohol (300 c.c.). The 
main product (77% yield) was aa-bis(ethylthio)-A*-propane. The remainder was unchanged 
chloro-sulphide with a small amount of y-hydvoxy-aa-bis(ethylthio)propane, which on oxidation 
yielded the corresponding y-hydroxy-aa-bis(ethylsulphonyl)propane, HO»*CH,°CH,°CH(SO,Et),, 
separating from ethyl acetate in needles, m. p. 105—107° (Found: C, 34-1; H, 6-6. C,H,,0,S, 
requires C, 34-4; H,6-6%). The hydroxy-sulphide was also obtained (yield, 68%) in an impure 
form from y-hydroxypropaldehyde diethylacetal (8 g.), ethylthiol (12 g.), 90% acetic acid 
(20 c.c.), and hydrochloric acid (20 c.c.) (Found: C, 48-7; H, 8-7. C,H,,OS, requires C, 
46-7; H, 89%). The product (b. p. 143—145°/10 mm.) on oxidation furnished the pure 
hydroxy-sulphone. 

Formation of Propionic Acid from aa-Bis(ethylthio)-A*-propene.—The bis-sulphide (3-5 g.) 
was refluxed with mercuric chloride (22 g.) and water (100 c.c.) for 1 hour. The precipitated 
ethylthiomercuric chloride (yield, theoretical) was filtered off, the excess of mercuric chloride 
destroyed with hydrogen sulphide, the filtered liquid continuously extracted with ether for 
several days, the ethereal layer dried with anhydrous sodium sulphate, and the ether removed. 
The acid residue was found by titration to correspond to a 53% yield of propionic acid, identified 
as its p-bromophenacyl ester (Found: C, 48-7; H, 4-0; Br, 29-2. Calc.: C, 48-7; H, 4-1; 
Br, 29-5%), the yield of which was approximately quantitative. 

There were also small quantities of unidentified aldehydes present in the mother-liquor 
after removal of the excess of mercuric chloride. Also, if methyl alcohol were used instead of 
water as a solvent, an aldehyde yielding a 2 : 4-dinitrophenylhydvazone crystallising from petrol 
(b. p. 80—100°) in needles, m. p. 149° (Found: C, 47-1; H, 4:7; N, 22-4. C,)H,,0O,N, 
requires C, 47-6; H, 4-8; N, 22-2%), was obtained. Its nature was not determined. 

Other Reactions of aa-Bis(ethylthio)-A*-propene.—(i) Bromine gave a tarry material with 
evolution of hydrogen bromide. Substitution next to a double bond probably takes place, 
since the halogen could not be removed by refluxing in xylene solution with anhydrous potassium 
carbonate (cf. Part II, following paper). 

(ii) Ethylthiol. A benzene solution of the sulphide (3 g. in 2 c.c.) was mixed with ethylthiol 
(2 c.c.), kept for several days, warmed on the steam-bath, and fractionated. About 80% of 
unchanged bis-sulphide was recovered; the remainder, b. p. 130—135°/9 mm., was probably 
aaf-tris(ethylthio)propane (Found: C, 48-6; H, 8-9; S, 42-9. Calc.: C, 48-2; H, 89; S, 
42-9°%), which on oxidation yielded a sulphone, m. p. 114° after crystallisation from ethyl 
acetate. A fuller description of these substance is given in Part II. 

(iii) Pevbenzoic acid. The sulphide (4-5 g.) was added to perbenzoic acid (22 g.) in chloro- 
form (280 c.c.) solution. Heat was evolved and the liquid boiled. After 15 hours it was shaken 
with sodium bicarbonate solution and dried with fused calcium chloride: The yellow solid 
obtained when the solvent was distilled was boiled in ethyl acetate with norit and recrystallised 
twice from the same solvent. The substance, m. p. 75—77°, appeared to be a8-epory-aa-bis(ethyl- 
sulphonyl) propane, eee (Found: C, 35:3; H, 6-0; S, 27-0; M, in benzene, 

\ 


254, 231. C,H,,0,S, requires C, 34:7; H, 5-8; S, 264%; M, 242). Treatment with boiling 
hydrochloric acid afforded a sulphone crystallising from ethyl acetate in needles, m. p. 109— 
110° (Found: C, 34:0; H, 6-4; S, 29-7. C,H,,0,S, requires C, 33-5; H, 6-4; S, 29-4%). 
There was insufficient for a molecular weight determination. 

(iv) Methyl alcohol and sodium m thoxide. Neither of these reagents affected the bis- 
sulphide either in the cold or in boiling solution. 

Preparation of «aa-Bis(ethylthio)-A®-propene (III).—(i) From «-dibromopropaldehyde. 
Freshly distilled dibromopropaldehyde (40 g.), dissolved in benzene (50 c.c.), was mixed with 
ethylthiol (30 g.) and cooled in ice. Dry hydrogen chloride was passed for 1 hour through the 
stirred solution, which was then washed with water and dried with fused calcium chloride. 
The solution when first prepared was colourless, but hydrogen bromide was slowly evolved and 
after 12 hours’ standing the colour had changed to dark brown and no recognisable product 
could then be isolated. Subsequent treatment was therefore carried out without delay. The 
liquid was diluted with methyl alcohol (200 c.c.), and pure zinc dust g.) slowly added with 
stirring. Solution was rapid at first with some evolution of heat; the slOw reaction that followed 
was completed by boiling the mixture under reflux for 2 hours. The filtered liquid was freed 
from methyl alcohol by distillation, and the residue dissolved in ether, washed with dilute acid 
and water, and dried. Fractionation of the residue after distillation of the ether afforded a 
65% yield of aa-bis(ethylthio)-A®-propene, b. p. 73°/0-5 mm. (Found : C, 52-4; H, 8-9; S, 39-0. 
C,H,,S, requires C, 51-9; H, 8-6; S, 39-5%). 
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(ii) From au-dichloro-A®-propene. The dichloropropene (54 g.) was added with stirring to 
a solution of sodium ethylthiol (from 62 g. of ethylthiol and 23 g. of sodium) in 90% alcohol 
(300 c.c.) cooled in ice. After 12 hours water was added, and the sulphide isolated in the usual 
way. Distillation furnished two main fractions. The first (yield, 28 g.) was ‘y-chloro-a-ethyl- 
thio-AF-propene, b. p. 60—61°/12 mm. (Found: C, 43-7; H, 6-5; Cl, 25-7, C,H,CIS requires 
C, 43-9; H, 6-6; Cl, 26-0%). This substance is stable to alkalis and in particular did not react 
when boiled with a further molecule of sodium ethylthiol. The second fraction was the 
A®-propene described above. 

Reactions. All these were carried out in duplicate, a sample prepared by each method 
being used. 

(i) Fission by ozone. The bis-sulphide, dissolved in dry chloroform, was treated for 12 hours 
with ozonised oxygen; after removal of the solvent in a vacuum, the residue was boiled with 
water to which a little zinc dust had been added. No formaldehyde could be detected, but the 
aqueous solution yielded glyoxal 2 : 4-dinitrophenylosazone, which separated from anisole as 
a powder, m. p. 293° (decomp.) (Found: C, 40-9; H, 2-7. Calc.: C, 40-2; H, 24%). The 
decomposition point of the osazone appears to vary with the solvent used for recrystallisation, 
since this was 275° when the latter was glacial acetic acid (Found: C, 40-2; H, 2-8%), whereas 
Glasstone and Hickling (J., 1936, 820), using nitrobenzene, found it to be 330°. 

(ii) Mercuric chloride. A boiling solution of mercuric chloride (17 g.) in water (35 c.c.), 
gradually treated with the bis-sulphide, gave a large amount of acraldehyde, identified as its 
2: 4-dinitrophenylhydrazone (Found: C, 46-0; H, 3-5; N, 24-1. Calc.: C, 45-7; H, 3-4; 
N,.23-7%). 

(iii) Potassium tert.-butoxide. The sulphide (2-6 g.) was mixed with a solution of potassium 
(3 g.) in boiling ¢ert.-butyl alcohol (50 g.) and refluxed for 6 hours. Most of the material was 
recovered unchanged, though there was also a small amount of high-boiling fraction which was 
not identified. The amount of the latter substance varied in different experiments, but in no 
case was any of the A*-isomeride isolated. 


Most of the analyses were carried out by Drs. G. Weiler and F. B. Strauss of Oxford. The 
Chemical Society is thanked for a grant. 


THE UNIVERSITY, LEEDs. [Received, October 24th, 1940.) 





292. Experiments with Thioacetals and Related Substances. Part II. 
The Reaction between «-Bromopropaldehyde Diethylacetal and Ethylthiol. 


By EuGENne RortustTEIn. 


As a consequence of the hypothesis advanced in Part I (preceding paper) it follows 
that an atom or group which forms a stable anion should be easily eliminated from a 
molecule in which it was in a 8-position to an alkylthio-group. This is confirmed by 
the instability of the halogen atom in 8-bromo-aa-bis(ethylthio)propane, and by the easy 
removal of an ethylthio-group from aa{-tris(ethylthio)propane, yielding aa- or «f-bis- 
(ethylthio)-A*-propene according to the conditions of the experiment. In similar 
circumstances, awy-ivis(ethylthio) propane is stable. 


THE experiments described in the previous paper show that, unlike y-chloro-««-bis(ethyl- 
thio)propane, where the halogen atom, in the absence of alkali, is relatively stable, By-di- 
bromo-aa-bis(ethylthio) propane eliminated hydrogen bromide on standing, and it appeared 
that any §-substituted thioacetal might easily lose the substituent in those cases where 
the latter could exist as a negative ion. A simple example is §-bromo-a«-bis(ethylthio)- 
propane, CH,*CHBr-CH(SEt),, obtainable from the corresponding acetal and ethylthiol ; 
the product so obtained not only confirms the above suggestion but provides further 
evidence of the labile nature of similar types of $-substituents. The experimental results 
are summarised below. 

1. When a-bromopropaldehyde diethylacetal is condensed with ethylthiol, there 
results a bis-sulphide which spontaneously loses hydrogen bromide on standing. Oxidation 
of this product yields a mixture of ««-bis(ethylsulphonyl)-A*-propene, CH,*CH:C(SO,Et), 
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(I), and aB-bis(ethylsulphonyl)-A*-propene, CH,*C(SO,Et):CH(SO,Et) (II). The same results 
are observed when «-bromopropaldehyde is used instead of its acetal. 

2. If the above reaction mixture is distilled under reduced pressure, hydrogen bromide 
is evolved and the main product is «8-bis(ethylthio)-A*-propene, CH,°C(SEt):CH(SEt) (III), 
which on oxidation gives (II), and is unchanged when boiled with potassium ¢ert.-butoxide. 

3. Boiling a xylene solution of the reaction mixture with anhydrous potassium car- 
bonate furnishes aa®-tris(ethylthio)propane, CH,°CH(SEt)-CH(SEt), (IV), in 72% yield. 
This substance, which distils without decomposition, has also been made by an independent 
synthesis. Its structure is confirmed by boiling with aqueous mercuric chloride, whereby 
the two «-ethylthio-groups are lost and «-ethylthiopropaldehyde, CH,*CH(SEt)-CHO, results. 

4. When the above tris-sulphide is oxidised, it is converted into a mixture of aa- and 
a8-bis(ethylsulphonyl)propene (I and II). On the other hand, aay-tris(ethylthio)propane, 
SEt-CH,°CH,°CH(SEt),, which has also been synthesised, affords axy-tris(ethylsulphonyl)- 
propane, CH,(SO,Et)-CH,°CH(SO,Et),, on oxidation. 

5. aa-Bis(ethylthio)-A*-propene, CH,*CH:C(SEt), (V), is produced when the tris-sulphide 
(IV) is boiled with potassium #ert.-butoxide. 

6. That interchange of ethylthio-groups or their migration does not take place in 
the above reactions was shown by the synthesis of aa-bis(ethylthio)-B-n-butylthiopropane, 
CH,°CH(SBu)-CH(SEt), (VI), followed by reactions similar to those in paragraphs 4 and 5. 
Oxidation yielded a mixture of the sulphone (I) and «-ethylsulphonyl-8-n-butylsulphonyl- 
A*-propene, CH,°C(SO,Bu):CH(SO,Et) (VII), and the action of boiling potassium fert.- 
butoxide resulted in formation of the bis-sulphide (V) together with potassium butylthiol. 

In retrospect it is evident that for the molecule of the ««$-tris-sulphide (and similarly 
with the necessary alterations for the 8-bromobis-sulphide) resonance can occur between 
valency structures such as 


Et a i 
SE Et 
CH,—(—c<eet CH, “<SEi CH, 
H H 


(i.) (ii.) 
SEt 


Or)  CH.—C=ceent 


Et 


+ 


H 


The preferential elimination of the 6-group when the substance is boiled with alkoxide 
takes place because of the greater contribution of the structure (iii) (two thioacetal groups 
present and therefore two canonical structures) compared with that of (ii) (only one thio- 
acetal group) to the final state of the molecule.* Furthermore, these eliminations cannot 
be dependent on a mechanism involving the sharing of the lone electrons on the sulphur 
atom (+ M effect; cf. Ingold, Chem. Reviews, 1934, 15, 242), because in the dialkyl-p- 
chloropropylamines, CH,*CHCl-CH,"NR,, where such a mechanism might be expected to 
operate, alcoholic alkali causes substitution only (Ingold and Rothstein, J.; 1931, 1666). 
The +M effect would no doubt promote the ionisation of the halogen atom, but simul- 
taneously it prevents the release of the a-hydrogen atom and no olefinic derivative is 
therefore formed. 

Although experimental difficulties prevent confirmatory evidence, the production of 
the various substances from §-bromo-aa«-bis(ethylthio)propane may be explained by the 
following scheme : 


CH,-CHBr-CH(SEt), + EtSH == (IV) CH,°CH(SEt)-CH(SEt), + HBr = 
CH,°CH(SEt)-CHBr-SEt + EtSH —> (III) CH,-C(SEt):CH(SEt) + HBr 


* These structures are of much greater importance in the transition state, i.e., when alkoxide ion is 
present, than in the ground state of the molecule. 
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The difficulty of adding ethylthiol to either of the unsaturated bis-sulphides (III) or (V) 
(experimental portion) eliminates the possibility that the tris-sulphide is formed from 
these substances, whereas it is to be expected that potassium carbonate would assist the 
first reaction and prevent the decomposition of the tris-sulphide once it was formed. The 
second reaction is in accord with the known instability of thioacetals to acids. 

The formation of the two sulphones (I) and (II) as a result of oxidation may be due to 
two simultaneous decompositions. The preferential elimination of the §-ethylsulphonyl 
group from aaf-tris(ethylsulphonyl)propane, CH,-CH(SO,Et)-CH(SO,Et),, would afford 
the aa-bis-sulphone (I) and the decomposition of the tris-sulphide by the acetic acid 
present in the oxidation mixture would lead to the production of the «$-bis-sulphide (III), 
which would then furnish the «$-bis-sulphone : 


CH,°CH(SEt)*CH(SEt), + HOAc —> CH,‘CH(SEt)*CH(OAc)‘SEt —> (III) —> (II). 


EXPERIMENTAL. 


Propaldehyde diethylacetal was conveniently prepared (yield, 50%) by allowing a mixture 
of propaldehyde (200 g.) and a 1% solution of hydrogen chloride in absolute ethyl alcohol 
(500 g.) to stand for 1 hour, diluting it with water (2—3 1.), and drying the separated acetal 
with fused calcium chloride. Its conversion into a-bromopropaldehyde diethylacetal was 
carried out by direct bromination (Burtles, Pyman, and Roylance, J., 1925, 127, 585). 

Condensation of «-Bromopropaldehyde Diethylacetal with Ethylthiol.—(i) Ethylthiol (84 c.c.) 
was slowly added to a stirred mixture of the bromo-acetal (106 g.), glacial acetic acid (200 c.c.), 
and 48% hydrobromic acid (200 c.c.) cooled in ice. After standing overnight, water was 
added, the product extracted with ether, and the extract washed with sodium bicarbonate 
solution and dried. Distillation yielded diethyl disulphide (15 g.) together with two fractions, 
b. p.’s 88—93°/9 mm. and 95—97°/9 mm., the yields being 3-5 g. and 19-0 g. respectively. 
These were essentially the same substances and, although they still contained traces of halogen, 
were mainly af-bis(ethylthio)-A*-propene (III) (Found: C, 52-2; H, 8-9; S, 39-4. C,H,,S, 
requires C, 51-9; H, 8-6; S, 39-5%). Oxidation furnished the corresponding bis-sulphone (II) 
described below. 

(ii) The bromo-acetal (174 g.), ethylthiol (175 g.), and glacial acetic acid (500 c.c.) were 
mixed, cooled in a freezing mixture, and stirred while 40% hydrobromic acid (500 c.c.) was 
slowly added; the stirring was continued for a further 48 hours. After dilution the oil was 
extracted with xylene, and the extract washed with water, dried with fused calcium chloride, 
filtered, and refluxed for 6 hours with anhydrous potassium carbonate (80 g.). The xylene 
and other more volatile products (chiefly ethylthiol and diethyl disulphide) were removed by 
distillation in steam, and the residue extracted with ether. The ethereal solution yielded 
anB-tris(ethylthio)propane (IV), b. p. 100°/0-3 mm., 137—139°/9 mm.; yield, 72% (Found: 
C, 48-6; H, 8-7; S, 42-6. C,H,,S, requires C, 48-2; H, 8-9; S, 42-9%). 

Condensation of a-Bromopropaldehyde with Ethylthiol.—The aldehyde (30 g.), dissolved in 
carbon tetrachloride (30 c.c.), was cooled in a freezing mixture, and ethylthiol (40 c.c.) added. 
Dry hydrogen chloride was passed through the mixture for } hour, and the liquid washed with 
water, dissolved in glacial acetic acid (300 c.c.), and oxidised with perhydrol (150 c.c.). The 
bulk of the product was an oil which after standing in a refrigerator deposited a mixture of 
aa- and «$-bis(ethylsulphonyl)-A*-propenes (I and II). 

Oxidation of aa8-Tris(ethylthio)propane.—The tris-sulphide (10 g.) in glacial acetic acid 
(150 c.c.) was oxidised with perhydrol (50 c.c.). When the very vigorous reaction had sub- 
sided, the liquid was heated for a further 10 minutes at 100°, and the sulphones extracted 
with chloroform. The crude solid was washed with ether, affording 7 g. of residue (26% 
yield). The ethereal washings were cooled and carefully treated with petrol (b. p. 40—60°), 
thereby yielding a sulphone, crystallising from ethyl acetate in needles having m. p. 114—115° 
and probably stereoisomeric with that (m. p. 73—74°) described below (Found: C, 37-1; 
H, 6-2; S, 28-3. C,H,,0,S, requires C, 37-2; H, 6-2; S, 28-3%). 

The main bulk of the product was dissolved in hot methyl alcohol, which deposited a«-bis- 
(ethylsulphonyl)-A*-propene (I) on cooling to room temperature. The sulphone separated 
from ethyl acetate in opaque cubic crystals, m. p. 95-3° [Found: C, 37-4; H, 6-4; S, 28-4; 
M (benzene),* 213, 233. Calc.: C, 37-2; H, 6-2; S, 283%; M, 226}. 

* The molecular weight found by Rast’s method was usually very high, possibly owing to inter- 
action with the camphor, and this was true of most of the sulphones described in this paper. 
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., The methyl-alcoholic filtrate was evaporated to dryness, and the residue recrystallised 
from ether, from which af-bis(ethylsulphonyl)-A*-propene (II) separated in transparent prisms, 
m. p. 73—74° (Found: C, 37-4; H, 6-1; S, 28:5; M, 219. C,H,,0,.S, requires C, 37-2; 
H, 6-2; S, 28-3%; M, 226). 

The amounts of the sulphones (I) and (II) were approximately equal; that of the first 
(m. p. 114—115°) was very much less and this sulphone was sometimes not isolated at all. 
About ‘half the total oxidation product did not solidify, but on distillation three fractions 
were obtained, b. p. 135—143°/0-4 mm., 143—152°/0-4 mm., and 153—160°/0-4 mm. In 
each case partial crystallisation took place, the first two fractions affording the aa- and the 
last the af-bis-sulphone. The serious loss during the oxidation of both the tris-sulphide and 
the bis-sulphide was probably due to decomposition by the acetic acid, since large quantities 
of ethylthiol were evolved when these compounds were boiled with the acid. 

Oxidation of «B-Bis(ethylthio)-A*-propene.—The sulphide (3-5 g.) in glacial acetic acid (50 c.c.) 
was oxidised with perhydrol (18 c.c.); the product after isolation was a syrupy solid, which 
after washing with ether furnished the «af$-bis-sulphone. A very small amount of the 
aa-isomeride may have been present in the residues. 

Action of Reagents on the «8-Bis-sulphide.—(i) Potassium tert.-butoxide. The sulphide (5 g.) 
was boiled for 20 hours under reflux with 6% potassium #ert.-butoxide (50 g.), washed with 
water and dried. Distillation yielded unchanged bis-sulphide, which oxidation converted into 
the corresponding sulphone in 40% yield. 

(ii) Fission by ozone. A chloroform solution of the bis-sulphide (2 g.) was treated with 
ozonised oxygen for 20 hours, and the solvent removed in a vacuum at room temperature. 
The residue was shaken with water for 4 hours and extracted with ether. The extract yielded 
a sulphide (0-6 g.), b. p. 115—118°/9 mm. (Found : C, 33-3; H, 8-8; S,-40-3%), and the aqueous 
layer furnished, in addition to traces of acetaldehyde (identified by its 2 : 4-dinitrophenyl- 
hydrazone), acetic acid (0-21 g.), which was converted into the p-bromophenacyl ester, m. p. 
85—87° (Found: C, 46-4; H, 3-6; Br, 31-2. Calc.: C, 46-7; H, 3-5; Br, 311%). The 
probable reaction is : 


CH,°C(SEt):CH-SEt—> CH,-C(SEt)!0 —““> CH,-CO-OH + EtSH 


Action of Reagents on aaf-Tris(ethylthio)propane.—(i) Sulphuric acid. Complete decom- 
position and formation of diethyl disulphide. 

(ii) Methyl alcohol and sodium methoxide. Neither the alcohol nor 2N-sodium methoxide 
solution has any action. ; 

(iii) Ethyl-alcoholic potash. A mixture of the unchanged tris-sulphide and aa-bis(ethyl- 
thio)-A*-propene was obtained when the former was refluxed for 12 hours with 8n-ethyl- 
alcoholic potash. : 

(iv) Potassium tert.-butoxide. The tris-sulphide (9-9 g.) was refluxed for 4 hours with 
1-54N-potassium fert.-butoxide (25 c.c.). The chief product was aa-bis(ethylthio)-A*-propene 
(69%), which on oxidation afforded a 25% yield of the corresponding sulphone. No trace 
of the «®-sulphone was detected. A smaller fraction (20%), b. p. 139—140°/9 mm., was 
probably the unchanged starting material, although only the «$-sulphone was actually found 
when it was oxidised. 

(v) Mercuric oxide. The tris-sulphide (4-0 g.) was refluxed for 3 hours with mercuric 
oxide (11 g.) and water (50 c.c.), and the product distilled in steam. »The a$-bis-sulphide 
(1-0 g.) was found in the distillate together with diethyl disulphide (0-8 g.) and acetaldehyde 
(2: 4-dinitrophenylhydrazone. Found: C, 43-1; H, 3-6; N, 24-7. Calc.: C, 42-9; H, 3-6; 
N, 25-0%). The probable reaction was : 


CH,°CH(SEt)-CH(SEt), —~ CH,°C(SEt):CH-SEt + EtSH 
(vi) Mercuric chloride. 
CH,*CH(SEt)*CH(SEt), —> CH,*CH(SEt)*CHO —-> CH,°CH(OH)-CHO 


aa8-Tris(ethylthio) propane (7-6 g.) was refluxed with mercuric chloride (150 g.), cadmium 
carbonate (10 g.), and water (100 c.c.). The precipitated ethf/lthiomercuric chloride and 
unchanged cadmium carbonate were filtered off, and the filtrate distilled in steam. Treat- 
ment of the steam-distillate with excess of 2: 4-dinitrophenylhydrazine in 2n-hydrochloric 
acid afforded a precipitate partly soluble in hot ethyl alcohol, the residue consisting of the bright 
red methylglyoxal 2: 4-dinitrophenylosazone, which separated from phenetole in needles, 
m. p. 295° (decomp.) (Found : C, 42-1; H, 3:3; N, 25-2. Calc.: C, 41-7; H, 2-8; N, 25-9%), 
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and was slightly contaminated with sulphur which was not easily eliminated. A sample of 
the osazone prepared from acetol and crystallised from phenetole was identical in appearance 
and also had m. p. 295° (decomp.); Ingold, Pritchard, and Smith (J., 1934, 79), crystallising 
it from acetic anhydride, found m. p. 299—300° (decomp.). The isomeric malonaldehydebis- 
2 : 4-dinitrophenylhydvazone, which was prepared from §-ethoxyacraldehyde diethylacetal, 
EtO-CH:CH-CH*(OEt), (Claisen, Ber., 1903, 36, 3668), was quite different in appearance and 
crystalline form and was deposited from phenetole in microscopic clusters, m. p, 284° (decomp.) 
(Found: C, 41-5; H, 3-2; N, 25-2. C,,H,,0,N, requires C, 41-7; H, 2-8; N, 259%). 

The hot alcoholic solution deposited «a-ethylthiopropaldehyde-2 : 4-diniirophenylhydrazone, 
CH,°CH(SEt)*CH:N-NH-C,H;,(NO,),, which after two recrystallisations from petrol (b. p. 
80—100°) containing a trace of benzene separated in orange-red prisms, m. p. 95—96°, identical 
(m. p. and mixed m. p.) with the synthetic specimen described below (Found : C, 44-7; H, 4-8; 
N, 18-7; S, 11-0, C,,H,,O,N,S requires C, 44-3; H, 4:7; N, 18-8; S, 10-7%). Neither 
a-hydroxypropaldehyde nor methylglyoxal is formed when acraldehyde is boiled with aqueous 
mercuric chloride, and the aldehyde is recovered unchanged. 

6-Ethylthiopropaldehyde diethylacetal, SEt-CH,°CH,’CH(OEt),, was prepared by boiling a 
mixture of §-chloropropaldehyde diethylacetal (17 g.), sodium ethylthiol (from 10 g. of ethyl- 
thiol), and ethyl alcohol (40 c.c.) for $ hour. B. p, 94—97°/9 mm.; yield, 82% (Found: 
C, 56-0; H, 10-6; S, 16-5. C,H,,0,S requires C, 56-3; H, 10-4; S,16-7%). The 2: 4-dinitro- 
phenylhydrazone crystallised from alcohol in long, flat, yellow prisms, m. p. 107° (Found : 
C, 45-0; H, 4-6; S, 10-2. C,,H,,0,N,S requires C, 44-3; H, 4-7; S, 10-7%). 

awy-Tris(ethylthio)propane, SEt‘CH,°CH,°CH(SEt),, was obtained in 96% yield by shaking 
a mixture of the above ethylthiopropaldehyde acetal (10 g.), ethylthiol (9 c.c.), glacial acetic 
acid (22 c.c.), and concentrated hydrochloric acid (22 c.c.); b. p. 87°/0-2 mm, (Found : C, 48-7; 
H, 8-7; S, 43-0. C,H, S, requires C, 48-2; H, 8-9; S, 42-9%). Oxidation with perhydrol 
furnished an 83% yield of auxy-tris(ethylsulphonyl)propane, crystallising from ethyl acetate in 
prisms, m. p. 105—106° (Found: C, 34:0; H, 6-1. C,H,,0,S, requires C, 33-8; H, 6-3%). 
No loss of ethylthiol was observed during the oxidation and the tris-sulphide was recovered 
unchanged when boiled with potassium #ert.-butoxide, 

Preparation of «-Ethylthiopropaldehyde and its Acetal—Owing to the unreactivity of the 
halogen atom in the starting materials neither of these substances could be obtained pure. 

a-Ethylthiopropaldehyde diethylacetal, CH,-;CH(SEt)*CH(OEt),, was obtained from a-bromo- 
propaldehyde diethylacetal (15-3 g.), sodium ethylthiol (from 7 g. of ethylthiol), and alcohol 
(20 c.c.); b. p. 783—80°/9 mm.; yield, 3-5 g. Although the mixture was refluxed for 15 hours, 
the product still contained halogen, and it was not possible to separate the sulphur compound 
from the bromo-acetal (Found : C, 52-7; H, 9-6; S, 12-7. C,H,,O,S requires C, 56-3; H, 10-4; 
S, 16:7%). The 2: 4-dinitrophenylhydrazone obtained therefrom, however, was identical 
with that previously prepared (Found: C, 44-8; H, 4:8%). 

The above reaction having proved unsatisfactory, a-bromopropaldehyde was used as a 
starting material and in this case there was an immediate precipitation of sodium bromide 
when the aldehyde (14 g.) was mixed with an alcoholic solution of sodium ethylthiol (from 8 g. 
of ethylthiol). Here again, however, the «a-ethylthiopropaldehyde (b. p. 34—37°/9 mm.; yield, 
41%) was impure and the substance contained too much sulphur (Found: C, 48-5; H, 8-5; 
S, 28-5. C,H,,OS requires C, 50-8; H, 8-5; S, 27-1%), but the same 2: 4-dinitrophenyl- 
hydrazone was obtained. 

aaf-Tris(ethylthio)propane was prepared from a-ethylthiopropaldehyde (5 g.) dissolved in 
80% acetic acid (5 c.c.), to which was added with shaking first ethylthiol (6 c.c.) and then 
concentrated hydrochloric acid (10 c.c.). Yield, 64% (Found: C, 48-5; H, 90; S, 42-9%). 
Oxidation of this compound afforded a mixture of aa- and «$-bis(ethylsulphonyl)-A*-propene 
as in previous cases. 

A mixture of aa«$-tris(ethylthio)propane (2-8 g.) and 5% potassium /ert.-butoxide was 
refluxed, and the solution acidified with dilute sulphuric acid, the liberated ethylthiol being 
passed through a solution of mercuric cyanide by means of a current of nitrogen. The pre- 
cipitated mercury bis-ethylthiol was identified by comparison with an authentic specimen 
(m. p. and mixed m. p.). Some diethyl disulphide was obtained from the acidified liquid 
(formed by the decomposition of the bis-sulphide by the acid), the bulk of the product being 
aa-bis(ethylthio)-A*-propene. 

«-n-Butylihiopropaldehyde, CH,-CH(SBu)*CHO, was prepared from butylthiol (16 g.), 
sodium ethoxide (4-6 g. of sodium in 100 c.c. of alcohol), and freshly distilled «-bromoprop- 
aldehyde, the mixture being stirred for 3 hours; b. p. 71-5—72-5°/9 mm.; yield, 51% (Found : 
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C, 57-5; H, 9-9; S, 22-0. C,H,,OS requires C, 57-5; H, 9-6; S, 219%). The 2: 4-diniiro- 
phenylhydrazone crystallised from ethyl alcohol in orange-red needles, m. p. 107—109° (Found : 
C, 48-1; H, 5-8; S, 9-0. C,;H,,0,N,S requires C, 47-9; H, 5-5; S, 9-8%). 

When the above aldehyde (10 g.), mixed with ethylthiol (16 c.c.) and 80% acetic acid 
(10 c.c.), was shaken with hydrochloric acid (10 c.c.), there resulted aa-bis(ethylthio)-B-n-butyl- 
thiopropane (VI), b. p. 114—116°/0-3 mm.; yield, 46-5% (Found: C, 52-4; H, 9-4; S, 37-9. 
C,,H,,S, requires C, 52-4; H, 9-5; S, 380%). In addition there was also a fraction, b. p. 
105—110°/0-3 mm. (yield, 25-5%), this being substantially the same substance. 

Oxidation. This was accomplished in the usual way with perhydrol. A mixture of a solid 
and an oil was obtained, which were separated by washing with ether, the residue being 
aa-bis(ethylsulphonyl)-A*-propene (Found: C, 37-4; H, 6-2%). The ether was distilled off 
from the syrupy portion, which crystallised after standing for a day in the refrigerator. The 
solid was a-ethylsulphonyl-8-n-butylsulphonyl-A*-propene (VII), which crystallised from ether 
in needles, m. p. 52° (Found: C, 42-5; H, 7-2; S, 25-3. C,H,,0,S, requires C, 42-5; H, 7-1; 
S, 25-2%). 

aa-Bis(ethylthio)-8-n-butylthiopropane (5-5 g.) was boiled for 6 hours with 6% potassium 
tert.-butoxide solution (100 g.). The liquid was shaken with water, and the aqueous layer 
extracted with ether, which was then added to the butyl alcohol, and the latter dried with 
anhydrous potassium carbonate and fractionated. «a-Bis(ethylsulphonyl)-A*-propene was 
obtained by the oxidation of the sulphide (yield of sulphide, 2-4 g., together with 0-8 g. of 
higher-boiling substance) and no ethylsulphonyl-n-butylsulphonylpropene was detected. The 
aqueous layer from the ethereal extraction was acidified with dilute sulphuric acid, affording 
n-butylthiol, identified (m. p. and mixed m. p. with a synthetic specimen) as mercury bisbutyl- 
thiol (Found: C, 24:7; H, 4:7. C,H,,S,Hg requires C, 25-4; H, 4-7%). 


THE UNIVERSITY, LEEDs. [Received, October 24th, 1940.] 





293. Experiments with Thioacetals and Related Substances. Part III. 


Comparison of the Polar Effect of Sulphur with that of Oxygen and 
Nitrogen. 
By EuGENE ROTHSTEIN. 


The reactions of the thioacetals noticed in Parts I and II (preceding papers) are 
dependent on the possibility of the setting up of valency structures which are con- 
sequent on the expansion of the valency shell of the sulphur atom. Since this is not 
possible in the cases of nitrogen and oxygen, neither the formation of a A*-unsaturated 
compound from a y-chloro-derivative, nor the easy elimination of the B-halogen atom, 
should be observed in cases analogous to the thioacetals. The recorded experiment 
(Lucius, Arch. Pharm., 1907, 245, 249) that trimethyl-y-chloropropylammonium 
chloride affords trimethylallylammonium salts is confirmed, and it has also been 
found that 8-chloropropaldehyde diethylacetal yields acraldehyde acetal and not 
methylketen acetal, CH*Me:C(OEt),, when boiled with potassium #ert.-butoxide. 
Methylketen acetal is found to be stable to this reagent and is therefore not an inter- 
mediate in the formation of acraldehyde acetal. 


THE mechanism suggested in Part I for the formation of a A*-unsaturated thioacetal 
from the y-chloropropaldehyde derivative is dependent on the possibility of setting up 


- + 
the valency structure Cl CHy—CH—C<ekt and such structures are not possible with 


+ 

H H 

acetals owing to the small tendency of oxygen to expand its our electron shell. Further- 
more, the extremely facile release of the halogen atom from §-bromothioacetals was 
likewise considered to arise from resonance between similar canonical structures (Part II), 
and the difference between these sulphur and the corresponding oxygen compounds is 
very apparent when the instability of the 6-halogen atom in the former is contrasted with 
its relative inertness in the latter substances. It has already been shown (Part IT) that 
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this cannot be due to a +M effect, but two other points remain. The first, that this 
mesomeric effect may in some way be responsible for the formation of ««-bis(ethylthio)- 
A*-propene from y-chloro-a«-bis(ethylthio)propane, is negatived by the observation of 
Knorr and Roth (Ber., 1906, 39, 1424) that dimethyl-y-chloropropylamine furnishes the 
y-ethoxy-derivative when heated with sodium ethoxide at 150° and it might have been 
expected that the influence of the lone electrons on the sulphur atom would be exerted 
by the corresponding electrons on the tertiary nitrogen also. The other possibility is 
that any group with a —I effect might enable this reaction to take place owing to the 
potential loosening of the «-hydrogen atom. Such a group is present in quaternary 
ammonium salts, but it has already been noticed by Lucius (Arch. Pharm., 1907, 245, 
249) that trimethylallylammonium salts are formed by the action of alkali alkoxide on 
trimethyl-y-chloropropylammonium chloride. His experiments were not, however, con- 
clusive because the allylammonium compound was identified solely by its platinichloride 
and it was not, therefore, impossible that trimethyl-A*-propenylammonium salts, 
CH,°CH:CH-NMe,X, were present in the products. For this reason the y-chloro-com- 
pound has been prepared by an unambiguous method, namely, from the y-hydroxy- 
derivative, and treated with alcoholic potash. The product was converted into the 
picrate, m.. p. 214—216°, which was therefore trimethylallylammonium picrate, Had 
any of the A*-picrate * been present, it would have been identified easily, since it has 
m. p. 171—172° and there is no difficulty in separating the two. 

A direct comparison between the effects of the oxygen and the sulphur atom was 
made by boiling y-chloropropaldehyde diethylacetal with potassium ¢ert.-butoxide. The 
chief product was acraldehyde diethylacetal, CH,-CH-CH(OEt),, and no methylketen 
diethylacetal, CH,-CH:C(OEt),, could be detected. The possibility that the methyl- 
keten acetal might have been destroyed in the course of the reaction, or that it might 
have been converted into acraldehyde diethylacetal by a prototropic change is not tenable. 
Methylketen diethylacetal has been prepared by Walter and McElvain (J. Amer. Chem. 
Soc., 1940, 62, 1482) by the action of metallic sodium on ethyl «-bromo-orthopropionate 
and they reported that there appeared to be no tendency for it to change into the isomeric 


allyl derivative. This has been confirmed by boiling methylketen diethylacetal with 
potassium ¢ert.-butoxide, at least 60% of the substance being recovered unchanged. This 
is a conservative estimate, since repeated fractionation of the product would be necessary 
to ensure that none of the acetal was present in the butyl alcohol fraction. This experi- 
ment also demonstrates that there would have been no difficulty in detecting any methyl- 
keten acetal, had it been formed from the y-chloropropaldehyde acetal. 


EXPERIMENTAL. 


Trimethyl-y-hydroxypropylammonium chloride was prepared in 90% yield by heating 
trimethylene chlorohydrin (20 g.) with 37% alcohulic trimethylamine (45 c.c.) in a sealed tube 
for 2 hours at 100° and precipitating it with dry ether. The picrate, obtained by adding a 
deficiency of sodium picrate to an aqueous solution of the salt and partially evaporating the 
solution, separated from ethyl alcohol in needles, m. p. 158—159° (Found: C, 42-3; H, 5-4. 
C,H,,ON,C,H,O,N, requires C, 41-6; H, 5-2%). 

The corresponding chloro-derivative resulted when the hydroxy-compound (15 g.) was 
refluxed for 4 hour with thionyl chloride (20 c.c.), and the excess of the latter removed in 
a vacuum. The compound was boiled in alcoholic solution with norit and reprecipitated 
with dry ether. Yield, 17g. The picrate crystallised from water in needles, m. p. 132—134° 
(Found: C, 39-6; H, 5-0. C,H,,NCI,C,H,O,N, requires C, 39-5; H, 47%). 

Action of sodium ethoxide. The chloro-ammonium salt (3 g.) was kept overnight in admix- 
ture with 2n-sodium ethoxide (35 c.c.). After filtration, acidification with hydrochloric acid, 
and evaporation to dryness the trimethylallylammonium chloride was extracted from the 
residue with absolute alcohol and identified by conversion into the picrate, which crystallised 
from water in needles, m. p. 214—215° (Found: C, 44-4; H, 5-0. C,H,,N,,C,H,O,N, requires 
C, 43-9; H, 4-9%). 

Action of Potassium tert.-Butoxide on y-Chloropropaldehyde Diethylacetal_—(i) The chloro- 
acetal (55 g.) was slowly added to a solution of potassium (25 g.) in boiling éert.-butyl alcohol 


* The synthesis of this substance is described in another communication. 
5K 
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(420 g.), and the heating continued for a further 8 hours. After cooling, the solution was 
saturated with dry carbon dioxide, the precipitated potassium carbonate removed in the centri- 
fuge and washed with ether, and the washings added to the main bulk of liquid, which was 
then fractionally distilled at 200 mm. through a Dufton column 70 ¢m. long. Complete separ- 
ation of the éert.-butyl alcohol (b. p. 51°/200 mm.) and acraldehyde diethylacetal (b. p. 85°/200 
mm.) was not achieved even after three fractionations; various intermediate fractions were 
obtained all of which yielded precipitates of acraldehyde-2 : 4-dinitrophenylhydrazone when 
treated with the appropriate reagent. The total yield of acraldehyde diethylacetal was 21-9 g. 
(excluding that still contained in the butyl alcohol), which represents more than 50% of that 
theoretically obtainable. No methylketen diethylacetal was detected, but there was a higher- 
boiling substance (5-5 g.) which is described in more detail later. 

(ii) The chloro-acetal (61 g.) was refluxed for 16 hours with the butoxide (2 mols.), and the 
product washed with water, dried with potassium carbonate, and distilled at 200 mm. through 
a 40 cm. Widmer column. There was a large amount of acraldehyde, most of which distilled 
with the alcohol, together with a residue, b. p. 120—190°/200 mm., of which 84% consisted of 
acraldehyde acetal and the remainder of two acetals which could not be identified. The first, 
b. p. 52°/9 mm. (Found: C, 65-5; H, 11-1%), furnished acraldehyde-2 : 4-dinitrophenyl- 
hydrazone, and the second, b. p. 69—71°/9 mm. (Found: C, 63-7; H, 11-6; OEt, 20-9%), 
a 2: 4-dinitrophenylhydrazone which after three crystallisations from alcohol had m. p. 78—79° 
(Found: C, 45-9; H, 4-6; N, 20-7%). 

Action of Potassium tert.-Butoxide on Methylketen Diethylacetal.—The acetal (10 g.) was 
refluxed for 6 hours with 6% potassium #ert.-butoxide solution (50 g.).. Excess of carbon 
dioxide precipitated the potassium as the carbonate, which was separated from the solution 
in the centrifuge as in the case of the acraldehyde acetal. Fractionation of the product afforded 
unchanged methylketen acetal in 60% yield, together with an unidentified higher-boiling 
fraction (6%). Neither this nor the recovered ¢ert.-butyl alcohol yielded a precipitate when 
treated with a hydrochloric acid solution of 2 : 4-dinitrophenylhydrazine, showing the absence 
of acraldehyde and its acetal. 


Tue UNIvErRsity, LEEDs. [Received, October 24th, 1940} 





294. Influence of Poles and Polar Linkings on Tautomerism in the 
Simple Three-carbon System. Part VI. Unbalanced Systems. | 


By EvuGENE ROTHSTEIN. 


Most of the three-carbon systems hitherto investigated in this series fall into two 
classes, those with a polar group at each end of the carbon chain and those with only 
one such group, and of these only the former are mobile. It appears that only those 
systems are mobile (i.e., in the cases where there is no permanent seat for the anionic 
charge formed by the separation of a proton as is present in unsaturated acids, etc.) 
where the two isomerides have a very similar constitution. There was, however, the 
possibility that with only one pole present the ionisation of the hydrogen atom was 
too difficult. For this reason aa-bis(ethylsulphonyl)-A*-propene has been prepared and 
it is found that, unlike the cases of the wy-bis(alkylsulphonyl)propenes, there is no 
movement of the double bond when the substance is distilled. This may be due to 
the equilibrium position leading to 100% of the ag 7 verre It was unfortunately 
not possible to test this by the synthesis of the A*-isomeride because all the 
methods tried led either to the production of 1 ::1-bis(ethylsulphonyl)cyclopropane or 
to ay-bis(ethylsulphony]l) propene. 


THE investigations described in this series of papers have shown that the more mobile 
systems are those which are activated by two polar groups, examples being «y-bis-quaternary 
ammonium salts and ay-bis-sulphones, R-CH,°CH:CHR (R ge NRX, Part II, J., 1931, 
1666; and R = SO,Et, Part IV, J., 1937, 309). On the other hand, no tautomerism was 
observed in benzylpropenylsulphones where only one such activating group was present 
(Part III, J., 1934, 684). The trialkyl-y-chloropropenylammonium salts reported in 
Part I (J., 1929, 8) may be classed with the first two systems and it can be concluded from 
the experiments described in this paper that the halogen atom itself functions as a pole, 
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forming a balanced system and facilitating the separation of a proton from the a-carbon 
atom. It is known that trimethylallylammonium salts, CH,-CH-CH,*NMe,X (I), show no 
tendency to pass into the A*-isomeride, CH,;-CH:CH-NMe,X (II), and it has now been 
found that the latter, which has been synthesised, is likewise stable and that neither of 
these two substances is interconverted in alkoxide solution. 

In all these classes of compounds there is no permanent seat for the anionic charge as 
is formally the case with unsaturated esters, ketones, etc., and for tautomerism to occur 
it may be necessary for the two isomerides to have approximately equal energies. It was 
in order to throw some light on this point that the synthesis of «a«-bis(ethylsulphony]) 
derivatives, CH,-CH-CH(SO,Et), (III) and CH,°CH:C(SO,Et), (IV), was undertaken, 
since in these compounds there can be no doubt about the ease of separation of the hydrogen 
atom and therefore of the potential mobility of the system (cf. Part IV, loc. cit.). How- 
ever, although the preparation of (IV) was possible, that of the AP-sulphone (III) could not 
be accomplished. The oxidation of the corresponding thioacetal, CH,-CH-CH(SEt), 
(this vol., p. 1551), is accompanied by the migration of the ethylthio-group and the only 
product was «y-bis(ethylsulphonyl)propane. This anionotropic change is being investi- 
gated. The elimination of hydrogen chloride from +y-chloro-a«-bis(ethylsulphonyl)- 
propane, CH,Cl-CH,°CH(SO,Et), (V), gave a substance which was not unsaturated, was 
very stable to oxidising agents, and with hydriodic acid furnished the y-iodo-com- 
pound, CH,I-CH,-CH(SO,Et),. It was probably 1 : 1-bis(ethylsulphonyl)cyclopropane, 
Let >CSOEt), (V1). 

a sulphone (IV) is stable to heat and can be distilled without change. This is in 
marked contrast to the «y-bis(ethylsulphonyl)propenes, R-SO,-CH,-CH-CH-SO,R’, which 


form equilibrium mixtures under these conditions. The main reaction of (IV) is that of 
addition, which in aqueous neutral or alkaline solution is accompanied by fission : 


CH,-CH:C(SO,Et), + HX —> CH,-CHX-CH(SO,Et), ———> CH,-CHO + CH,(SO,Et),. 


The chief product of alkylation was a methylated dimeric sulphone, C,;H,0,S,, which 


when oxidised with ozone afforded a small amount of a bis(ethylsulphonyl)propionic acid. 
It is difficult to envisage the formation of a substituted propionic acid except from the 
product of an af-fy change during some stage of the alkylation, but this was the only 
evidence obtained that such a change might have occurred with this substance. 


EXPERIMENTAL. 


Section I. Experiments with Trialkylpropenylammonium Compounds.—(i) Trimethyl- 

allylammonium chloride was obtained by condensing allyl chloride with alcoholic trimethyl- 
amine at room temperature and completing the reaction on the steam-bath, 
_ Fission by. ozone. This was best carried out with the hydroxide, which was dissolved in 
glacial acetic acid and treated with ozonised oxygen for 36 hours. The ozonide was boiled 
with water and evaporated to dryness; the residue yielded betaine picrate, m. p. 180° (Found ; 
38-0; H, 4-1. Calc.: C, 38-2; H, 4-0%). 

Action of alkoxide. Sodium methoxide in boiling solution had no action on the chloride, 
which was also recovered unchanged when warmed at 45° for 12 hours with 0-5n-sodium iso- 
propoxide. Prolonged action of this reagent at this temperature or higher temperatures led 
to the formation of dimethylamine, the picrate of which was identified by comparison (m. p. 
as mixed m. p.) with a synthetic specimen (Found: C, 35-3; H, 3-9. Calc.: C, 35-0; 

, 3-6%). 

(ii) Preparation and properties of trimethyl-A*-propenylammonium salis (II). Tvrimethyl-B- 
hydroxypropylammonium salts. The confusion that has arisen in the literature (cf. Beilstein, 
“‘ Organische Chemie,’ Supplement, 4, 433, 437) regarding the structure and identities of the 
hydroxypropylammonium salts prepared by different methods has been satisfactorily clarified 
by Major and Cline (J. Amer. Chem. Soc., 1932, 54, 242), who found that the substances obtained 
by the condensation of propylene chlorohydrin and trimethylene chlorohydrin with trimethyl- 
amine are those to be expected and that no isomerisation takes place. The §-hydroxy-compound 


prepared in this way yielded a picrate which after several recrystallisations from alcohol had 
5L 
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m. p. 157—159°. Major and Cline found 163° (Found: C, 41-8; H, 5-4. Calc.: C, 41-6; 
H; 5:2% . 

ose EPRI a oa salts. These salts were probably first prepared by 
Partheil (Annalen, 1892, 268, 170) by the addition of hydrogen chloride to trimethylallyl- 
ammonium chloride; he considered them, however, to be the y-chloro-derivatives. 

Trimethy]-8-hydroxypropylammonium chloride (43 g.), suspended in chloroform (250 c.c.), 
was treated with phosphorus pentachloride (90 g.) and refluxed for 20 minutes. After cooling, 
the solution was mixed with dry ether, the ethereal layer decanted, and the residue dissolved 
in alcohol, reprecipitated with ether, and left over sulphuric acid. The yield of trimethyl-8- 
chloropropylammonium chloride was 80%. The picrate separated from absolute alcohol or 
water in needles, m. p. 161—162° (Found: C, 39-9; H, 4-7; Cl, 8:8. C,H,,NCI,C,H,O,N, 
requires C, 39-5; H, 4-7; Cl, 9-6%). 

Trimethylpropenylammonium salts (II). Partheil (oc. cit.) isolated trimethylallylammonium 
salts only, when he treated his ‘ trimethyl-y-iodopropylammonium iodide” with alcoholic 
potash. Trimethyl-$-chloropropylammonium chloride (26-5 g.) was mixed with a solution of 
potassium hydroxide (8-5 g.) in ethyl alcohol (200 c.c.) and kept overnight.* The liquid was 
filtered, neutralised (to congo) with hydrochloric acid, and evaporated to dryness, and a slight 
excess of aqueous sodium picrate added. Fractional crystallisation from ethyl alcohol yielded 
trimethyl-A*-propenylammonium picrate (II, X = picrate), separating from this solvent in thick 
needles, m. p. 170—172°. Yield, 30% (Found: C, 43-7; H, 5-0; N, 17-2. C,H,,;N,C,H,O,N, 
requires C, 43-9; H, 4-9; N, 17-1%). Evaporation of the filtrate yielded a small quantity, 
varying in amount, of trimethylallylammonium picrate. The A*-isomeride showed no tendency 
to be converted into the allyl compound, and the chloride was recovered unchanged after 
standing for 12 hours at 30° in admixture with 0-1N-sodium isopropoxide; higher temperatures 
and more concentrated solutions caused decomposition. 

Fission of trimethyl-A*-propenylammonium chloride with ozone. The pure picrate was 
converted into the chloride, which was dissolved in glacial acetic acid and treated with ozonised 
oxygen. The product was refluxed with twice its volume of water, and the vapours passed into 
a hydrochloric acid solution of 2 : 4-dinitrophenylhydrazine; the hydrazone of acetaldehyde 
thus obtained was identified in the usual way (Found: C, 43-0; H, 3-8. Calc.: C, 42-9; H, 
36%). The aqueous filtrate on evaporation and treatment with sodium picrate afforded a 
very small quantity of a picrate crystallising from ethyl alcohol in needles, m. p. 189° (Found : 
C, 35-7; H, 41%). 

Section II. Attempted Preparation of aa-Bis(ethylsulphonyl)-A8-propene (II1).—(i) From 
acraldehyde. Powdered zinc chloride (55 g.) was slowly added to a stirred and cooled mixture of 
ethylthiol (25 g.), acraldehyde (22 g.), and carbon tetrachloride (200 c.c.). When the vigorous 
reaction had subsided, a further portion of ethylthiol (25 g.) was added, and the liquid kept 
overnight; it was then washed with water and dried with fused calcium chloride. Distillation 
yielded three fractions: (a) f-Ethylthiopropaldehyde (3-5 g.), b. p. 60°/10 mm. (Found: C, 
51-3; H, 8-4. C,H,,OS requires C, 50-8; H, 85%). Oxidation with perhydrol ‘in acetic acid 
furnished §-ethylsulphonylpropionic acid, m. p. 115—118° after crystallisation from ethyl 
acetate (Found: C, 36-6; H, 5-9; S, 19-3. Calc.: C, 36-1; H, 6-0; S, 19°3%). (b) Impure 
aay-Tris(ethylthio)propane (14-5 g.), b. p. 100°/0-3 mm. (cf. this vol., p. 1557) (Found: C, 
49-0; H, 8-8; S, 36-7. Calc.: C, 48-2; H, 8-9; S, 42-9%). It was obtained in a purer form 
by the use of glacial acetic acid as a solvent for the reaction instead of carbon tetrachloride 
(Found: C, 49-0; H, 93; S, 423%). In both cases aay-tris(ethylsulphonyl)propane was 
obtained on oxidation (Found : C, 33-8; H, 5-9; S, 30-4. Calc.: C, 33-8; H, 6-3; S, 30-0%). 
(c) An unidentified fraction (9-5 g.), b. p. 160—170° (decomp.) /0-5 mm. 

(ii) From ‘y-chloro-aa-bis(ethylthio)propane. The sulphide was oxidised with perhydrol, 
affording an 88% yield of y-chloro-aa-bis(ethylsulphonyl)propane (V), crystallising from ethyl 
acetate in prisms, m. p. 96—97° (Found: C, 32-2; H, 5-4; Cl, 13-5. C,H,,0,CIS, requires 
C, 32-0; H, 5-7; Cl, 13-5%). 

' -y-Ethoxy-aa-bis(ethylsulphonyl)propane, similarly obtained from the corresponding sulphide, 
separated from ether in needles, m. p. 35—37° (Found : C, 39-6; 9, 7-2; OEt, 16-0. C,H,,0,S, 
requires C, 39-7; H, 7-4; OEt, 165%). Treatment with hydriodic acid (d 1-7) resulted in 


* Boiling the solution for 20 minutes resulted in the formation of what appeared to be a NNNN’N’N’- 
hexamethylpropylenediammonium salt, affording a picrate which crystallised from methyl alcohol in 
long needles, m. p. 315—316° (Found: C, 40-5; H, 4-5; N, 18-1. C,H,,N,,2C,H,O,N, requires C, 
40-9; H, 4-5; N, 182%). It was much less soluble in alcohol than the propenylammonium picrates. 
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the formation of y-iodo-aa-bis(ethylsulphonyl) propane, crystallising from ethyl acetate in yellowish 
needles, m. p. 95° (Found: C, 23-9; H, 4:3; I, 34:8. C,H,,0,IS, requires C, 23-7; H, 4-2; 
I, 35-9%). All the samples of this substance had a low halogen content. 

Action of alkali on y-chloro- ov y-iodo-aa-bis(ethylsulphonyl)propane. When the halogen 
compounds were boiled with pyridine, aqueous sodium carbonate or acetate, the sole product 
was 1 : 1-bis(ethylsulphonyl)cyclopropane (VII), which crystallised from ether, alcohol or ethyl 
acetate in fine needles, m. p. 131—132° (Found: C, 37-3; H, 6-5; S, 28-3; M, 228. C,H,,0,S, 
requires C, 37-2; H, 6-2; S, 283%; M, 226). The sulphone did not decolourise dilute per- 
manganate solution, was unaffected by ozone, and yielded no condensation products with 
aldehydes. It could not be alkylated by any of the usual methods; in fact this substance 
was formed by the action of methyl iodide and sodium methoxide on the chioro-bis(ethyl- 
sulphonyl)propane. Therefore no «-hydrogen atom was present. Boiling hydriodic acid 
converted it into the y-iodo-derivative. 

(iii) From y-dibromo-aa-bis(ethylihio)propane. Freshly distilled dibromopropaldehyde 
(70 g.) was mixed with ethylthiol (52 c.c.) in carbon tetrachloride (50 c.c.) and cooled in ice. 
Anhydrous zinc chloride (55 g.) was slowly added to the stirred solution and when the reaction 
was complete, water was added, and the separated carbon tetrachloride solution dried, dis- 
solved in acetic acid (600 c.c.), and warmed with perhydrol (130 c.c.). Only a small quantity 
of crystalline solid resulted, which was probably y-bromo-aa-bis(ethylsulphonyl)-A*-propene, 
although it contained a deficiency of bromine. It separated from ethyl acetate and petrol 
(b. p. 60—80°) in needles, m. p. 102° (Found : C, 26-9; H, 4-3; Br, 24-8; S, 20-4. C,H,,0,BrS, 
requires C, 27-5; H, 4:3; Br, 26-2; S, 21-0%). The halogen atom is very unreactive, indicat- 
ing its proximity to the double bond, and this with the known lability of halogen in the 
B-position to the bis-ethylthio-groups suggests the above structure. 

(iv) From aa-bis(ethylthio)-A®-propene. Oxidation of the sulphide with perhydrol yielded 
ay-bis(ethylsulphonyl)propene in 72% yield (Found: C, 37-4; H, 5-9. Calc.: C, 37-2; H, 
6-2%). Its structure was determined by comparison with the specimen previously prepared 
(J., 1937, 318) and by fission with ozone, which led to the formation of methylethylsulphone by 
methods described in Part IV (loc. cit.). Condensation with benzaldehyde resulted in §8- 
bis(ethylsulphony]) -«-phenylbutadiene (Found: C, 53-6; H, 5-9. Calc.: C, 53-5; H, 5-7%). 

(v) From glyceraldehyde diethylacetal. In this and the next experiments it was hoped to 
prepare fy-disubstituted aa-bis(ethylsulphonyl)propane which could be converted into. the 
®y-dibromide and thence by the action of zinc dust into the required unsaturated sulphone. 
The intermediate compounds, however, were unstable. 

By-Dihydroxy-aa«-bis(ethylthio)propane was prepared in 51% yield from glyceraldehyde 
acetal (20 g.) dissolved in water (40 c.c.), ethylthiol (20 c.c.), and concentrated hydrochloric 
acid. After 3 hours’ stirring, excess of potassium carbonate was added, and the sulphide 
extracted with ether. B. p. 106°/0-1 mm. (Found: C, 42-9; H, 8-6; S, 32-6. Calc.: C, 42-9; 
H, 8-2; S, 32-6%) (Arnold and Evans, J. Amey. Chem. Soc., 1936, 58, 1950, give b. p. 156— 
158°/3 mm.). Oxidation led to fission with the production of bis(ethylsulphonyl)methane in 
48%, yield : 

CH,(OH)-CH(OH)-CH(SO,Et), —-> CH,(OH)-CHO + CH,(SO,Et), 


(vi) From aB-dimethoxypropaldehyde diethylacetal.. This acetal was obtained impure from 
glyceraldehyde diethylacetal (1 mol.), methyl iodide (4 mols.), and dry silver oxide (4 mols.). 
B. p. 83—85°/10 mm. Yield, 44% (Found: C, 54-9; H, 10-4. C,H,.O, requires C, 56-2; 
H, 10-4%). Treatment of a mixture of the acetal (13 g.) and ethylthiol (10 c.c.) in 90% acetic 
acid (20 c.c.) with hydrochloric acid (30 c.c.) furnished By-dimethoxy-aa-bis(ethylthio) propane, 
b. p. 129—130°/8 mm., in 66% yield (Found: C, 48-1; H, 9-1. C,H,,O0,S, requires C, 48-2; 
H, 90%). Oxidation resulted in the formation of y-hydroxy-B-methoxy-aa-bis(ethylsulphonyl)-. 
propane, separating from ether in needles, m. p. 108° (Found: C, 35-2; H, 6-6. C,H,»O,S, 
requires C, 35-9; H, 6-6%). Since the substance does not dissociate, it follows that the hydroxyl 
group cannot be in the £-position. About 3-3 g. of the sulphone were obtained from 10 g. of 
the sulphide, and of this two-thirds was obtained as a crystalline solid. Treatment of the 
sulphone (liquid or solid portion) with hydriodic acid afforded aa-bis(ethylsulphonyl)-A*- 
propene as the sole product : 


CH,(OH)*CH(OMe)*CH(SO,Et), —> CH,*CHI-CH(SO,Et), —> CH,°CH:C(SO,Et),. 


(vii) By distillation of trimethyl-yy-bis(ethylsulphonyl)propylammonium hydroxide. §-Chloro- 
propaldehyde acetal was heated overnight at 100° in a sealed tube with 33% alcoholic trimethyl- 
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amine (72 c.c.). Approximately 25 g. of ammonium salt were obtained, and 20 g. of the acetal 
recovered. The ammonium salt was mixed with an equal weight of water and ethylthiol and 
stirred overnight after addition of concentrated hydrochloric acid (30 c.c.); excess of silver 
oxide was then added, and the filtered solution evaporated to dryness. The residue furnished 
a somewhat impure specimen of trimethyl-yy-bis(ethylthio)propylammonium picrate, crystallising 
from water in needles, m. p. 94° (Found: C, 43-7; H, 6-0; S, 14:1. Cy sH,,NS,,C,H,O,N, 
requires C, 42-7; H, 5-8; S,14-2%). Oxidation of the ammonium hydroxide was accomplished 
in the usual way, and the solvent distilled under reduced pressure, leaving a residue containing 
some free sulphuric acid. The latter was removed by neutralisation with barium carbonate, 
followed by filtration, acidification with hydrochloric acid, and evaporation to dryness. The 
residue was mixed with moist silver oxide, and the ammonium hydroxide so obtained heated 
to 170°, decomposition taking place. The product was 1 : 1-bis(ethylsulphonyl)cyclopropane. 

Section III. Experiments with aa-Bis(ethylsulphonyl)-A*-propene (IV).—(i) Action of acids 
and alkalis. Dilute mineral acids, concentrated sulphuric acid, and glacial acetic acid had no 
action on the bis-sulphone. Prolonged shaking of the substance with cold water or sodium 
acetate, boiling water, sodium carbonate or pyridine decomposed it with formation of bis(ethy]- 
sulphonyl)methane : 


CH,CH:C(SO,Et), —> CH,-CH(OH)-CH(SO,Et), —> CH,*CHO + CH,(SO,Et),. 


The acetaldehyde was identified in the usual way. 

(ii) Fission by ozone. As acetaldehyde was one of the expected products, “‘ AnalaR ’” 
chloroform was washed free from alcohol with water, dried with calcium chloride, and distilled. 
A blank ozonolysis with this did not yield any acetaldehyde. Also duplicate experiments with 
those described below showed that there was no unchanged bis-sulphone under the conditions 
used. 

(a) The sulphone in chloroform solution was treated with ozonised oxygen for 12 hours, 
and the solvent removed in a vacuum at room temperature. The residue was boiled with water, 
but no aldehyde was obtained, the solution containing some free sulphuric acid, which was 
removed by use of barium carbonate. Evaporation of the filtered solution left a barium salt, 
which was refluxed for 20 hours with a slight excess of p-nitrobenzyl chloride in 95% alcohol, 
thus affording ethyl-p-nitrobenzylsulphone, crystallising in needles, m. p. 139—140° (Found: 
C, 47-4; H, 5-0; S, 14-1. Calc.: C, 47-2; H, 4-8; S, 140%). Zahn and Koch (Chem. Zenitr., 
1936, 1, 3023) record m. p. 133—134°. 

(b) Fission with ozone was carried out as before but for a shorter time, and after distillation 
of the chloroform the residue was boiled with dilute sulphuric acid. Acetaldehyde was obtained. 
Even if unchanged sulphone were present, it would not afford acetaldehyde in sulphuric acid 
solution (experiment i above). 

(iii) Reduction. The bis-sulphone (0-3 g.) was dissolved in glacial acetic acid (20 c.c.) and 
shaken with Adams’s catalyst in an atmosphere of hydrogen until no further absorption took 
place (24 days). The resulting a«-bis(ethylsulphonyl)propane was identified by comparison 
(m. p. and mixed m. p.) with a specimen synthesised from propaldehyde and ethylthiol, and 
by analysis (Found: C, 37-0; H, 7-0; S, 28-1. Calc.: C, 36-8; H, 7-0; S, 28-1%). 

(iv) Addition of bromine. The bis-sulphone was heated in a sealed tube at 100° for 2 hours 
with an excess of bromine, the latter being removed by evaporation at room temperature. A 
dibromide was obtained (Found: Br, 41-4. C,H,,0,Br,S, requires Br, 44-3%), but recrystal- 
lisation caused loss of bromine with the eventual production of the starting material; this was 
also the result of boiling the bromide with sodium acetate in glacial acetic acid. 

(v) Action of alkoxides. (a) The bis-sulphone (1 g.) was refluxed for 2 hours with n-sodium 
methoxide (14 c.c.). Apart from some non-crystalline material, a small quantity of a sulphone, 
which was crystallised from ethyl acetate (Found: C, 42-7; H, 6-2; S, 25-7. C,H,,0,S, 
requires C, 42-9; H, 6-3; S, 25-4%), was obtained. Some bis(ethylsulphonyl)methane was also 
isolated from the syrupy material. A crystalline sulphone could not be obtained when sodium 
isopropoxide was used; potassium #ert.-butoxide afforded bis(ethylsulphonyl)methane only. 

(b) The sulphone was treated with sodium methoxide asefore, but excess of methyl iodide 
was also added. The product was a mixture containing some bis(ethylsulphonyl)methane and a 
dimeric methylated sulphone, which crystallised from ethyl acetate in prisms, m. p. 162°. Yield, 
approx. 30% (Found: C, 38-7; H, 6-4; S, 27-5; M, 380. C,,H3,0,S, requires C, 38-6; H, 
6-4; S, 27-4%; M, 466). 

Fission with ozone. The sulphone, m. p. 162°, was treated with ozonised oxygen in chloro- 
form solution, and the solvent removed at room temperature in a vacuum. No aldehyde was 
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evolved when the residue was boiled with water, and evaporation of the aqueous solution 
furnished a bis(ethylsulphonyl)propionic acid, CH,°C(SO,Et),*CO,H or CH(SO,Et),*CH,°CO,H, 
m. p. 131° (Found : C, 32-8; H, 6-0; S, 24-3. C,H,,0,S, requires C, 32-6; H, 5-4; S, 24-8%). 

(vi) Addition of methylmagnesium iodide. The sulphone (5 g.) in ethereal suspension was 
mixed with a cold solution of methylmagnesium iodide (from 1 g. of magnesium) in ether. 
Reaction took place and a gas appeared to be evolved. Acidification yielded a sulphone, 
which separated from ethyl acetate and petrol (b. p. 40—60°) in needles, m. p. 97—-98° (Found : 
C, 39-5; H, 7-2; S, 27-1. Calc. for C,H,,0,S,: C, 39-7; H, 7-4; S, 26.4%). The sulphone 
was probably bis(ethylsulphonyl)isopropylmethane, CH(CH,),*CH(SO,Et),, described by Fromm 
(Annalen, 1889, 253, 152) as having m. p. 94°. 
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Influence of Toxic Substances on Growth Rate, Stationary Population, 
and Fermentation Reactions of Bact. lactis zrogenes. 


By (Miss) E. A. PooLe and C. N. HINSHELWOooD. 


The growth rate of Bact. lactis erogenes, the stationary population, »,, which a 
given medium will support, and the rate at which the cells in the stationary phase 
cause fermentation of carbohydrates all decrease with increasing concentrations of 
phenol, mercuric chloride, formaldehyde, and copper sulphate, according to curves 
of varying type (Fig. 8), ranging from linear to one showing an abrupt drop to zero 
at a critical concentration. The growth rate and , vary in a remarkably parallel 
manner, which is given a theoretical interpretation. 

In certain examples the fermentation rate in the stationary phase is affected by 
phenol to the same extent quantitatively as the mean generation time in the logarithmic 
growth phase. From the results it is inferred that disinfectant substances act in four 
separate ways. The first is some effect on the lag phase, the second on the actual 
processes involved in cell division, the third on processes of metabolism, and the fourth 
on the death rate. 

The similarities and contrasts revealed in the experiments are made the basis of 
a tentative rough analysis of some of the underlying cell mechanisms. 


THIS paper contains a quantitative study of the influence of various toxic substances 
upon the growth and activity of Bact. lactis arogenes. 

The quantities determined have been the mean generation time, T, the maximum 
population, ”,, which the medium will support, and the rate of gas evolution from fermented 
carbohydrates. 

Under the conditions of the experiments, growth closely follows the logarithmic law 
dn/dt = kn over a wide range : T is the time required for the total number, ”, of organisms 
to double during this phase of growth. At the end of the logarithmic phase growth falls 
off abruptly (see curves in Part I; J., 1938, 1934). At this point, which is rather well 
determined, is taken as m,. (Actually a very slow growth continues for some time after 
this: the value of m at 24 hours, m,,, has also been recorded. m, and mg, have always 
proved to vary in a parallel manner, so the question as to which is the more significant 
theoretically may be left open.) Before the logarithmic phase of growth there may be 
a lag phase, which enters into the interpretation of some of the results. 

The culture was the same strain as that used in previous work (J., 1938, 1930; 1939, 
1683), and the methods of manipulation and counting were similar. T and , have been 
measured for various concentrations of phenol, mercuric chloride, copper sulphate, and 
formaldehyde. The media used have been veal bouillon of pq 7-6, the glucose—-phosphate 
medium previously described, and a medium consisting of peptone (8-3 g./l.), sodium 
chloride (7-5 g./l.), and glucose, mannitol, or galactose (8-3 g./1.). 

Mean Generation Times and Maximum Populations.—The results are shown in the 
various diagrams. For phenol only is a selection of the numerical data given (Tables I 
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Counts are given in numbers per unit field: to obtain the number of organisms 
per c.c. these numbers must be multiplied by 1-25 x 10°. 





TABLE I. 


; 
The effect of phenol on the mean generation time, stationary concentration, and count 
after 24 hours. 


(a) In bouillon. 
Blanks with no phenol: M.G.T. = 21-7 mins.; n, = 400; mg, = 770. All other 









































values expressed as ratios. 
Phenol, % 0-042 0-100 0-108 0-116 0-125 0-133 0-142 0-150 0-158 0-166 
1/M.G.T.... 1-00 0-832. 0-714 0-676 0-370 0-263 0-135 0-077 0-170 0-063 
Wp cvcccocasees 1-00 0-616 0-529 0-361 0-298 0-256 0-175 0-117 0-115 0-084 
eveseeace . 0-562 0-540 0-398 0-267 0-149 0-116 0-072 0-092 0-036 
(b) In glucose—phosphate medium, py 7:12. 
Blanks with no phenol: M.G.T. = 46 mins.; n, = 400; n,, = 680. All other 
i values expressed as ratios. 
ey re 0-02 0-035 0-05 0-07 0-09 0-10 0-11 0-125 0-15 
BPNOAIAE.. cosevcncenes 0-94 0-832 0-706 0-572 05 — 0-267 0-232 no growth 
iy eamcidntbinnisnncies 1-00 0-925 0-750 0-70 0-60 0-575 0-345 0-326 — 
a eee . 0-560 0-510 0-452 0-415 0-375 0-213 0-253 
(c) In glucose—peptone medium. 
Blanks with no phenol: M.G.T. = 50 mins.; n, = 260; ny, = 296. 


. Phenol, % 0-004 0-013 0-021 0-033 0-033 0-042 0-058 0-067 0-071 0-083 0-10 0-133 0-167 

1/M.G.T. ... 1:00 0-73 0-70 0-73 0-65 0-57 — 0-57 0-57 0-532 0-42 _- — 

Wy dedepecnsrse 0-690 0-525 0-455 0-455 0-77 0-415 0-327 0-318 0-246 0-208 0-135 — 
basssbetsens 0-87 0-50 0-42 0-41 0-83 0-37 0-34 0-28 0-233 0-186 0-15 0-12 0-02 








TABLE II. 


The effect of various concentrations of phenol on gas evolution by bacteria growing in 
various medta. 





(a) Carbohydrate-peptone medium. 



















Glucose. Galactose. Mannitol. 

he Rate of Ratio to Ratio to Ratioto Ratio to 

: Phenol, gas Ratio Final Ratio _ blank (rate blank blank (rate blank 
if %. evoltn., to vol. of to of gas (final of gas (final 
K ml./min. blank. gas, ml. blank. evoltn.). vol.). evoltn.). vol.). 
i 0-003 0-0012 0-92 0-56 1-03 0-92 0-95 0-69 0-84 
! i 0-066 0-0010 0-77 0-46 0-81 0-77 0-77 0-63 0-81 
0-100 0-00087 0-67 0-40 0-70 0-54 0-57 0-51 0-59 
i : 0-133 0-00055 0-42 0-21 0-34 0-43 0-52 0-32 0-28 
ts 0-166 0-00033 0-25 0-17 0-28 0-19 0-17 0-21 0-22 
a 0-200 0-00013 0-09 0-08 0-09 No gas evolution No gas evolution 
ie 0-233 — No gas evolution —_ No gas evolution No gas evolution 
‘ 0-266 —- No gas evolution —_ No gas evolution No gas evolution 

) (b) Glucose-phosphate medium, pg 7-12. 
t 4] Phenol, % —..evecccccccccccccccccescoccces 0-015 0-025 0-040 0-05 0-07 0-08 0-12 0-16 0-20 
| : Ratio Rate of gas evoltn.... 0-88 0-83 0-40 0-37 024 023 — a — 

to blank \ Final vol. of gas ...... 0-90 O77 4029 O18 O11 0-07 0:03 0-01 nil 


M,, No4, and 1/T, which measures the growth rate, are plotted for each concentration 
of the toxic substances as fractions of the value they would have in the pure medium. 
; All three ratios, fall off with increasing concentration of the poison according to almost 
identical curves, but the form of the curve varies in a very characteristic manner with the 
| medium and the poison. The main types of curve age shown schematically in Fig. 8. 
} Type 1, a linear decrease of the ratio with concentration, has already been found for the 
H influence of alcohol on the growth rate (Dagley and Hinshelwood, J., 1938, 1930). It is 
{ further illustrated by the results for phenol in glucose—phosphate (Fig. 1b), and for 
; formaldehyde, mercuric chloride, and copper sulphate in bouillon (Figs. 3a, 2a, 4a). 

Type la is illustrated by glucose—-peptone containing phenol (Fig. 6a), Type 2 by 
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Fic. 1. 
The effect of phenol upon growth : (a) in bouillon, (b) in glucose—phosphate medium, py 7:12. 
atio to blank plotted against % of phenol. 


(a) (8) 
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Key : @ Mean generation times. @ Stationary populations. © Counts after 24 hours. 


Fic, 2. 


The effect of mercuric chloride upon growth. Media as for Fig. 1. Ratio to blank plotted against parts 
per million of mercuric chloride. Key as in Fig. 1. 


(a e (d) 














> ® 








/ank. 
° 
yn 





Ratio to b 


~) 
Ls) 












































— 2 
4 6 8 0 0-2 0-4 
Mercuric: chloride, parts per million, 





1568 Poole and Hinshelwood : 


bouillon containing phenol (Fig. la), Types 3 and 3a by glucose-phosphate containing 
mercuric chloride, formaldehyde, or copper sulphate, of which mercuric. chloride 
approximates most nearly to the idealised form 3 (Figs. 2b, 3b, and 40). 

Types 3 and 3a call for special comment. Either growth is nearly normal or it will 
not occur at all. No values of the ratio, either for T or for n,, which were below about 
70% of normal could be measured. Where they might have been expected there was no 
growth at all. An analogous effect has already been observed (Lodge and Hinshelwood, 
J., 1939, 1692) in the experiments on the relation between growth and magnesium content 
in a glucose—phosphate medium: with the magnesium above a certain limit growth was 
constant and normal; below the limit, zero. 


Fic. 3. 
The effect of formaldehyde upon growth. 
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Fic. 4. 
The effect of cupric sulphate upon growth. 


Keys and media as for Fig. 1. 
Ratio to blank plotted against parts per million of toxic substance in each case. 


The explanation appeared to be that the magnesium was necessary for some reaction 
occurring in the lag phase which precedes logarithmic growth. In the absence of mag- 
nesium, the lag phase was so prolonged that the inoculum all died before the cells began 
to divide. There was accordingly, for a given magnesium concentration, a critical inoculum 
size below which no growth occurred and above which it was normal. A similar effect 
was found here with mercuric chloride in the glucose-phosphate medium. For a given 
inoculum size there is a critical concentration of mercuric chloride above which no growth 
occurs, and for a given mercuric chloride concentration there is a critical inoculum size 
below which no growth occurs. In contrast with this result, the inoculum size is found 
to have no effect.-with phenol, which does not give a curve of Type 3. We may therefore 
assume that, just as magnesium shortens the lag phase, so mercuric chloride lengthens it, 
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and that the critical concentration corresponds to a lag phase during which all the inoculum 
can die before division begins. 

In all the rest of this work the inoculum had been 2 or 4 loops of a 12-hour old culture. 
For the experiments on inoculum size small volumes of a similar culture were pipetted 
into 20 c.c. of medium. The results are given in Tables III and IV. 


TABLE III. 


The effect of varying inoculum size on the mean generation time, stationary concentration, 
and count after 24 hours, in glucose-phosphate medium, py 7-12, containing 0-05% 
of phenol. 


Inoculum size, ml. x 10% ......... 20 5 1-2 0-6 0-06 
egy Gs cc venewscconiscetocieseies 71-7 72 ~- 75 —_ 
i sakasednbacgnmibddbaahdmestonnanioae 360 360 365 _- 345 
- SE FEE GEERT ORS HR HE 475 460 400 410 415 


The count of the inoculum, which had just reached its stationary concentration, was 400. 


TABLE IV. 
The effect of inoculum size on the growth limit in glucose-phosphate medium, py 7:12, 
containing mercuric chloride. 
HgCl,, Inoculum size, ml. x 10%. Count of HgCl,, Inoculum size, ml, x 10%. Count of 
p-p-m. 20. 2-4. 1-2. 0-12. inoculum. p-p-m. 20. 2-4. 1-2. 0-12. inoculum. 
0-70 — 500 0-35 oe 435 
0-65 + 500 0-30 4+ _ —_ — 495 
0-60 + 500 0-25 + — —_ — 435 
0-55 ao 500 0-20 + + —_ = 470 
0-50 ao 435 0-15 + + + _ 410 
0-45 a 435 0-10 + + + + 470 
0-40 + 435 
+ = Growth. — = No growth. 


Fermentation of Carbohydrates—Many bacteria of the Coli-Typhosum group ferment 
media containing various carbohydrates, with the evolution of gas. It was proposed 
to compare the influence of a toxic substance Fic. 5. 
upon the rate of this process with its influence — Gas evolution curves for glucose ~peptons media 
on the growth rate. containing various amounts of phenol. 

Small graduated glass tubes of about 1 c.c. 
were inverted in a larger tube containing the 5 
culture medium, all the air in them except 
about 0-02 c.c. being removed by evacuation 
under sterile conditions. The medium was 04 
then inoculated. Parallel readings of the « 
number of bacteria and of the total volume 
of gas evolved were made. No measurable ~?9 
amount of gas began to collect until the ¥; 
bacteria had attained their stationary popul- 
ation. From this point the gas volume 
increased linearly with time, then abruptly . ‘ 
ceased to increase. This circumstance made 9.7 4 3s 
it possible to separate the two effects of a Be} © 
toxic substance, viz., that upon the growth ; Bo ¢ 
rate and that upon the fermentation reaction. 

All cultures could be grown to the stationary ~ ity tes: Pron beocelation. Bessutry 
phase, evolving hardly any gas: the poison Key: @ 0-000% phenol. 0-100% phenol. 
could then be added, and the: gas evolution @ 0-033% phenol. 4 0-133% phenol. 
observed from then on. A typical series of @ 0:066% phenol. © 0:166% phenol. 
results is shown in Fig. 5. For the medium containing peptone with glucose, the rate of 
gas evolution and the total final volume are both decreased in the same proportion in the 
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presence of a given quantity of phenol. The ratio of either quantity to the corresponding 
value for the phenol-free medium gives a straight line when plotted against the phenol 
concentration. 

Similar results are found for mannitol— or glucose—peptone media and for a glucose- 
phosphate medium, except that in the last case the gas evolution is less vigorous, and the 
curve of gas evolution against phenol concentration is no longer linear. 

Comparison of Figs: 6a with 6b and 7a with 7b shows that the effect of phenol on the 
fermentation occurring during the stationary phase is quantitatively very nearly identical 
with its effect on the growth rate itself. 








Fic. 6. 


Glucose—peptone medium. The effect of phenol upon (a) growth, (b) gas evolution. 
Ratio to blank plotted against phenol, %. 
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Keys: (a) As in Fig. 1. 
(6) @ Rates of gas evolution. © Final volumes of gas. 


Parallel Variations in Mean Generation Time and Stationary Population caused by Toxic 
Substances.—One might have expected a toxic substance to affect the growth rate alone, 
leaving , unchanged, but there is, in fact, a rather striking parallelism between the two, 
which is illustrated in Figs. 1—4. It stands in sharp contrast to what is found when the 
py of the medium is varied. An adverse pq may reduce m, almost to zero while hardly 
changing the rate at which the sparse residual growth occurs. From this the conclusion 
was drawn in Part IV that the cell division process involved a series of changes, one at 
least of which was shielded from the influence of the p, of the medium. The present 
parallelism between growth rate and , also requires an explanation, which may be given 
as follows. We assume that under the conditions of the experiments growth ceases when 
the combined actions of the added poison and of toxic products from the cells themselves 
reduce the growth rate to zero. (Since the total count and not merely the viable count 
becomes stationary it is not enough to assume that division rate balances death rate.) 

During the logarithmic phase the numbers are given by the equation dn/d¢ = kn. At 
the onset of the stationary phase & falls rather rapidly to zero. Since growth rate de- 
creases linearly with increasing concentration, p, of a toxic substance such as phenol, we 
may write for the logarithmic phase k = ky — ap, where a is constant. 
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The amount of toxic products from the cells themselves present at time ¢ will be 
proportional to the quantity 
t 
| n . dt 
0 


and this integral will grow very rapidly as the stationary phase is reached, so as to give the 
relation 


t 
k= hy — ap —b] n. dt 
0 


where 6 is a constant. 
Fic. 7. 
Glucose—phosphate medium, py 7:12. As Fig. 6. 


(a) (b) 
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Ratio to blank. 
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Phenol, Ip. 05 0-70 
For the logarithmic part of the curve we shall have, from the earlier equation, k/ky = 
1 — (a/k,)p. When t has reached a value ¢,, k will have fallen to zero, so that m = n,, and 


ky — ap — db] n. dt=0 
0 
But for most of the time the equation dn/d¢ = kn has in fact been followed, so that 
te ™~dn bm, 
of mde = bf =o 
whence n, = k(ky — ap)/b. When p = 0, let n, = (m,)9, so that 


m,|(ts)o = 1 — ap [hy = k/hg. 
Since k/ky = T,/T, the required quantitative parallelism is accounted for. 

Discussion.—From the results described it appears that four distinct effects of the toxic 
substances may be distinguished. 

(I) An influence upon some lag phase reaction. It may be assumed that the lag 
phase is concerned with the slow building up of some substance necessary for cell division. 
The formation may be inhibited by the toxic substance to an extent depending upon its 
concentration. 


(II) Some effect on the actual processes involved in cell division, 
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(III) An effect on the metabolic reactions which go on even when active division has 
ceased. 

(IV) Lethal processes in which the actual death of the cell is accelerated. 

If the natural assumption is made that the different processes are differently influenced 
by poisons, the varied types of curve shown in Fig. 8 can be explained. There is an analogy 
between this separation of effects and the results of Quastel and Wooldridge (Biochem. ]., 
1927, 21, 148, 1224) on the successive deactivations of resting Bact. coli. 


Fic. 8. 


Types of curve obtained by plotting the ratio of growth or gas evolution to that of a blank against 
concentration of toxic substance. 


Type l. Type la. Type 2. . 
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In Type 1 and la the predominant effect must be (II), 7.e., directly affecting the pro- 
cesses involved in division. Whether the curve is linear as in 1 or of the shape shown in 
la will presumably depend upon the shape of adsorption isotherms governing the 
equilibrium between the poison in solution and that taken up by the centres which 
it inactivates. 

In Type 2 the predominant factor is again probably (II), except that there is some 
initial ‘‘ tolerance ’’ due to the fact that some of the poison is taken up and neutralised by 
the organisms or the medium, probably the latter. 

In Type 3 the poison probably inhibits some lag phase reaction, with the result that 
the cell dies before it has elaborated substances necessary for division. Unless it dies, 
normal growth occurs, the division reactions being apparently somewhat less sensitive 
to the poison. In Type 3a, effect (II) predominates, as in Type 1, over a limited range, 
but is eventually superseded by (I). Effect (III) requires no more discussion at this stage. 
Effect (IV) is considered in the following paper. 

In a tentative way we may now, on the basis of these results, analyse certain stages of 
the growth process as follows : 

In the lag phase there occurs the synthesis of a necessary intermediate compound : 
reaction A. 

After the lag phase, reaction X occurs, which is rate-determining for reaction Y, in- 
volving carbohydrate fermentation, and for reaction Z, leading to cell division. Reaction 
X is retarded by disinfectants, which explains why the fermentation processes and the 
division process itself are equally affected by phenol. Reaction Z is put out of action 
at some stage by the products of the cells themselves, reaction Y being distinct from it, 
since it can continue well after the onset of the stationary phase. Alternatively, one could 


assume that, at the point where growth stops, reaction A is inhibited, if A were a precursor 
to and involved in Z but not in X. 
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296. Physicochemical Aspects of Bacterial Growth. Part VII. In- 
fluence of Phenol.on the Death Rate of Bact. lactis #rogenes. 


By (Miss) E. A. PooLe and C. N. HINSHELWOOD. 


The influence of phenol on the death rate of cells of Bact. lactis @rogenes is quantit- 
atively smaller than the influence on the division rate. It depends upon the stage 
of growth at which the phenol is added. Viable counts confirm that the stationary 
phase is not due to a simple balancing of death rate and division rate, but depends 
upon an actual cessation of division. 


THE death of bacteria is known to follow the law n = ne, where mp is the number of 
living organisms initially and m the number at time ¢. According to this law, the life of 
individual cells must vary, the mean survival 

time, S, being 1/a, and the chance that a 7? : < Ti 





given cell lives for a time greater than ¢ e 
being e~ #8, re) 

In continuation of the studies in Part VI 
(preceding paper), the influence of phenol 
on S has been determined for Bact. lactis 
@rogenes. 

Viable counts were determined by the 
method of Penfold (J. Hyg., 1914, 14, 215). 
Two series of experiments were made. In 
the first the organism was grown without: 
phenol in the glucose—phosphate medium till 
the total count just became constant. Phenol 
was then added, and viable counts made at 
intervals. From the slope of the curve of log 
(count) against time, 2, and hence S, can be 
calculated. 

The figure shows the total and viable 
counts as a function of time in the absence 
of phenol. The horizontal portion of the 
curves is important. The fact that the total 
count, as well as the viable count, remains 5 
constant for a considerable time indicates 2 6 RP eR, 2000 
that there is no mere balancing of division Minutes from moculation- 
rate and death rate in this region, but that Growth curve for glucose~phosphate medium contain- 
the phase of division ceases entirely and is 18 %° Phenol, showing total and viable counts. 
succeeded by a stationary phase. Only after Key.::; @, Total count. O Htable connt. 


this has lasted some time does death occur at the rate given by the logarithmic law 
followed in the final phase. 


The values of S for the logarithmic decline phase are given in the following table. 
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Under these conditions the influence of the phenol on S is , much smaller relatively 
than its influence on the mean generation time or on mg. 

- In the second series the death rate of inocula taken from a 12-hour ddituire was measured. 
When introduced into a new medium the inocula-began to die off at-a rate which could 
be measured before division set in: With no phenol present the magnesium had to be 
omitted from the medium or division began too ‘soon for this to be possible (cf. Part V; 
J., 1939, 1692). In these circumstances, S, although initially greater than in the-presence 
of the metabolic products (series 1) is very much more sensitive to the action of the poison 
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(following table), a fact probably connected with the greater age of the culture in the 
second series. 


























0-00 0-039 0-118 
(725) 76 28 

(In this series the initial viable counts were about 500 times smaller than those of series 
1, viz., 10° bacteria per c.c. compared with 5 x 108.) 

A quantity of phenol which is just sufficient entirely to inhibit growth (Part VI, Fig. 10) 
lowers the mean survival time in series 1 to about 70 mins. and in series 2 to about 22 mins. 
The mean generation time in the glucose-phosphate medium without phenol is 46 mins. 
If the effect of the phenol were principally on the death rate, then, with S = 22, the pro- 
portion of each generation which could survive until fresh division occurred is easily shown 
to be e~4622, which corresponds to about 12-4%. With S = 70, the proportion of each 
generation surviving for a new mean generation time would be 52%. At the concentration 
of phenol to which these numbers correspond division, in fact, is completely inhibited. 
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297. The Preparation of Some Derivatives of Sulphanilamide. 


By WESLEY COCKER. 


A series of compounds of the type X*NH-C,H,°SO,"NY°CH,Z (p) have been pre- 
pared in which X is H or acetyl, Y is H or alkyl, and Z is CN, CO-NH, or CO,R. 
These substances have been examined for useful therapeutic properties, but so far the 
majority of them have proved of little value. 







THE success which has attended the use of 2-sulphanilamidopyridine* (M. & B. 693) and 
its derivatives in chemotherapy prompted the preparation of a series of compounds differ- 
ing from it only slightly in atomic arrangement. This compound has the skeleton (I) 
and it was felt that compounds of the type (II) should have interesting and possibly useful 
therapeutic properties. The latter expectation has not been realised, but it has been 


@) NK > —SOyNCNC NX >—-SOgN-GGN (TL) 


found that these nitriles have toxic properties which increase as the substituent at N? is 
varied from H to CH, and then to C,H;. On the other hand, this change gives an increase 
in therapeutic value, but insufficient to counterbalance the increase in toxicity. Thus in 
tests on mice the compound CH;°CO-NH-C,H,SO,NR-CH,CN when R = H is com- 
parable in toxicity with “ sulphanilamide,” but the latter is seven times more active 
than the former in mice infected with a virulent culture of group A, hemolytic stre 

When R = CH; or C,H,, the activity of the nitriles is greater than that of “ sulphanil- 
amide ’’ but the therapeutic dose is unfortunately near the lethal dose. 

The corresponding amides are neither toxic nor of therapeutic value. 

These nitriles and amides are easily converted into the corresponding esters. For 
instance, in an early experiment designed to give sulphanilamidoacetic acid, N‘*-acetyl- 
sulphanilamidoacetonitrile was hydrolysed on the water-bath with concentrated hydro- 
chloric acid for one hour, the solution evaporated to dryness, and the residue left over- 
night over caustic soda in an evacuated desiccator to remove traces of water and entrained 
hydrochloric and acetic acids. The required amino-acid hydrochloride was then separated 
from ammonium chloride, produced in the hydrolysis, by extraction with boiling absolute 
alcohol during five minutes. The alcoholic extract was evaporated to dryness and it was 
then intended to use the calculated quantity of caustic soda to decompose the hydro- 
chloride. It was, however, noticed that this could be performed by using even an excess 
of sodium bicarbonate without the product dissolving as its sodium salt, and in fact the 


* Nomenclature and numbering are due to Crossley, Northey, and Hultquist (J. Amer. Chem. Soc., 
1928, 60, 2217). 
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product was proved to be ethyl sulphanilamidoacetate. Similar results were obtained 
by treatment of N*-acetyl-N1-methyl- and -ethyl-sulphanilamidoacetonitriles in like manner 
and the methyl esters are also produced by this method. Thus esterification of the amino- 
acid hydrochlorides takes only a few minutes. 

It was also discovered that the hydrolysis of these esters is not easy, and those in which 
the substituent at N1 is alkyl were only completely soluble in 2N-sodium hydroxide after 
heating for one hour on the water-bath. Interchange of ester group from ethyl to methyl 

can be performed, however, by hydrolysis of the ethyl ester with concentrated hydrochloric 
acid, followed by the esterification process indicated above. 

This ease of esterification is doubtless associated with the acidic strength of the hydro- 
chlorides of the amino-acids, which, owing to the presence of two kationoid groups within 
the molecule (III), must be quite strongly acidic. 


+ + 
(uI1,) HNC )—S0yNX-CH,'COH HNC >—SOyNX-CHyCO,R (IVv.) 


Another point of theoretical interest concerning the hydrochlorides of the esters of 
the type (IV) is the ease of dissociation in water of that in which X and R = C,H;. This 
compound, when stirred into water, yields the free base, but when X = C,H, and R = CH, 
or when X = CH, and R = C,H, this is not the case. Obviously all these esters must be 
weakly basic, but certainly on the theoretical order of electron-releasing effects of alkyl 
groups (C,H, > CH, > H) it would be expected that those bases in which X and R = C,H, 
would be most basic and their salts should show the least tendency to dissociate in water. 
It appears that we have another instance of alkyl groups failing to follow the theoretical 
order. 

EXPERIMENTAL. 


N*-A cetylsulphanilamidoacetonitrile—Acetylsulphanilyl chloride (70 g.) (Stewart, J., 
1922, 121, 2558; ‘‘ Organic Syntheses,”’ 5, 3) was ground to a paste with water (150 c.c.) and 
added all at once to a concentrated aqueous solution of aminoacetonitrile hydrogen sulphate 
(40 g.) (Anslow and King, J., 1929, 2463). The mixture was thoroughly agitated, and 3n- 
sodium hydroxide (350 c.c.) slowly added during 3 hours. The clear solution obtained was 
filtered, cooled with ice, and acidified with concentrated hydrochloric acid. The precipitate 
was freed from acid by washing with water. On crystallisation from hot water the required 
nitrile (54 g.) was obtained in flat, silvery plates, m. p. 194—-195° (Found: C, 47-5; H, 4-7. 

C,9H,,0,N,S requires C, 47-4; H, 44%). 

N*-Acetylsulphanilamidoacetamide.—The above nitrile (5 g.) was added little by little to 
concentrated sulphuric acid (10 c.c.), the mixture being agitated during each addition. The 
temperature slowly rose to 45°, and was then raised to 85° for 5 minutes. The straw-coloured 
solution was cooled and poured on ice, and the precipitate washed free from acid. It 
crystallised from hot water in long, colourless, rectangular prisms (5-2 g.), m. p. 224—225° 
(Found: C, 44-9; H, 5-0. CC, ,H,,0,N,S requires C, 44-3; H, 4-8%). 

Ethyl Sulphanilamidoacetate.—The nitrile previously described (3 g.) was heated for 2 hours 
with concentrated hydrochloric acid (20 c.c.) on the water-bath, and the mixture then evaporated 
to dryness. The residue was extracted during 5 minutes with boiling absolute alcohol, and the 
extract filtered from ammonium chloride. On concentration it yielded ethyl sulphanilamido- 
acetate hydrochloride (3 g.), which crystallised from a small volume of absolute alcohol in tufts 
of pointed prisms, m. p. 175° (Found: C, 41-2; H, 5-5. C,9H,,O,N,S,HCl requires C, 40-8; 
H, 5-1%). The hydrochloride, dissolved in- water, was neutralised with sodium bicarbonate 
and the free ester which separated was washed with water and crystallised from dilute alcohol, 
forming long, colourless needles, m. p. 92° (Found: C, 46-6; H, 5-4. C,9H,,O,N,S requires 
C, 46-5; H, 5-4%). This ester is readily obtained from its amide by a similar process. The 
acetyl derivative of the above ester was prepared by heating the ester (0-5 g.) with acetic 
anhydride (0-2 g.) for 1 hour on the water-bath. The excess of the anhydride was removed 
in a vacuum, and the residue poured into water. The oil which was deposited soon became 
solid; after being washed with water, it crystallised from dilute alcohol in long, colourless, 
feathery needles, m. p. 128° (Found : C, 47-7; H, 5-1. C,,H,,0,N,S requires C, 48-0; H, 5-3%). 

Methyl Sulphanilamidoacetate.—The ethyl ester (0-5 g.) was hydrolysed for 1 hour on the 
water-bath with concentrated hydrochloric acid (10 c.c.); the residue, after evaporation to 
dryness, was esterified by boiling methyl alcohol (30 c.c.) for 10 minutes, and the methyl ester 
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obtained from its hydrochloride by neutralisation with sodium bicarbonate. The ester 
crystallised from dilute methyl alcohol in large, colourless plates (0-3 g.), m. p. 88-5—89° 
(Found: C, 43-9; H, 4-7. C,H,,0,N,S requires C, 44-2; H, 4-9%). 

N‘*-Acetyl-N1-methylsulphanilamidoacetonitrile-—N*-Acetylsulphanilamidoacetonitrile (10 g.), 
dissolved in methyl alcohol, was treated with sodium methoxide (1-5 g. of sodium in 20 c.c. of 
methyl alcohol) and the resultant solution was refluxed overnight with methyl iodide (18 g.; 
3 mols.). The alcohol was distilled off, and the residue made alkaline with sodium hydroxide 
and poured into a large volume of water. The oil deposited rapidly solidified; after being 
washed with water, it crystallised from hot water (charcoal) in flat, colourless needles or plates 
(4 g.),,m. p. 158—159° (Found: C, 49-4; H, 5-0. C,,H,,;0,;N;S requires C, 49-4; H, 4-9%). 
The nitrile (1-4 g.), treated with concentrated sulphuric acid (5 c.c.) in the manner previously 
described, yielded N*-acetyl-N'-methylsulphilamidoacetamide (1-1 g.), which crystallised from 
hot water in large, flat colourless plates, m. p. 185—186° (Found : C, 46-3; H, 5-5. C,,H,,0,N,S 
requires C, 46-3; H, 5-3%). 

Ethyl N}-methylsulphanilamidoacetate was prepared from N‘-acetyl-N1-methylsulphanil- 
amidoacetonitrile (5 g.) by hydrolysis with concentrated hydrochloric acid (20 c.c.), followed 
by treatment with absolute alcohol as described for the lower homologue. The product 
crystallised from dilute alcohol in colourless needles or long prisms (1-5 g.), m. p. 115° (Found : 
C, 48-9; H, 6-0; N, 11-1. C,,;H,,0,N,S requires C, 48-5; H, 5-9; N, 103%). 

Methyl N*-methylsulphanilamidoacetate crystallised from dilute methyl alcohol in long 
colourless needles, m. p. 105—106° (Found: C, 46-1; H, 5-3. C, 9H,,O,N,S requires C, 46-5; 
H, 5°4%). 

N‘*-Acetyl-N}-ethylsulphanilamidoacetoniivile was obtained by the ethylation of N*-acety]- 
sulphanilamidoacetonitrile with ethyl iodide in presence of sodium ethoxide. It crystallised 
from dilute alcohol in colourless plates, m. p. 128—128-5° (Found: C, 51-2; H, 5-2. 
C,,H,,0,N,S requires C, 51-2; H, 53%). The corresponding amide, prepared as previously 
described, crystallised from hot water in long, colourless prisms, m. p. 167—168° (Found: C, 
48-0; H, 5-6; N, 13-7. C,,H,,0,N,S requires C, 48-1; H, 5-7; N, 14-0%). 

Ethyl N}-ethylsulphanilamidoacetate, prepared from the above nitrile (2 g.), crystallised from 
alcohol in needles or long prisms (1-5 g.), m. p. 88—89° (Found: C, 50-5; H, 6-1; N, 10-2, 9-9. 
C,2H,,0,N,S requires C, 50-35; H, 6-3; N, 9-8%).. The methyl ester obtained in a correspond- 
ing manner, crystallised from dilute methyl alcohol in flat, colourless prisms, m. p. 85° (Found : 
C, 48:3; H, 5-6. C,,H,,0,N,S requires C, 48-5; H, 6-0%). 


The author desires to express his thanks to Professor W. N. Haworth, F.R.S., for arranging 
for some of the analyses to be performed in the Chemistry Department of the University of 
Birmingham, to Mr. A. Campbell of this Department for the remainder of the analyses, and 
to Mr. W. W. Cocker of Messrs. Dickinson and Son, Accrington, for his help in arranging for 
the therapeutic tests by Messrs. Evans Sons, Lescher and Webb, Ltd., of Runcorn. 
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Alkylamino-acids, preparation of, and their electro- 
metric titration, 1290. 

— laminoazobenzene-4’-arsonic acids, synthesis of, 
57 

p~Alkylbenzhydryl chlorides, substitution in, 949. 
halides, hydrolysis of, in aqueous acetone, 971. 

Alkyl ketones, constitution, physical properties, and 
preparation of, 171. 

1-Allyicyclohexanyl 3:5-dinitrobenzoate, 14. 

Allylidenecyclohexane, preparation and spectrum of, 
1462. 

Altrose series, Walden inversion in, 319. 

Aluminium chloride, compound of, with hydrogen 
cyanide, 407. 

Aluminium lakes of azo-dyes, structure of, 603. 
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Amines, aromatic, nuclear alkylation of, 388. 
Be... — acid on, 1286. 


mino-sugars, 
fatale Tied, ot anions enl te ubgtiens 
methyl acetates, 1360. 
n-Amylaminoacetic acid, and its derivatives, 1292. 
4-Amylaminoazobenzene-4’-arsonic acids, 577. 
5-n-Amyl-1:2-benzanthracene, 304. 
5-n-A myl-7:8-dihydro-1:2-benzanthracene, 304. 
f-Amyradienol, and irs derivatives, 1198. 
B-Amyradienone, and its oxime, 236. 
a-Amyradienyl acetate, oxidation of, 1196. 
a-Amyradionyl acetate, 1198. 
p-Amyranonyl acetate enol-acetate, 1512. 
benzoate, 235. 
epi(iso)-c-Amyrenonyl acetate, 1197. 
p-Amyrin benzoate, oxidation of, 230. 
Analysis, microchemical, of gases, 1300. 
qualitative, semimicro-, 1258, 1263. 
Anhydrides, acid, aliphatic, io, physical properties of, 32. 
Anhydrocellobiosazone, its penta-acetyl deriv- 
ative, 1480, 
3:6-Anhydrogalactonic acid, methyl ester, 631. 
3:6-Anhydrogalactose, properties of, 620. 
3:6-Anhydrogalactose dimethylacetal, and its 2:4:5- 
tri-p-nitrobenzoyl derivative, 630. 
3:6-Anhydro-a-methylgalactopyranoside, 624. 
3:6-Anhydro-8-methylgalactopyranoside, 629. 
Anhydromethylhexosides, 1479. 
1-Anilinobenzthiazole, 193. 
a-Anilinofumaric acid, a-p-amino-, acetyl derivative, 
ethyl ester, 1167. 
Anions, toxic elements in, 252. 
Anisole, 2-bromo-4-nitroso-, 2-fluoro-4-nitroso-, and 
2-iodo-4-nitroso-, 812. 
3-fluoro-4-amino-, ”6-amino-, and its acetyl deriv- 
ative, -4-nitroso-, and 6-nitroso-, 1270. 
= acid, and 5(or 3)-nitro-2-cs-3’-nitro-, 


p-Anisoyl-2-hydroxy-1-naphthoylmethane, 1500. 
2-p-Anisoyloxy-l-acetonaphthone, 1499. 
mere er wer meee oem 1372. 
p-Anisoyl-p-toluoylmethane, 250 
p-Anisyl isocyanodichloride, 193. 
p-Anisyl a-bromo-p-methylstyryl ketone, 250. 
p-Anisyl af-dibromo-f-p-tolylethyl ketone, 250. 
o-Anisyl 6-hydroxy-2:3-benzostyryl ketone, 818. 
o-Anisyl 6-methoxy-2:3-benzostyryl ketone, 818. 
p-Anisyl p-methylstyryl ketone, 250. 
p-Anisyl-p-tolylisooxazoles, 251. 
Anisyltrimethoxyphenylacrylic anhydride, 200. 
a~p-Anisy|-8-(3:4:5-trimethoxyphenyl)acrylic acid, and 
its esters, 199. 
o-p-Anisyl-f-(8:4:5-trimethoxyphenyl)ethane, a-cyano-, 


op Anlayi-£-(8: 4:5-trimethoxyphenyl)ethylene, a- 
cyano-, 200. 

a~p-Anisyl-£-(3:4:5-trimethoxyphenyl)propionic acid, 
and its p-phenylphenacyl ester, 200. 

B-p-Anisyl~y-(3: sosebeaabounisiaitinn 
and its derivatives, 200. 

Annual General Meeting, 479. 

Poorer da 13:89 Soe tligre (a age So 

- its 

derivative, 427. tine Ts 

Anthraquinone-1-carboxylic acid, 6-chloro-, 1475. 

N-2-Anthrylauramine, and its hydrochloride, 463. 

Antimalarials, 314, 1164. 

Antiplasmodial action and chemical constitution, 
1307, 1315.. 

Arabic acid, constitution of, 74, 79, 1035. 

Aromatic a polycyclic, formation of, from 

unsaturated ketones, 636. 

structure of, 446, 819. 
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o-Aroylacetoarones, conversion of, into o-hydroxy- 
diaroylmethanes, 1499. 
Arsanthren preparation of pres 1188. 
Arsenic, 3-covalent, stereochemistry of, 1 
Aryl tsocyanodichlorides, reactions of, iol, 
Arylamines, reaction of, with benzoins, 347. 
Arylazo-bis-oximes, constitution of, 653. 


Arylhydrazines, reaction of, with halogenated alde- 
hydes, 813. 
nitro-, mol. wts. of, 166. 


Arylhydrazones, 
Aryl nuclei, union of, 1284. 
Arylpyridines, 349, 355, 358, 1279. 
Arylthiocarbimides, action of chlorine on, 191. 
dl-Asparagine, preparation of, 1489. 
Aspartic acid, ethyl ester, and its derivatives, 1490. 
= acid, preparation of, and its derivatives, 
Aspidospermine from Vallesia species, 1051. 
Atoms, report of Committee on, 1416. 
Atomic weights, report of Committee on, 475. 
table of, 478. 
Atropic avid, methyl ester, action of Grignard re- 
agents on, 840. 
Auramine, derivatives of, 461. 
— dyes, N-substituted, absorption spectra of, 
1 


Azo-dyes, aluminium lakes of, 603. 
copper lakes of, 608. 
vanadium lakes of, 1064. 
Azo-groups as chelating group, 653. 


B. 


Bacteria, growth of, physical chemistry of, 1565, 1573. 
Bacterium lactis aerogenes, effect of phenol on death 
rate of, 1573. 
effect of toxic a on growth, population, and 
fermentation of, 1565 
Beeckeol, structure and synthesis of, 425. 
synthesis of, 1208. 
Balance sheets, 494. 
Banana starch. See under Starch. 
Barbituric acid, spectrum of, absorption ultra-violet, 
1275. 
Barium, determination of, volumetrically, with barium 
rhodizonate, 401. 
Bases, aromatic, complex, formation of, with poly- 
nitro-com: 1539. 
dissociation constants of, 1451. 
Bassic acid, constitution of, and its derivatives, 713. 
Benzaldehyde, reaction of, with acetophenone, 1295. 
Benzaldehyde, o-bromo-, 2:4-dinitrophenylhydrazone, 
449. 
hydroxy-derivatives, ape ma ee of, 1351. 
p-substituted derivatives, tion potentials 
of, with dropping mercury cathode, 692. 
henylmethylhydrazone, 7 of, 170. 


p-Benzamidophenylpyridines, 
Benzanthracene photo-oxides, 1125. 


| 1:2-Benzanthracene, 9 and its picrate, 410. 


1:2-Benz-10-anthramide, 4 
1p Bemmathonayt Ub-acstelichote, and its deriv- 
atives, 411. 
1:2-Benzanthranyl-10-acetic acid, Tg 411. 
1:2-Benzanthranyl-10-glyoxylic acid, 4 
6:13-dichloro-, and le 
1475. 


Benzanthrones, 13-halogeno-, nitration of, 1474. 
5:6-Benz-4-carboline, 3-chloro-, 316. 
3:10-dichloro-, 317. 


Se ee 
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Benzene, 2:6-dichloro-, and 2:4:6-trihalogenonitro-, 
reactions of, with mercaptide reagent, 1525. 
o-chloronitro-, and chloro-2:4-dinitro-, complex 
formation of, with diphenylamine, 1541. 
1:2:3:4-tetrah ydroxy-, derivatives of, 1092. 
Bensoneaso-By-diehloro-d*-butylen, 2:4-dibromo-, 
81 
Benzeneazo-f-naphthol, o-hydroxy-, aluminium deriv- 
atives of, 606. 
vanadium derivatives, 1068. 
 - nineneeteerrmeers acid, copper salt, 
Benzeneazo-f-naphthol-6-sulphonic acid, 2’-hydroxy-, 
vanadium derivative, 1069. 
Benzeneazo-8-naphthylamine, 
salts, 612. 
vanadium derivatives, 1068. 
Benzeneazoresorcinol, o-hydroxy-, vanadium deriv- 
ative, 1068. 
Benzenediazonium salts, p-hydroxy-, decomposition 
of, by alcohols, 1150. 
Benzenesulphinic acid, potassium hydrogen salt, 862. 
4-(Benzenesulphonamidobenzenesulphony])piperazine- 
—— acid, 4-p-acetyl derivative, ethyl ester, 


2-Benzenesulphonamidopyridine,  3’-amino-4’-hydr- 
oxy-, 3’-nitro-4’-amino-, and its acetyl derivative, 
and 3’-nitro-4’-hydroxy-, 203. 
1-Benzenesulphonylpiperazine, 1-p-amino-, 204. 
4-Benzenesulphonylpiperazine-l-carboxylic acid, 4-p- 
amino-, and its acetyl derivative, ethyl esters, 204. 
Benzhydryl chloride, ater tts of, in acetone, 920. 
m-chloro-, halogen exchange between halide ions 
and, in sulphur dioxide solution, 1017. 
halides, drolysis of, in aqueous acetone, 966. 
nucleophilic substitution of, in sulphur dioxide 
aden, 1011. 
3:4-Benzocoumarin, 7- worm 1395. 
5:6-Benzoflavylium chloride, 2’-hydroxy-, 818. 
Benzoin, resolution of, 336. 
Benzoins, reaction, of, with arylamines, 347. 
d- = l-Benzoins, 5- (a-phenyipropyl)semicarbazones, 
Benzonitrile, 2-chloro-4-nitro-, 1523. 
Benzonitriles, mobility of groups in, 1521. 
p-Benzoquinone, detection of, colorimetrically, 1374. 
4-oxime, 2-bromo-, 2- fluoro-, and 2-iodo-, deriv- 
atives of, 812. 
p-Benzoquinone, tetrahalogeno-derivatives, action of 
pyridine on, 1378. 
o-Benzoquinonebisphenylimines, 4:2’- and 4:4’-di- 
fluoro-4’- and -2’-hydroxy-, 207. 
o-Benzoquinone-1-phenylimine, 4: 2’-difluoro-4’-hydr- 
oxy-, acetylation of, 206. 
$:4-Bengo-1:2:10:11-tetrahydrofluorenone, 1327. 
ee ee ee 
y-Benzoylbutyric acid, 5-chloro-4-nitro-2-amino-, 2- 
acetyl derivative, 285. 
y-4-nitro-2-amino-, 2-acetyl derivative, 285. 
Benzoylcholine iodide, 422. 
6-Benzoylcoumarin-3-carboxylic acid, 5-hydroxy-, 247. 
N -Bengoyl-2:6’-dimethyldiphenylamine-2’-carboxylic 
acid, and its methyl ester, 273. 
N-Benzoyldiphenylamine-2-carboxylic acid, 4:6-di- 
chloro-, and its methyl ester, 273. 
N-Benzoyl-4:4’-dipiperidyl perchlorate, 1312. 
Benzoyl-2-hydroxy-1-naphthoylmethane, 1500. 
ap ty oy vote emcee ‘-naphthylethylcyclohexan- 
one, 2-B-o-hydroxy-, 8 
N- onaiiicnenstindan@eihunte acid, 
and its methyl ester, 272. 
N-Benzoyl-6’-methyldiphenylamine-2’-carboxylic acid, 
2-chloro-, and its brucine salt and methy] ester, 274. 


2’-hydroxy-, 


copper 
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Benzoyl-f-naphthoylmethane, 250. 
$-Benzoyloxycholestan-4-one 5:6-oxide, 63. 
5-Benzoyloxytoluene, 2-hydroxy-, 330. 
— and its semicarbazone, 
8:4-Bens-£-phenanthraldehyde, and its semicarbazone, 


3:4-Benzphenanthramides, 1160. 
3:4-Benz-1-phenanthranilide, 297. 
:4-Benzphenanthrene, 1- and 2-alkyl derivatives of, 


3:4-Benz-1-phenanthroic acid, ethyl ester, 1161. 
ee acid, and its methyl ester, 
3:4-Benz-2-phenanthronitrile, 1161. 
3:4-Benz-2-phenanthryldimethylcarbinol, 298. 
Bengzpinacol, action of potassium on, 251. 
Benzyl radical in synthesis of methylated sugars, 453. 
4-Benzylaminoazobenzene-4’-arsonic acid, 577. 
r-Benzyldeoxybenzoin, and its 2:4-dinitrophenyl- 
hydrazone, 843. 
w-Benzylideneacetophenone, 4-chloro-, 1295. 
— 2- and 3-hydrazino-a-methylaltrosides, 
Benzylidenephthalimidine, 3-cyano-, and _ 1-imino- 
3-cyano-, 1078. 
2-Benzylidene-a-tetralone, 638. 
4-Benzyl-2-methylresorcinol, 247. 
6-Benzyloxy-2-methoxyacetophenone, 1373. 
Beryllium sulphate, hydrolysis of, 582. 
NN’-Bis-(5’-aminoamy])benzidine, and its tetrahydro- 
chloride, 1319. 
wu v’-Bis-£’-amino-t'~ -thiazolylalkanes, synthesis of, 


1:4:Bis-2’-amino-4’-thiazolyl-n-butane, and its di- 
hydrochloride, 1305. 

1:10-Bis-2’-amino-4’-thiazolyl-n-decane, and its di- 
hydrochloride, 1306 

1:6-Bis-2’-amino-4’ -thiazolyl-n-hexane, and itsdihydro- 
chloride, 1305. 

1:8-Bis-2’-amino-4’-thiazolyl-n-octane, and its di- 
hydrochloride, 1306. 

erence and its dihydrochloride, 
13 . 

NN’-Bis-(5”-benzamidoamyl)benzidine di-p-toluene- 
sulphonate, 1319. 

Bis-(p-bromophenylthiocarbimide) oxide, 193. 

1:4-Bischloroacetyl-n-butane, 1305. 

1:6-Bischloroacetyl-n-hexane, 1305. 

— —— oro-a-hydroxyethyl) selenide and sul- 
phi y 

1:4-Bisdiazoacetyl-n-butane, 1305. 

1:1’-Bis-(8-diethylaminoethyl)dipiperidyls, and their 
tetrapicrate, 1319. 

1:10-Bis-(y-diethylaminopropylamino)decane, 1320. 

Se and its 
hydrobromide, 1320 

NN’-Bis-(~-diethylaminopropy!)benzidine, and its tetra- 
hydrobromide, 1319. 

laminophenyl) methane, action of nitrous 

acid on, 1288. 

as” —~ eppecperreener atta and its derivatives, 

aa-Bis(ethylsulphonyl)propane, y-chloro-, 1562. 
y-iodo-, 1563. 

1:1-Bis(ethylsulphonyl pane, 1563. 

ees @-propene, and y-hydroxy.-, 


Pe — ae y-bromo-, 1563. 
af-Bis(ethylsulphonyl)-4*-propene, 1556. 
Bis(ethylsulphonyl)propionic acid, 1565. 
aa-Bis(ethylthio)-8-n-butylthiopropane, 1558. 
‘pee y-chloro-, and y-hydroxy-, 
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aa-Bis(ethylthio)-4¢- and -48-propene, 1551. 
af-Bis(ethylthio)-4*-propene, 1555. 
NN’-Bisnitrosoacetylbenzidine, 1383. 
—= N’-phenylcarbamyl-ar-octahydrodinaphthyline, 
20 
Bis(phenylthiocarbimide) oxide, 193. 
4:4’-Bis-( 8-piperidino-o-hydroxyethyl)diphenyl, 1317. 
ao epipmernenerercenzer dibromodi- 
iodo- 
1:10-Bis-p-toluenesulphonylaminodecane, 1320. 
1:6-Bis-p-toluenesulphonylaminohexane, 1319. 
Bis(tolylthiocarbimide) oxides, 193. 
Bis(tri-n-butylphosphine)-:-di-iodocadmium-mercury, 
dtiodo-, 1233. 
Bis(tri-n-propylarsine)-y-dibromopalladium-mercury, 
dibromo-, 1234. 
Bis(tripropylphosphine)-y-dibromocadmium-mercury, 
dibromo-, 1 
Bi tri-n-propylphorphine)-y-di-lodocadminm-mereury, 
ti 1 
Bis(tripropylphosphine) mercury, diiodo-, 1234. 
Bordeaux extra, adsorption of, at mercury—water 
interfaces, 596. 
Brein, and its derivatives, 798. 
Bromine :— 
Hydrobromic acid, addition of, to non-terminal 
double bonds, 68. 
Butaldehyde, aaff-tetrachloro-, N-acetyl-2:4-dibromo- 
phenylhydrazone, 816. 
n-Butyl alcohol, a of, with phosphorus chlorides 
and oxychloride, 1 
n-Butyl romide, a of, with water and 
anions in formic acid solution, 940. 
iert.-Butyl bromide, hydrolysis of, in acetone, 913, 960. 
in aqueous formic acid, 945. 
in aqueous solution, 925. 
olefin elimination from, 899. 
chloride, substitution of, with water and anions in 
formic acid solution, 935. 
a-n-Butyladipic acid, 640. 
Butylaminoacetic acids, and their derivatives, 1292. 
4-Butylaminoazobenzene-4’-arsonic acids, 577. 
sec.-Butylaniline, 576. 
5-n-Butyl-1:2-benzanthracene, 304. 
her res acid, 
sec.-Butylearbinylaniline, 576. 
5-n-Butyl-7:8-dihydro-1:2-benzanthracene, 304. 
2-n-B one, and its semicarbazone, 641. 
sec.-Butylpyridinium ferrocyanide, 229. 
n-Butylquinolinium chloroplatinate, 225. 
a-n-Butylthiopropaldehyde, and its 2:4-dinitropheny]l- 
hydrazone, 1558. 
Butyric acid, d-f-chloro-8-nitroso-, /-menthyl ester, 
“— dichroism and rotatory dispersion of, 


seiepaenmnteGuntuntts acid, 5-hydroxy-, 246. 


C. 
TR halides, arsine and phosphine derivatives, 
Sr ee and a salts and derivatives, 412. 
d-isoCamphane, 34 
Camphor {a phenylethyl)- and §-(a-phenylpropy))- 
semicarbazones, 338. 
Camphor, a-nitro-, mutarotation of, in chlorobenzene 


solution, 1202. 


Cannabidiol from Egyptian hashish, and its bis-3:5-di- 
nitrobenzoate, 


Cannabinol, structure of, 649. 
synthesis of, 1393. 
Cannabis indica, 649, 1118, 1121, 1393. 
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o-Carbamylbenzoylacetic acid, and its methyl ester, 

1074. 
B-o-Carbamylphenylpropionic acid, B-hydroxy-, 1075. 
2-Carbamyl-1-thionaphthen, 3-hydroxy-, 327. 
Carbanilide, chloronitroso-derivatives, 367. 

nitroso-, 367. 
Se acid, ethyl ester, 
a-Carbethoxybenzy! chlorosulphinate, 228. 
a-Carbethoxybenzylpyridinium ferrocyanide, 228. 
a-Carbethoxyethyl n-butyl sulphite, 227. 

carbonate, 230. 

a-Carbethoxyethylquinolinium chloroplatinate, 225. 
4°" weoeose acid, ethyl ester, 


a-( (a-Carbethoxyethylthio}ethylidenemalonic acid, ethy 


Carbethoxymethylenephthalimidine, 3-cyano-, 1078. 

B-Carbethoxymethylthiocrotonic acid, ethyl ester, 1386. 

5-Carbethoxy-2-phenyl-5-methylcyclohexanone-6-f- 
propionic acid, ethyl ester, 850. 

Carbinolamines from naphthalene and quinoline, 1307. 

a-Carbobenzyloxyamido-5-ketohexoic acid, «-chloro-, 
benzyl ester, 709. 

Carbobenzyloxycystine, 8-bromoethy] ester, 424. 

Carbobenzyloxycystinyl choline iodide, 424. 

Carbobenzyloxyphenylalanylcholine iodide, 425 

N-Carbobenzyloxythyronine, 1103. 

Carbohydrates, sulphuric esters of, 1475. 

4-Carboline, derivatives of, 314. 

Carbon atoms, saturated, substitution at, 913, 920, 
923, 935, 940, 945, 949, 956, 960, 966, 971, 974, 
979, 1011, 1017. 

reaction of, with water vapour, 177. 
rings, fused, 720, 727. 

out. tetrachloride, adsorption of, 159. 

dielectric constant of, 894. 
monoxide, preparation of, from carbonates, 213, 

Carbonyl compounds, condensations of, 1295. 

ay” tenement: acid, 

a pam scent ies races vanadyl complex, 


o-Guienphemascsant-onaghihel betes acid, 
cupric salts, 611. 
or benzeneazo-f-naphthylamine, copper salts, 
6-Carboxy-3:4-dimethoxyphenylpropionic acid, af-di- 
bromo-, 1209. 
Carboxyl ions, polar effect of, 956. 
3-Carboxymethylenep| anes ester, 1074. 
2-Carboxyphenylthiolacetamide, 326 
Carenes, condensation of, with maleic anhydride, 702. 
Catalysis, acid, in ——_ eous solvents, 1202. 
by ig net chlorides, styrene polymerisation, 775, 
Catalysts, platinum, poisoning of, by metals, 469. 
hydrogenation, preparation of, 1130. 
Catalytic dehydrogenation, elimination of methyl 
groups in, 1127. 
toxicity. See under Toxicity. 
derivatives of, 1479. 


ls, Upophlie synthesis of, 576. 


drin, p action of 


oto-expansion of, 394. 
edn, Ptr aamton of 3 ga. 
— ‘adsorption of, on chromic oxide, 19, 


dielectric constant of, 894. 
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Chlorosulphinic acid, esters, 218. 
decomposition of, 463. 
Chlorosulphonic acid, esters, 218. 
A**.Cholestadien-3(8)-ol, preparation of, 66. 
4*5.Cholestadien-3-0l-4-onyl-6:6’-(44”*’-cholestadien- 
4’-ol-3’-one), and its derivatives, 65. 
4**.Cholestadien-3-one 2:4-dinitrophenylhydrazone, 
67. 

Cholestane-3:4-dione, and its derivatives, 64. 

epiCholestanol, 1392. 

Cholestanyl phenylurethane, 1487. 

A®-Cholestene-3:4-diones, and their derivatives, 63. 

epiCholesteryl benzoate, 1392. 

4-Cholesterylaminoazobenzene-4’-arsonic acid, 577. 

Choline, esters of, and their oxytocic activity, 419. 

d-isoCho: salts, 745. 

Chondrodendron candidans, microphyllum, and platy- 
phyllum, alkaloids from, 737. 

Chondrofoline, and its salts, 7142. 

Chromium :— 

Chromic oxide, adsorption by, of chloroform, 19, 
162. 

Chromones of naphthalene series, 1499. 

2-Cinnamoyloxy-4-methoxyacetophenone, 1500. 

Caen alcohol, action of, with ethyl acetoacetate, 
1266. 

Claisen’s condensation, mechanism of, 216. 

Coal, composition of, and its extraction with quinol- 
ine, 866. 

d-isoCoclaurine, and its hydrochloride, 744. 

Colchicine, and its derivatives, 194, 198. 

Colchinol methyl ether, carbinol from, and its deriv- 
atives, 197. 

Congo-red, adsorption of, at mercury—water inter- 
faces, 596. 

Constitution, and antiplasmodial action, 1307, 1315. 
and physical properties, 171, 1528. 

Copper lakes of azo-dyes, 608. 

Crotonaldehyde, af-dichloro-, 2:4-dibromo-, and 2:4- 
dichloro-phenylhydrazones, and their acetyl deriv- 
atives, 816. 

Crotonic acid, addition of hydrogen bromide to, 68. 

Crotonylideneacetone semicarbazone, 641. 

Crotonylidenecyclopentanone semicarbazone, 640. 

Curare alkaloids, 737. 

dl-a-Curcumene, synthesis of, and its nitrosate, 451. 

Cyano-esters, saturated and unsaturated, 1528. 

Cyanogen :— 3 
Hydrocyanic acid, studies on, 407. 

tetrapolymer of, 1206. 
Cysteyl choline iodide hydriodide, 424. 


D. 


Deamination, 207. 
trans-Decalin-2:3-diol, 726. 
Dehydto-f-amyrenol, and its benzoate, 236. 
=" bassic acid, methyl ester, and its derivatives, 
Dehydrogenation, 1127, 1134, 1139. 
Dehydromalaccol, 313. 
Dehydro-a-zymostenol, 1489. 
Deoxyquillaic acid, and its derivatives, 616. 
Derris malaccensis, constituents of, 1178. 
patie Bie from, 309. 
3:4-Diacetoxy-4**-cholestadiene, 64. 
4:4’-Diacetyldiphenyl, 4:4’-di-w-chloro-, 1317. 
Diacetyl-2:6-naphthylenediamine, 382. 
aB-Diacetylphenyl-o-tolylhy: 335. 
Diacetyltartarie acid, ethyl ester, rotation of, in 
various solvents, 291. 
m-Dialkylaminobenzaldehydes, condensation products 
of, with reactive methylene groups, 57. 
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8-Diallylamino-o-4’-nitrophenylcinnamonitrile, 58. 

Diamylaminomethoxy-6-methoxy-4-quinolylcarbinols, 
and their dipicrates, 1313. 

epee een dipicrate, 

aa-Dianisylacetic acid, preparation of, 834. 

a ydroxy-, preparation of, 


aa-Dianisyl-f-butanone, preparation of, 834. 

aa-Dianisyl-c-ethylacetaldehyde, preparation of, 834. 

eo B-hydroxy-, preparation 
of, ‘ 

Diaryls, asymmetrical, preparation of, 208. 

Diazo-groups, replacement of, by hydrogen, 207. 

1:4-Dibenzenesulphonylpiperazine, = 1:4-di-p-amino., 
and its acetyl derivative, 204. 

Dibenzoyl-4:4’-dipiperidyl, 1312. 

Dibenzoyldisulphone, 832. 

Dibenzpyran derivatives, synthesis of, 1118. 

Dibenzyl disulphide, reaction of, with sulphury] 
chloride, 641. 

3’-Dibenzylaminostilbene, 2:4-dinitro-, 58. 

2: — 4:6-benzylidene £-methylgalactoside, 


2:3-Dibenzyl 4:6-benzylidene a-methylglucoside, 454. 

2:3-Dibenzyl 4:6-dimethyl f-methylgalactoside, 1148. 

2:3-Dibenzyl 4:6-dimethyl a-methylglucoside, 455. 

Dibenzylmethylcarbinol, 821. 

2:3-Dibenzyl B-methylgalactose, 1148. 

2:3-Dibenzyl a-methylglucoside, 454. 

l-Dibornyl, 347. 

Di-n-butoxyphosphorus chloride, 1466. 

Di-n-butoxyphosphoryl chloride, 1466. 

Dibutylaminomethyl-6-methoxy-4-quinolylcarbinol, 
and its salts, 1313. 

3-Dicarbethoxymethylenephthalimidine, 1074, 1079. 

ee ee l-imino-, 
es: 107 


Di-{}-tethylamincethyt)eatbobenepleayepctine di- 
methiodide, 423. 
— constants and polarisation of alcohols, 


Dienes, conjugated, spectra of, absorption, effect of 


molec environment on, 1453 
ss ice 
2:5-Diethoxy-5’-methyldiphenyl, 2’-cyano-, 1120. 
Diethyl n-butyl phosphate, 1467. 
N*-Diethylaminoalkyl-N'-dialkylsulphanilamides, 686. 
N-£-Diethylaminoethylacetanilide, 691. 
N*-8-Diethylaminoethyl-N *-acetyl-N}-dimethylsulph- 
anilamide, 688. 
3-8-Diethylaminoethylamino-5:6-benz-4-carboline, and 
its dihydrobromide, 316. 
3-8-Diethylaminoethylamino-1:4-dimethylcarbolinium 
disalicylate, 316. ‘ 
3-8-Diethylaminoethylamino-1-methyl-5:6-benz-4- 
carboline dihydrochloride, 317. 
B-Diethylaminoethylaminomethyl-5:6:3’:2’-pyridoquin- 
olines, and their salts, 1166. 
2-8-Diethylaminoethylamino-4-methylquinoline, 
6-nitro-, and ite salts, 1167. ! 
4-§-Diethylaminoethylemino-5:6: 3’:2’-pyridoquinoline, 


N-p-Disthylamincctiplenilion, 691. 
N Phy ese ee er agg Bs 1-diethylsulphanilamide, 
drochloride, 689. 


and its hy 

Nt laminoethyl-N1-dimethylsulphanilamide, 
and its hydrochloride, 689. 

N-£-Diethylaminoethy 

N*-8-Diethylaminoethyl-N"- 
amide, and its hydrochloride, 689. 

1:12-Diethylamino-2:11-dihydroxydecane, and its di- 
picrate, 1318. 


picrate, 


o vy 
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Diethylaminomethyl-6-methoxy-4-quinolylearbinol di- 
hydrochloride, 1313. 
Diethylaminomethyl-1-naphthylcarbinol, and its pi- 
crate, 1310. 
Diethylaminomethyl-4-quinolylcarbinol dipicrate, 1312. 
$-Diethylamino-a-4’-nitrophenylcinnamic acid, 58. 
$-Diethylamino-a-4’-nitrophenylcinnamonitrile, 58. 
y-Diethylaminopropyl chloride, b.p. of, 1320. 
3-y-Diethylaminopropylamino-1:4-dimethylcarbolin- 
ium disalicylate, 316. 
2-y-Diethylaminopropylamino-4-methyl-5:6:3':2’- 
pyridoquinoline, and its hydrobromide, 1166. 
4-y-Diethylaminopropylamino-5:6:3’:2’-pyridoquinol- 
ine, and its picrate, 1168. 
N Fe armectinae stealing 


1-y-Diethylaminopropyltetrahydroquinoline, and its 

dipicrate, 1319. 
3’-Diethylaminostilbene, 4-nitro-, 58. 

2: 4-dinitro-, 58. 
2-m-Diethylaminostyrylbenzthiazole methiodide, 59. 
2-m-Diethylaminostyrylpyridine methiodide, 59. 
Di-n-heptylamine, preparation of, 1314. 
Di-n-heptylaminomethyl-6-methoxy-4-quinolylcarbinol, 

and its dipicrate, 1314. 

Di-n-heptylbenzylamine, 1314. 

Di-4"1-cyclohexene, spectrum of, absorption, 1462. 
Di-n-hexylamine, and its derivatives, 1314. 
Di-n-hexylaminomethyi-6-methoxy-4-quinolylcarbinol, 

and its dipicrate, 1314. 

Di-n-hexylbenzylamine, 1313. 

1:2-Dihydro-3:4-benz-1-phenanthroic acid, 298. 

1:2-Dihydro-1:2-dimethylchrysene, 301. 

= and -8-dunniones, diacetyl derivatives, 

eto, and its diacetyl derivative, 

Dihydrohydroxyhydroisodunniol, tetra-acetyl deriv- 
ative, 1497. 

Dihydrohydroxyhydroallodunnione, 1498. 

a- and £-Dihydromiropinic acids, 685. 

Dihydropentindole, 7-chloro-4-nitro-, 285. 

Dihydropolyporenic acid A, and its derivatives, 1492. 

Dihydropterocarpin, oxidation of, 793. 

Dihydrosarcostin, and its triacetate, 1445. 

2:11-Diketododecane, 1:12-dichloro-, 1318. 

a-Diketones, steroid, 60. 

2:13-Diketotetradecane, 1318. 

2:13-Diketotetradecane, 1:14-dichloro-, 1318. 

l-Dimenthyl, 347. 


oxy-, and their 
Annes anal So mtg 1563. 
6:7-Dimethoxycarbostyril, 120 
3:4-Dimethoxycinnamic acid, Riesinen 1209. 
4:4’-Dimethoxy-aa’-diethylstilbene, synthesis of, 833. 


2’:6’-Dimethoxy-4’:5-dimethylazo 


Dimethoxyflavones, hydroxy-, 1373. 
—e -methyl-4-n-amyldiphenyl, 2’-cyano-, 
4:6-Dimethoxy-3-methyl:sobutyrophenone, 2-hydroxy-, 
and its acetyl derivative, 1208 
2:5-Dimethoxy-5’- -methyldiphenyl, 2’-cyano-, 1120. 
2’:4’-Dimethoxyphenyl-4'-cyclohexene-2-carboxylic 
acid, and its ethyl ester, 1395. 
aB-Dimethoxypropaldehyde diethylacetal, 1563. 
Dimethoxyquaterphenyls, 1381, 1384. 
4:4’-Dimethoxystilbenediol diacetate, 1328. 
3:4-Dimethoxystyrene, w-bromo-6-cyano-, 1209. 
cis-w-bromo-6-cyano-, 1209. 
9:10-Dimethoxy-1:2:9:10-tetra methyl-9:10-dihydro- 
anthracene, 18. 


2-cyano-, 
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gy an ony, luca sar 
1:2-benzanthracene, 

€:10-Dimethory 61 0-inethy-:10-dhydro-:2-bene 


4-Dimethylamino-4’-acetamidoazobenzene, 368. 
4-Dimethylaminoazobenzene-4’-arsonic acid, 577. 
Dimethylaminomethyl-1-naphthylearbinol, 1310. 
3-Dimethylamino-a-4’-nitrophenyleinnamic acid, 58. 
3-Dimethylamino-a-4’-nitrophenylcinnamonitrile, 58. 
3’-Dimethylaminostilbene, 4-nitro-, 58. 
2:4-dinitro-, 57. 
2-m-Dimethylaminostyrylbenzthiazole methiodide, 59. 
2-m-Dimethylaminostyrylpyridine methiodide, 59. 
2-m-Dimethylaminostyrylquinoline methiodide, 59. 
2-m-Dimethylaminostyrylthiazole methiodide, 59. 
2:4-Dimethyl 3:6-anhydrogalactonic acid, and its 
methyl ester, 625. 
2:4-Dimethyl 3:6-anhydrogalactonolactone, 625. 
2:4-Dimethyl 3:6-anhydrogalactose anilide, 625. 
2:4-Dimethy] 3:6-anhydrogalactose dimethylacetal, and 
its 5-p-nitrobenzoyl derivative, 626. 
2:4-Dimethyl 3:6-anhydro-a-methylaltroside, 322. 
2:4-Dimethyl 3:6-anhydro-a- and ~-f§-methylgalacto- 
pyranosides, 624. 
Dimethylaniline, p-nitro-, action of nitrous acid on, in 
hydrochloric acid, 138. 
time ry ee mame 18. 
5:7-Dimethyl-1:2-benzanthracene, 639. 
6:10-Dimethyl-1:2-benzanthracene, 10-hydroxy-, and 
its acetyl derivative, 412. 
9:10-Dimethyl-1:2-benzanthracene photo-oxide, 1126. 
ae preparation of, 
7 


pp’-Dimethylbenzhydryl chloride, hydrolysis of, in 
aqueous acetone, 974. 
pp’-Dimethylbenzhydrylamine, and its salts, 978. 
$-(2':8’-Dimethylbenzoyl)benzoie acid, 18. 
2-(2’:3’-Dimethylbenzoyl)-1-naphthoic acid, 17. 
By-Dimethylbutadiene, polymerides of, 1169. 
4:4’-Dimethylcarbanilide, nitroso-, 367. 
1:2-Dimethylchrysene, and its 1: 2-oxide, 300. 
1:2-Dimethylchrysene-7-carboxylic acid, 300. 
1:9-Dimethyl-1-decalol, 1131. 
Se ee photo-oxide, 


5:7-Dimethyl-z:2’-dihydro-1:2-benzanthracenes, 638. 
os eigenen te 1:2-dihydroxy-, 


as-1:1’-(2:2’-Dimethyldinaphthyl)ethane, 298. 

4:6-Dimethyl galactose, synthesis of, 1147. 

4:6-Dimethyl glucose, 453. 

2:3-Dimethy!l-4*-cyclohexenone, preparation of, 416. 

1:2-Dimethylcyclohexylacetic acid, synthesis of, and 
its derivatives, 415. 

ay ness co peas acid, 6-hydroxy-, lactone, 


2-Dimethylinol, 4-amino-, and 7-chloro-4-nitro-, 


Dimethyimaleie anhydride, and its derivatives, 414. 
— B-methylgalactofurfuronoside, amide, 


2-Day) B-methylgalactopyruronoside, methyl 


4:6-Dimethyl B-methylgalactoside, 1149. 
4:6-Dimethyl a-methylglucoside, and its 2:3-di-p- 


toluenesulphony] derivative, 455. 
methylglycuronoside, its deriv- 


2:3-Dimethyl 
atives, 1043, 

2:3-Dimethyl mucic acid, derivatives of, 1112. 

1:6-Dimethylnaphthalene, synthesis of, 1239. 

ee i-bromo-, and its picrate, 


$-4-Dimethyt-2 -naphthylacetic acid, 299. 
a-1-(3:4-Dimethyinaphthyl)-o-aminocinnamic acid, 300. 


and 
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B-1-(3:4-Dimethylnaphthyl)ethyl alcohol, and its 
chloride, 299. 


a-1-(3:4-Dimethylnaphthyl)-o-nitrocinnamic acid, 300. 

cis-1:9-Dimethyloctalin, 1131. 

3:3-Dimethylphthalimidine, and its 2-acetyl deriv- 
ative, 1088, 

geen pe ig om a-cyano-, ethyl ester, re- 
fractive index of, 15 

Pe a al al 7-hydroxy-, 246. 

2:3-Dimethyl y-saccharic acid, derivatives of, 1044. 

N*-Dimethylsulphanilamide, 688. 

2:2-Dimethyl-3’:4’:5’:6-tetrahydrodibenzpyran, 4’’-hydr- 
oy and ite acetyl derivative, and 5’-hydroxy-, 

1 

1:6-Dimethyl-5:6:7:8-tetrahydronaphthalene, 1242. 

1; : eames 2: eee 

a ~ irene acid, S-hydroxy., 


Dimethyl -p-toluiding action of nitrous acid on, 


2: §-Dinetigt 046’: 8’:12’-trimethyltridecy!)ehroman, 
6-hydroxy-, 330. 
2:5-Dimethyltriphenylcarbinol, 1245. 
2:5-Dimethyltriphenylmethane, 1246. 
2:5-Dimethyltriphenylmethyl chloride, 1246. 
peroxide, 1248. 
Dimethyl xylonolactone, 1505. 
Dinaphthoylmethanes, 2-hydroxy-, 1500. 
Dinaphthyline, preparation of, 201. 
1:3-Di-a-naphthyl-2-methylpropylene, 821. 
1:3-Di-8-naphthyl-2-methylpropylene, 821. 
Diosphenols, steroid, 60. 
Diphenyl, bromonitro-derivatives, 449. 
3:4’-dinitro-, 211, 474. 
‘nitro-2-hydroxy-, 2-acetyl derivative, 1384, 
3-nitrosoamino-, acetyl derivative, 371, 
Dipheny] series, 208. 
Diphenylamine, complex formation of, with chloro- 
nitrobenzenes, 1541. 
2:3-Diphenyl-5:6-benzquinoxaline, 3’-amino-, 386. 
<< - eeen di-p-bromo-, and di-p-iodo-, 


Diphenyl-o-bromophenylisooxazole, 449. 
Diphenyl-4:4’-dicarboxylic acid, and its chloride, 1317. 
Diphenyl-p-diphenylylcarbinol, preparation of, 878. 
1:3-Diphenyl-2-methylpropylene, 821. 
2:7-Diphenylnaphthalene, 382. 
Diphenyl-a-naphthylcarbinol, preparation of, 878. 
aa-Diphenyl-f-phenylbromoethylene, aa-di-p-bromo-, 
aa-di-p-chloro-, and aa-di-p-iodo-, 1328. 
aa-Diphenyl-f-phenylethylene, aca-di-p-bromo- and 
aa-di-p-iodo-, 1328. 
1:2-Diphenyl-5-pyrrolidone, 2-hydroxy-, and 2-hydr- 
oxy-l-p-bromo-, 441. 
Diphenyl-o-tolylacetic acid, and its derivatives, 885. 
Diphenyl-o-tolylcarbinol, preparation of, 885. 
Diphenyl-o-tolylmethane, preparation of, 885. 
Diphenyl-o-tolylmethyl, radical stability of, 887. 
Diphenyl-o-tolylmethyl peroxide, 885. 
a chloride, 1246. 
peroxide, 1248 


y-4-Diphenylbutyric acid, 1030, 

4-Diphenylylpiperidinomethylcarbinol, and its deriv- 
atives, 1317. 
:14-Dipiperidino-2:13-diketotetradecane, 1318. 
ayy earner 
lecane, 1 

1:12-Dipiperidino-2:11-dihydroxydodecane, and its di- 
picrate, 1318. 

a poem. measurement of, solvent effect in, 
76 

Dipropylaminomethyl-I-naphthylearbinol picrate, 





 : ‘gpmeemneatieeeces dipicrate, 


3-Dipropylamino-a-4’-nitrophenylcinnamic acid, 59. 
3-Dipropylamino-a-4’-nitrophenylcinnamonitrile, 58. 
3’-Dipropylaminostilbene, 4-nitro-, 59. 
2:4-dinitro-, 58. 
2-m-Dipropylaminostyrylpyridine methiodide, 59, 
Dipyridyleadmium, dibromo- and diiodo-, 1217. 
Dissociation constants, in relation to activation 
and resonance, 1447, 
measurement of, by conductivity titrations, 84. 
of salts in water, 87. 
thermodynamic, of dibasic acids, 855. 
Dithiobenzoyl oxide, 832. 
Dithiodiglycollylcholine iodide, 422. 
2: iechae aa luenesulphonyl 4:6-benzylidene a-methyl- 
Bs = and 4-bromo., 
ae 4-chloro-, 1527. 
gn fre em 452. 
a- and f-5:10-Di-p-tolyl-15:10-dihydroarsanthren, pre- 
—* and isolation of, and their derivatives, 
2:6-Di-o-tolylidenecyclohexanone, 638. 
3:5-Di-(p-tolylthio)acetanilide, 2- and 4-nitro-, 1527. 
3:5-Di-(p-tolylthio)aniline, 2- and 4-nitro-, 1528, 
2:6-Di-p-tolylthionitrobenzene, and 4-bromo-, and 
4-chloro-, 1527, 
4:6-Di-(p-tolylthio)nitrobenzene, 2-chloro-, 1528. 
2:3-Ditosyl 4:6-benzylidene B- -methylgalactoside, 1149, 
2:3-Ditosyl 4:6-dimethyl f- ~~ 1149. 
methylgalacto; 


2:3-Ditosyl B-methylgalactoside, Ta 
n-Dodecyl alcohol, action _ on a- and B-naphthyl- 
amine hydrochlorides, 388 
4-n-Dodecylaminoazobenzene-4’ -arsonic acid, 577. 
Dodecylaniline, 576. 
ee rn 
Duboisia myoporoides, 


sieboide of, 1155. 
tsoDunniol, 1498. 
Dunnione, 1493. 
B-isoDunnione, bromo-, 1497. 
a- and £-isoDunniones, and their derivatives, 1496. 
alloDunnionesulphonic acid, 1498. 
Dyes, adsorption of, at mercury—water interfaces, 596. 


E. 


Echinocystic acid, relation of, to quillaic acid, 612. 
Electrolytic oxidation, 256. 
Elemi ~~~ See under Resins. 
Emodin, F: , oxidation of, 427, 
Emulsions, stabilisation of, 1513. 
water-in-oil, 211 


90. 
of Seer ontehenattehanetaerann, 1552. 
epineoErgosterol, 13 
Erythrophleic acid, aa its derivatives, 288. 
Erythrophleine, and its sulphtae, 286. 
Erythrophleum alkaloids, 286. 
y-Ethoxy-aa-bis(ethylsulphonyl)propane, 1551, 1562. 
y-Ethoxy-ac-bis(ethylthio)propane, 1551. 
ee 3-carboxylic acid, 


1-(Ethoxy-2’-methoxy-1’-naphthylmethyl)coumaran-2- 
one, 1-bromo-, 819. 
eee erner tame nee acid 


eee 


1 ester, 1387. 
894. 











~~ ct be 








Ethyl yi hydrolysis of, in aqueous formic acid, 


in aqueous solution, 925. 
olefin elimination from, 899. 
carbonate, action of sodium on, 216. 

Ethyl ether, ignition of, mixed with oxygen, 143, 151. 
4-Ethylaminoazobenzene-4’-arsonic acid, 577. 
a-Ethylaminopropionic acid, and its benzenesulphonyl 
derivative, 1293. 
p-Ethylbenzaldehyde, preparation of, 701. 

{0-Ethyl-1:2-benzanthracene, 10-B-hydroxy-, 411. 

Ethyl-3:4-benzphenanthrenes, and their a 1160. 

5-Ethyl-7:8-dihydro-1:2-benzanthracene, 304 

— glycol, reaction of, with lead tetra-acetate, 


N +e Ethyl-4’-methyl-2’-thiazolylsulphanilamide, 5’-£- 
hydroxy-, 1307. 

Ethylquinolinium oa ani 226. 

N‘-Ethylsulphanilamide, 690 

N1-Ethylsulphanilamidoacetic acid, ethyl and methyl 
esters, 1576. 

a-Ethylsulphonyl-f-n-butylsulphonyl-4*-propene, 1558. 

Ethylthiol, reaction of, with a-bromopropaldehyde di- 
ethylacetal, 1553. 

p-Ethylthiopropaldehyde, 1562. 

< — “ra and their derivatives, 


«-Eungithio-di-srapene, y-chloro-, 1553. 

Eucalyptus oil, carbony! constituents of, 808. 

Eucarvone, 2:4-dinitro trophenylhydrazone, 1163. 
reaction of, with maleic anhydride, 1162. 

Eudaline, derivatives of, 1145. 

Expansion coefficient, thermal, relation of, to structure 
of solutions, 870. 


F. 


Faraday Lecture, 511. 
Films, unimolecular, on — 511, 773. 


on water, ageing of, 128 
solubility and surface preasure of, 114. 
water evaporation thro 106. 

Fish, plants poisonous to, , 1178. 


Flames, “‘ cool,” in relation to normal flames, 143, 151. 

Flavone, 5:6:4’-trihydroxy-, 1374. 

Flavones, trihydroxy-, derivatives of, 1370. 

Fluids, adsorption at interface between, 596. 

Fluorene, 2-amino-, 2-p-toluenesulphony] derivative, 
3:7-dibromo-, 3:7-dibromo-2-amino-, and 2-bromo-3- 
nitro-, and their derivatives, 449. 

Formaldehyde, action of nitrous acid on, 142. 

Formamide, refractivity of, 869. 

Formic acid, action of, on triphenylmethyl chloride 

and ethyl ether, 1333. 

esters, stability of, 874. 

3-Formylbenzophenone, 2:4-dihydroxy-, and its 2:4- 
dinitrophenylhydrazone, 246, 

8-Formylbutyrophenone, 2:4-dihydroxy-, 
semicarbazone, 246. 

N*-Formyl-N‘-ethylsulphanilamide, 690. 

3-Formylphenyl benzyl ketone, 2:4-dihydroxy-, and 
its derivatives, 247. 

3-Formylpropiophenone, 2:4-dihydroxy-, and its 2:4- 
dinitrophenylhy 246. 

Frangula-emodin. See under Emodin. 

Fructose methylphenylhydrazone, 1511. 

Fuller’s herb. See Sa: inalis. 

Fungi, higher, constituents of, 632, 1491. 


and its 


Galactosazone, derivatives of, 1479. 
Galactose sulphates, 1475. 
ogalactose from arabic acid, 79. 
5N 
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Gases, ion >» by solids, 156. 
micro- 1300. 
Gentiobiosazone feotpanstale, 1481. 
acid, resolution of, 418. 
me i acetoacetate on, 704. 
Ginkgetin, structure 1370. 
Glucosaminides, structure of, 29. 
Glucose sulphates, 1475. 
Glucosides from cyclohexane series alcohols, 243. 
Glutamic acid series, 706. 
=e acid, thermodynamic dissociation constants 
of, 858. 
Glycerol, phosphorylation of, 752. 
Glycylcholine chloride hydrochloride, 421. 
Glycylglycylcholine chloride hydrochloride, 421. 
Glyoxime N N’-bis-3-bromo-, -3-fluoro-, and -3-iodo-4- 
methoxypheny] ethers, 412. 
Gold compounds, 4-covalent, =n of, 1235. 
Gomberg reaction, modified, 12 
Guanosine 3- and B phosphates 8 synthesis of, 746. 
Guanylic acid, synthesis of, 746 
Gypsogenic acid, and its derivatives, 619. 
Gypsogenin, 619. 


Hashish, Egyptian, cannabidiol from, 652. 

Heat of dissociation, and structure of salt deuterates 
and hydrates, 72. 

Heptamethy] aldobionic acid, methy] ester, from hydro- 
lysis of methylated arabic acid, 74. 

4-n-Heptylaminoazobenzene-4’-arsonic acid, 577. 

5-n-Heptyl-1:2-benzanthracene, 304. 

Heptylbenzylamine, and its hydrochloride, 1314. 

5-n-Heptyl- SP nent gaye men hracene, 304. 

Heterocyclic compounds, nitrogenous, spectra of, 
absorption stpteleh, 1275. 

4A*4-Hexadiene, spectrum of, absorption, 1461. 

Hexahydrocuminic acid, a-bromo-, and its ethyl ester, 


Hexahydronaphthalene, 727. 

Hexamethyl 6-f-glycuronosidogalactose, 74. 

Hexamethyl 6-8-glycuronosido-f-methylgalactopyran- 
oside, amide of, 78. 

Hexamethylnaphthidineammonium diiodide, 202. 

cycloHexane series, alcohols of, 243, 280. 

cycloHexanone, 4-hydroxy-, and its acetyl derivative, 
13 


3:4-cycloHexenocoumarin, 6-hydrox 
derivative, and 7-hydroxy-, acet ol ductonties, 1123. 
cycloHexyl alcohols, epimeric, ttn of, 280. 
n-Hexylaminoacetic acid, benzenesulphonyl deriv- 
ative, 1294. 
4-n-Hexylaminoazobenzene-4’-arsonic acid, 577. 
laminoazobenzene-4’-arsonic acid, 577. 
5-n-Hexyl-1:2-benzanthracene, 304. 
n-Hexylbenzylamine, and its hydrochloride, 1313. 
5-n-Hexyl-7:8-dihydro-1:2-benzanthracene, 304. 
exylideneacetaldehyde, preparation of, 14. 
Homopterocarpin, 787. 
mer pituitary, posterior, oxytocic, chemistry 


sex, substances of type of, 721, 727. 
acid, association of, 332. 
determination of, potentiometrically, in 
alkaline solution, 673. 
Hydrobromic acid. See under Bromine, 
Hydrocarbons, aromatic, pomeiex formation of, with 
paycpelin 16, Sen, 208, 1539. 
yoyclic, 16, 293, 303, 1125, 1159, 1396. 
optically active, —- sol vent effects anes 345. 
Hydrocyanic acid. See under Cy. 
Hydroisodunniol, hydroxy-, 1497. 


and its acetyl 
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Hydrogen atoms, associating effect of, 166, 332. 

reaction = with oxygen, sensitised by nitrous 
oxide, 464 

replacement of diazo-groups by, 207. 

Hydrogen bridge, effect of solvent on strength of, 850. 

Hydrolysis of salts in solution, 578. 

Hydronaphthalenes, catalytic dehydrogenation of 
alcohols and ketones from, 1134. 

a precipitation of, electrometric studies of, 
758, 761. 

Hydroxy-aldehydes, spectra of, absorption, and of their 
methyl ethers, 1347. 

Hydroxy-ketones, spectra of, absorption, and of their 
methyl ethers, 1347. 

Hydroxylamine, determination of, potentiometrically, 
in alkaline solution, 673. 

— groups, replacement of, by chlorine atoms, 


ol rearrangement of, and its re- 
versibility, 442. 


I. 


~~ resolution of, and its 
ts, > 

Iminophthalimidine, condensations of, 1073. 
Immunochemistry, synthetic, 119. 

Indigo-carmine X, adsorption of, at mercury—water 

interfaces, 596. 

Indole group, structure in, 283. 

Indole series, synthesis in, 458. 

Indolyl-3-acetic acid, a-amino-, methyl ester, 460. 
r-3-Indolylglycine, synthesis of, 458. 
Indolyl-3-glycollic acid, methyl ester, 460. 
Indolyl-3-glyoxylic acid, synthesis of, and its deriv- 

atives, 458. 
o-Indophenol, mm/’-difluoro-, acetylation of, 206. 
Iodine, reaction of, with phosphorus i in carbon tetra- 

chloride, 583. 

Periodates, electrolytic formation of, 256. 
Ionisation in non-aqueous solvents, 1329, 1360. 
B-Ionone, reaction of, with halides in presence of 

lithium, 1239. 


Isotopes, exchange of, in organic componnds, 1362. 


K. 


Ketoacetyldihydro-oleanolic acid, methyl ester, 1389. 
Ketoacetyloleanolic acid, lactone, 1389. 
a-Ketobutaldehyde, B-bromo-, 2:4-dibromo- and -di- 
chloro-phenylhydrazones, 814. 
6-Keto-5-carbethoxy-2-methylcyclohexylacetic acid, 


ethyl ester, 417. 

7-Keto-4**-cholestadiene, and 6-mono-, and 4:6-di- 
bromo-, 663. 

7-Ketocholestanyl acetate, 5:6-dibromo-, 662. 

9-Keto-4°-cholestene, 3:4:6-tribromo-, 663. 

7-Ketocholesteryl acetate, bromination of, 659. 

— 10-chloro-, 

aaa etait acne acid, ethyl] ester, 

a-6-Keto-1:2-dimethylcyclohexylacetic acid, and its 
derivatives, 417. 

1-(2’-Keto-1’-cyclohexyl-2’’-methoxy-1’’-naphthyl- 
methyl)coumaran-2-one, 819. 

2-Keto-5-hydroxy-af-dicyclohexylidene-ethane, and its 
derivatives, 14. 

Ketolupenyl acetate and benzoate, and their deriv- 
atives, 1337. 

og 10-methoxy-1-methyl-3:4-dihydro-4-carboline, 
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Ketomethoxymethylhexahydrochrysene, 732. 
Ketomethoxymethyloctahydrochrysene, 733. 
1-Keto-7-methoxy-2-methyl-1:2:3:4-tetrahydrophen- 
anthrene, preparation of, 730. 
$-Keto-2-methyl-5:6-(3':4’: 6’-O-acetylglucopyrano)- 
tetrahydro-1:4-oxazine, 437. 
1-Keto-2-methyl-2-ethyl-1:2:3:4-tetrahydrophen- 
anthrene, and its picrate, 1278. 
3-Keto-2-methyl-5:6-glucopyranotetrahydro-1:4-oxaz- 


ine, 436. 

2-Keto-1-methylcyclohexylacetic acid, and its deriv- 
atives, 417. 

1-Keto-2-methyl-1:2:3:4-tetrahydrophenanthrene, pre- 
paration of, 731. 

Ketones, condensation of, with phenols, 1103. 
unsaturated, cyclodehydration of, 636. 

16-Keto-4"1*-oleanene, 1472. 

16-Keto-oleanolic acid, methyl ester, 1472. 

1-Keto-7-phenyl-1:2:3:4-tetrahydronaphthalene, 1030. 

5-Keto-1:2:3:4-tetramethyl-5:6:7:8-tetrahydroanthra- 
cene, and its semicarbazone, 302. 

5-Keto-1-p-toluenesulphonyl-2-acetylpyrrolidine, and 
bromo-, 710. 

— luenesulphonyl-2-chloroacetylpyrrol- 

5-Keto-1-p-toluenesulphonylpyrrolidine-2-carboxy- 
amide, 711. 

erg 1-p-toluenesulphonylpyrrolidine-2-carboxylic 


Keto: :3-trimethyl-1:2:3: :4-tetrahydrophenanthrene, 


Ketyls, preparation of, from benzpinacol and potas- 
sium, 251. 

Ketylic compounds, stability of, in relation to phen- 
oxyl group, 213. 


L. 


Lactic acid, trichloro-, ethyl ester, phenylurethane, 
action of alkalis on, 1512. 

Ab.y-Lactones, reactions of, 438. 

Lanthanum chloride, solubility of, 670. 

Lauric acid, £-diethylamino- and f-dimethylamino- 

ethyl esters, and their hydrochlorides, 421. 

phenyl ester, Fries rearrangement of, 835. 

Lauryl choline chloride and iodide, 422. 

Lectures delivered before the Chemical Society, 119, 
511, 544, 554. 

on, leaves, constituents of, 1271. 

Leucodrin, oxidation of derivatives of, with lead 
tetra-acetate and periodic acid, 1271. 

Levans, formed by bacterial action, 237. 

Linalool, action of ethyl acetoacetate on, 704. 

Linkings, double, non-terminal, addition of hydrogen 
bromide to, 68. 

epiLumisterol, 1392. 

Lupanetriol, and its diacetate, 456. 

Lupenyl esters, oxidation of, 1335. 

2:6-Lutidine, separation of, in mixtures with B- and 
y-picolines, 241. 


M. 


Magnesium carbonate, basic, precipitated, chemical 
nature of, 96. 
Magnesium determination :— 
determination of, with 8-hydroxyquinoline, 656, 
Malaccol from Derris malaccensis, 309. 
dl-Malaccol, 313. 
Maleic anhydride, condensation of, with carenes and 
a-terpinene, 702. 
detection of, colorimetrically, 1374. 
reaction of, with eucarvone, 1162. 
Malonaldehyde bis-2:4-dinitrophenylhydrazone, 1557. 


eee eet et et es OS et 











Malonic acid, bromo-, hydrolysis of ions of, 956. 
Maniladiol, and its derivatives, 797. 
l-Matairesinol, synthesis of, 1088. 

dl-, d-, and l-Matairesinols, 1100. 

Meconic acid, mercuration of, 667. 
Melibiosazone hepta-acetate, 1481. 

Memorial Lecture, Sérensen, 554. 

l-Menthyl butyl sulphide, 227. 


Mercuricomenic acid, chloro-, and hydroxy-, an- 


hydride of, 667. 
Mercurikojic anhydride, chloro-, and hydroxy-, 669. 
Mercuripyromeconic acid, chloro-, 668. 
Mercuri-y-pyrone, dichloro-, 666. 
Mercurithiophthen, chloro-, 306. 
ee adsorption of dyes at water interfaces with, 
596. 
Mercuric halides, arsine and phosphine derivatives, 
1209. 
Mercury bisbutylthiol, 1558. 
Mesityl oxide, reduction product of, 1547. 
Metals of the gold group, analysis of, 1263. 
of the tantalum and tungsten group, analysis of, 
1258. 
toxicity of, towards catalytic platinum, 469. 
Metallic chlorides, catalysis by, of styrene polymeris- 
ation, 775. 
salts, complex, constitution of, 1209, 1230, 1235. 
sulphides, formation of, in ethyl and methyl alco- 
hols, 1329. 
Metanethole, structure of, and dibromo-, and dinitro-, 
1094. 
Methane, feiranitro-, complex formation of, with 
naphthalenes, 1541. 
Methin{[2-benzthiazole][2-(3-ethyldihydrobenzselen- 
azole)], and its hydriodide, 804. 
ee 


meta bnetharl 8-methyldihydrobenzthi- 


Methincyanines, preparation of bases from, 799. 

Methin{2-(1-ethyldihydroquinoline) |[2-(6:7-benzbenz- 
thiazole) ], 807. 

Methin[2-( nee Coen, 
and its hydriodide, 806 

ag i-ethyldihydroquinoline) |[2-(4: 5-benzthi- 
azole) |, i 

Methin[2-(1-methyldihydroquinoline) |[2-(4:5-benzbenz- 
thiazole) ], 806. 

Methin[2-(1-methyldihydroquinoline) |[2-benzthiazole], 
and its hydriodide, 805. 

Methin[2-quinoline ][2-(3-ethyldihydro-6:7-benzbenz- 
thiazole) }, 807. 

a ee Se aategarneneeenae 
and its hydriodide, 805. 

Methin(4-quinoline[2-(2-ethylihydrobensthiazoe), 


“a tis hydriodide, 807. 
Methin{2-quinoline][2-( 1-ethyldihydroquinoline) |, 808. 
Methie[®-quinelion|[9-(0-enethyidiiyérebensthionste)], 
and its hydrochloride, 805. 
= 1-methyldihydroquinoline)], 


¢-Mothoxyscete-B-naphthalide, 1- and 5-nitro-, 387, 
7-Methoxyaceto-2-naphthalide, 1- and 8-nitro-, 386. 
Methoxyacetophenones, spectra of, absorption, 1351. 
Methoxybenzaldehydes, spectra of, absorption, 1351. 
a cea means: 2-hydroxy-, 


w-2/-Methoxybenzoyl-2-hydroxyacetophenone, 1106. 
ee 
one, 4 
2-(2’-Methoxybenzoyloxy)acetophenone, 1106. 
Re neneen ten) aemaatncetemanann, 
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4 remem y-hydroxy-, 


e-news acid, 794. 
7-Methoxychroman-3-carboxylic acid, 792. 
7-Methoxy-4*-chromen-3-carboxylic acid, 794. 
eee acid, and its derivatives, 
6-Methoxycoumarone-2-carboxylic acid, and its ethy] 
ester, 794. 
a 2-hydroxy-, 1500. 
2-Methoxydiphenyl, 4’-amino-, and its acetyl deriv- 
ative, and 4’-bromo-, -iodo-, and -nitro-, 1383. 
5-Methoxy-2-formyl-f-phenoxypropionic acid, and its 
derivatives, 793. 
10-Methoxy-1-methyl-4-carboline, 3-mono- and _ tri- 
chloro-, 318. 
2’-Methoxy-6-methylflavone, 1106. 
5-Methoxy-1-methylindole-2-carboxydiethylacetalyl- 
amide, 318. 
5-Methoxy-1-methylindole-2-carboxylic acid, 317. 
2-Methoxy-4’-methyltriphenylcarbinol, 877. 
7-Methoxy-1-naphthacyl bromide, 1311. 
Methoxynaphthoyloxy-1-acetonaphthones, 1500. 
6-Methoxy-2-naphthylamine, 1-nitro-, 387. 
7-Methoxy-2-naphthylamine, and its diacetyl deriv- 
ative, 383. 
7-Methoxy-2-naphthylamine, 1-nitro-, diacetyl deriv- 
ative, 386. 
Methoxy-2’-naphthyl-5:6-benzochromones, 1500. 
2-(2’-Methoxy-1’-naphthyl)chromone, 819. 
2-(2’-Methoxy-1’-naphthyl)-3-chromonol, and its acetyl 
derivative, 818. 
2-(2’-Methoxy-1’-naphthyl)-3:4-1”:2”-coumarano-4‘- 
cyclohexen-6-one-1-carboxylic acid, ethyl ester, and 
its oxime, 819. 
1-(2’-Methoxy-1’-naphthylidene)coumaran-2-one, and 
its derivatives, 819. 
Ne laeeeeea 1-nitro-, 
6-Methoxy-1-4°-pentenyl-1-tetralol, 732. 
4-(4’-Methoxyphenoxy)benzaldehyde, 1102. 
oe acid, derivatives of, 
p-Methoxypheny] a-anilinobenzy! ketone, 349. 
y~p-Methoxyphenyl-4-crotonolactone, 442. 
p-Methoxyphenyl a-methylanilinobenzyl ketone, 349. 
ee en 2-hydr- 
oxy-, 
6-Methoxy-2-phenylnaphthalene, 383. 
6-Methoxy-2-phenylnaphthalene, 5-nitro-, 387. 
7-Methoxy-2-phenylnaphthalene, 383. 
7-Methoxy-2-phenylnaphthalene, 8-nitro-, 386. 
Methoxyphenylpyridines, and their picrates, and nitro- 
derivatives, 359. 
2-p-Methoxyphenyl-5-pyrrolidone, 2-hydroxy-, 442. 
p-Methoxyphenyl a~p-toluidinobenzy! ketone, 349. 
6-Methoxytetralin, preparation of, 730. 
6-Methoxy-1-tetralone, preparation of, 730. 
5-Methoxyvalerophenone, 2-hydroxy-, acetyl deriv- 
ative, and its derivatives, 1121. 
Methyl bromide, hydrolysis of, in aqueous formic acid, 
945. 


* jn aqueous solution, 925. 
f-Methylaminoethanol, 289. 
5’-Methyl-7-n-amyl-3:4-benzocoumarin, 5-hydroxy., 

and its acetyl derivative, 1395. 
wae and its acetyl derivative, 1121. 
5’-Methyl-7-n-amyl-3:4-cyclohexenocoumarin, 5-hydr- 
oxy-, and its acetyl derivative, 1123. 
— n-amy] ketone, labile and stable semicarbazones 
99. 


2-Methyl 8:6-anhydroaltrose, 322. 
2-Methy! 3:6-anhydro-c-methylaltroside, 322. 





Methyl-1:2-benzanthracenes, photo-oxides, 1126. 
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6-Methyl-1:2-benzanthracene, 10-bromo-, and 10- 
cyano-, 412. 
9-Methyl-1:2-benzanthracene, and 10- 
cyano-, 412. 
10-Methyl-1:2-benzanthracene, 10-cyano-, 411. 
9-Methyl-1:2-benz-10-anthraldehyde, 412. 
1-Methyl-5:6-benz-4-carboline, 3-chloro-, 316. 
8-Methyl-3:4-benzfluorene, and its derivatives, 638. 
8-Methyl]-3:4-benzfluorenone, 638. 
’-Methyl-3:4-benzocoumarin, 6-hydroxy-, 
acetyl derivative, 1120. 
ee nation chloride 
and i 
1-Methyl-3:4-benzphenanthrene, 297. 
f-Methylbutane-ayd55-tetracarboxylic acid, 1345. 
2-Methyl-1-47-butenyl-3:4-dihydrophenanthrene, 733. 
Methylisobutylcarbinyl p-xenylurethane, 1549. 
2-Methyl-1-n-butylphenanthrene, and its derivatives, 
734. 
2-Methyl-4-butylresorcinol, 246. 
3-Methylbutyrophenone, 2:4-dihydroxy-, 246. 
1-Methyl-4-carboline, 3-chloro-, methosulphate, 316. 
ay aera eerecen errs hydrochloride, 


O-auathgSieccetiontine methiodide, 745. 
cis-9-Methyl-3-decalol, 725. 
O-Methyldihydrohomopterocarpin, oxidation of, 792. 
O-Methyldihydropterocarpin, oxidation of, 793. 
5-Methyldiphenyl, 2-cyano-, 1120. 
——, adsorption of, at mercury—water 
interfaces, 596. 
Methylene groups, active, addition of By-unsaturated 
alcohols to, 1266. 
addition of ap- unsaturated alcohols to, 704. 
gem-Methylethyl groups, action of selenium on, 1277. 
2-Methyl-2-ethyl-1:2:3:4-tetrahydrophenanthrene, and 
its picrate, 1279. 
6-Methylflavone, 2’-hydroxy-, and its acetyl deriv- 
ative, 1106. 
B-Methylgalactopyranoside 6-bromohydrin, 630. 
a-Methylgalactoside barium sulphate. 1478. 
2-Methyl-4:5-glucopyrano-4*-oxazoline, 434. 
a-Methylglucoside barium sulphate, 1478. 
wy - Sidi crit cane nena dirufianate, 


uothy heptadeeytmalonie acid, and its ethyl ester, 70. 

1-Methyl-4*cyclohexadiene, preparation and spec- 
trum of, 1463. 

16-Methylhexahydrochrysene, and its derivatives, 734. 

ae - alalieeecenee ce and its derivatives, 


6-Methyl-4'-cyclohexenecarboxylic acid, and its deriv- 
atives, 639. 

5’-Methyl-3:4-cyclohexenocoumarin, 6-hydroxy-, and 

7-hydroxy-, acetyl derivative, 1123. 

7-Methyl-3:4-cyclohexenocoumarin, 5-hydroxy-, acetyl 
derivative, 1124. 

cis-8-Methylhydrindan-1:2-diol, = 

cis-8-Methyl-2-hydrindanol, 726 

— -B-hydroxyethyl-N’- -a-naphthylthiourea, 


19-Methyl-18-hydronytetratecoie acid, 69. 
1-Methylindolyl-3-glyoxylic acid, methyl ester, 460. 
-Methyl-f-lauryloxyethyldiethylammonium iodide, 422. 
—— acid, a-bromo-, hydrolysis of ions of, 


MeiyI-6-methory-4-quinolycarbina hydrochloride, 


2-Methylnonadecane, 1- and 2-bromo-, 70. 
2-Methylnonadecan-1-ol, 71. 
2-Methylnonadecoic acid, 71. 
cis-9-Methyl-4!-3-octalol, 725. 
cis-9-Methyl-4!-3-octalone semicarbazone, 725. 
2-Methyl-1:8-cyclopentanedione, 1446. 


10-bromo-, 


and its 
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Se ee -arsonic 


2-Methyl-N-pentylaniline, 576. 

2-Methyl-4-8-phenylethylresorcinol, and its di-p-nitro- 
benzoyl derivative, 247. 

a ° “eppepaoenes ree spectrum of, absorption, 


Methylphloroisobutyrophenone, 
ether, 426.. 

1-Methylpropenylcyclohexenedicarboxylic acids, 1344. 

3-Methylpropiophenone, 2:4-dihydroxy-, 246. 

1-Methyl-2-propylcyclohexane-3:4-dicarboxylic 
and its anhydride, 1344. 

4-Methyl-2-n-propylisophthalic acid, 1346. 

2-Methyl-4-propylresorcinol, 246. 

2- and 4-Methyl-5:6:3’:2’-pyridoquinolines, 2-chloro-, 
and 2-hydroxy-, 1166. 

N1-Methylsulphanilamidoacetic acid, ethyl and methy] 
esters, 1576. 

2-Methyl-1:2:3: nang no omtong, gametes 
acid, 2-hydroxy-, lactones, 1325. 

N‘-4’-Methyl-2’-thiazolylsulphanilamide, 1307. 

2-Methylthiophen-5-acetic acid, 3-hydroxy-, ethyl 
ester, 1387. 

dl-Methyl 5-p-tolylamyl ketone semicarbazone, 453. 

Methyl-f-o-tolylethylmalonic: acid, and its p-nitro- 
benzyl ester, 1241. 

2-Methyl-4:5-(3': 4’:6’-tri-O-acetylglucopyrano)-4?-ox- 
azoline, 436. 

B-Methyl 3:4:6-trimethyl N-acetylglucosaminide, 434. 

+ 7% eager dimseen pease dalla emanl 

e, 436. 
og — ~~ geri emnnannanasamate 6- 
y' 


and its dimethyl 


acid, 


xy-, 330. 

Methyltriphenylmethyls, 1242. 

Michler’s hydrol, reaction of, with sodium nitrite in 
hydrochloric acid, 93. 

Miro tree. See Pi 


Pomegnene. 

n= and 1so-Miropinic acids, and their derivatives, 683. 

Mobility, measurement of, by conductivity titration, 
84 


Monolayers. See Films, wnimolecular. 
Mucilages, seed, 1501. 
Myrcene, spectrum of, absorption, 1461. 


2-Naphthaldehyde, 1-bromo-, 297. 
Naphthalene series, chromones of, 1499. 
Naphthalene-6-sulphonic acid, 2-amino-, amide, and 
its acetyl derivative, 692. 
1-Naphthalene-7-sulphonic acid, 1-cyano-, 1310. 
a- and f-Naphthoic acids, potassium salts of, 861. 
Naphthols, preparation of, from hydronaphthalene 
alcohols and ketones, 1134. 
a-Naphthoyldiazomethane, 1310. 
B-2-Naphthoyl-af-dimethylpropionic acid, and _ its 
methyl ester, 301. 
B-1-Naphthoyl-o-methyl-a-ethylpropionic acid, 1278. 
Naphthoyloxy-1-acetonaphthones, 1500. 
1-Naphthoylpalmitylmethane, 2- —T 1500. 
a-Naphthylacetone 2:4-dinitrop we tn ramen 9 821. 
a- and f-Naphthylamine Enos lorides, action of 
n-dodecyl alcohol on, 388. 
Naphthyl-5:6-benzochromones, 1500. 
2-2’-Naphthyl-5:6-benzochromones, hydroxy-, 
their acetyl derivatives, 1500. 
B-Naphthyl ates a ge ketone, 250. 
B-Naphthyl a-bromostyryl k 
2-Naphthylmalonic acid, a anda ethyl ester, 298. 
f-Naphthylmethylcarbinol, resolution of, and its deriv- 
atives, 676. 
y-1-Naphthyl-c-methyl-a-ethylbutyric acid, 1278. 


and 












a- and £-Naphthylmethylmagnesium halides, action of 
acetyl chloride on, 819. 
er ne acid, a-2-l-bromo-, 


B-Naphthyl styryl ketone, 250. 
y-Naphthyl-a8-trimethylbutyric acid, 301. 
poe aan chitin aahindioe ot cae 300. 
Neodymium chloride, solubility of, 670 
Nitro-compounds, structure of, 283. 
polyNitro-compounds, complex formation of, with 
aromatic bases and hydrocarbons, 1539. 
Nitrogen monoxide (nitrous oxide), sensitisation of 
hydrogen-oxygen reaction by, 464. 
dioxide (nitric oxide), reaction of, with chlorine, 
inhibition of, 823. 
Nitrous acid, action of, on formaldehyde, 142. 
on p-nitrodimethylaniline in hydrochloric acid, 
138. 
Nitrogen organic compounds, heterocyclic, spectra of, 
absorption ultra-violet, 844. 
ee acid, action of, on m-fluorophenol, 


reduction of, by sulphur monoxide, 1157. 
Nomenclature, inorganic chemical, report of Com- 
mittee on, 1404. 
Norlupanonol, 457. 
ee spectrum of, absorption, 


oO. 
Obituary notices :— 
Henry Edward Armstrong, 1418. 
Douglas Heriot Baird, 562. 
William Heath Bayliss, 1031. 
Alfred Berthoud, 1439. 
William Thomas Burgess, 100. 
William Alexander Skeen Calder, 563. 
Wallace Hume Carothers, 100. 
Prince Ginori Conti, 563. 
inald Craven, 102. 
William Risden Criper, 103. 
Medforth Dawson, 564. 
Oliver Gatty, 1440. 
Thomas Hartley, 1031. 
John Haycock, 568. 
George William Thomas Horrod, 569. 
Morris Charles Lamb, 569. 
Harold Theodore G. van der Linde, 570. 
Percival George Lloyd, 104. 
——e Scott _— aay! mg 
ercy George r, 
Willen Frederick Mawer, 572. 
Arthur Pinkerton, 1031. 
Benjamin Dawson Porritt, 572. 
George James Robertson, 104. 
Luther Robert Scammell, 1032. 
George Baty Scott, 1032. 
Frank Thomas Shutt, 1442. 
Angus Smith, 1033. 
John Trotter, 105. 
John Isaac Watts, 1033. 
Richard Vernon Wheeler, 573. 
Thomas Williams, 1034. 
4-n-Octadecylaminoazobenzene-4’-arsonic acid, 577. 


ar-Octahydronaphthidine, and its diacetyl deriv- 
ative, 202. 

trans-4?-1-Octalol, and its acetate, 726. 

2:3:4:5:2" op ee eer rene ay ar 1397. 

Octamethyl 3-galactosid 

B-Octanol, dielectric constant of, S04. 

B-Octyl chlorosulphinate, 228. 
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a ama synthetic, related to triphenylethylene, 

Oils, essential, 

Oleanenes, 1473. 

4'*13.Qleanene, 16-hydroxy-, 1473. 

Olefins, elimination of, from alkyl and aralkyl 
bromides, 899. 

Oleic acid, a salt, relative phase volumes and 
type of emulsions stabilised hee 211. 

Optical activation of acids, 264 
inversion, Walden’s, in altrose series, 319. 
superposition, studies in, 862. 

Optically active compounds, rotation of, influence of 
solvents on, 290. 

— compounds, isotopic exchange reactions of, 


Phen carbohydrate constituents of, 184. 
— acid, thermodynamic dissociation constants of, 


sodium salt, hydrolysis of, 580. 
2-Oxalylbensene-1:2:4-triearboxylic acid, methyl ester, 


octane preparation of, from chalkone deriv- 
atives, 247. 
Oxidation, electrolytic. See under Electrolytic. 
Oxine. See ine, 8-hydroxy-. 
Oxy-acids, inorganic, heavy oxygen exchange be- 
tween water and, 131 
Oxygen, heavy, hoe of, between inorganic oxy- 
anions and water, 131. 
ignition of, mixed with ether, 143, 151. 
reactions of, with hydrogen, sensitised by nitrous 
oxide, 464. 
Oxymercurichlorochloromercuripyromeconic acid, 669. 


P. 


2-Palmitoyloxy-l-acetonaphthone, 1500. 
Papaverine, synthesis of, 1209. 
Parachor as criterion for cis—trans-isomerism, 280. 
Pectic acid, constitution of, 1106, 1114, 1506. 
2-Pentadecyl-5:6-benzochromone, 1500. 
A4.Ppentadiene, dimeride of, 1176. 
Pentadiene, kinetics of association of, 735. 
%Pentenoic acid, deuterium exchange reaction and 
isomerisation of, 1362. 
Perbenzoic acid, oxidation with, of acetyloleanolic 
acid and its methyl ester, 1387. 
Periodates. See under Iodine. 
Peroxidase, action of, 769. 
Phellandral, constitution of, 808. 
Phellandrenes, spectra of, absorption, 1462. 
dl-, = and /-Phellandric acids, and their derivatives, 


Phenol, m-fluoro-, action of nitrosylsulphuric acid on, 


2-fluoro-6-nitro-, and 2-fluoro-4-nitroso-, 811. 
3-fluoro-4-nitroso-, 206. 
3-fluoro-4- and -6-nitroso-, synthesis of, 1268. 
Phenols, condensation of, with ketones, 1103. 
nitrosation of, 810, 1268. 
p-Phenoxytriphenylmethane, 1334. 
p-Phenoxytriphenylmethyl, 1334. 
Phenyl carbonate, action of sodium on, 215. : 
prec hinate, reaction of, with tertiary bases,223. 
and bromo-, and nitro-, 193. 
aanet sulphite, 225. 
Heo ena li agg 326. 
2-Phenylaceto-1-naphthalide, and 4-chloro-, and 4- 
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6-Phenylacetylcoumarin-3-carboxylic acid, 5-hydroxy-, 
and its ethyl ester, 247. 

Phenylalanylcholine chloride hydrochloride and iodide 
hydriodide, 425. 

Phenyl a-anilino-p-methoxybenzy! ketone, 348. 

Phenylazo-bis-acetoxime, metallic derivatives of, 654. 

Phenylazo-bis-benzaldoxime, metallic derivatives, 655. 

Phenylazo-bis-methylethylketoxime, metallic deriv- 
atives of, 654. 

a-Phenylbenzimino-2-carbomethoxy-6-tolyl ether, 272. 

Phenylbenzimino-2’-carbomethoxy-6’-tolyl ether, 0- 
chloro-, 273. 

N-Phenylbenzimino-4:6-dichloro-2-carbomethoxy- 
phenyl ether, 273. 

B-p-Phenylbenzoylpropionic acid, 1030. 

Phenyl a-bromo-f-ethoxy-5-2-methoxy-1-naphthyl- 
ethyl ketone, o-hydroxy-, 819. 

Phenyl af-dibromo-f-2-methoxy-1-naphthylethyl 
ketone, o-hydroxy, 818. 

Phenyl-(6’-bromo-3’:4’-methylenedioxypheny])isoox- 
azoles, 251. 

a-Phenyl-f-2-(1-bromonaphthyl)acrylic acid, 297. 

a-Phenyl-f-2-(1-bromonaphthyl)ethane, 298. 

— aB-dibromo-f-phenylethyl ketone, o-hydroxy-, 


tian iii y-p-bromo-, 441. 
Phenyldi-p-bromophenylguanidine, 194. 
yt  epaereeneneenas ere ceeiniaanrenes 
59. 
r-B-Phenyl-yy-dimethylpropane, r-ay-dihydroxy-, 843. 
Phenylditolylguanidines, and bromo- and nitro-, 194. 
a-Phenylethyl bromide, olefin elimination from, 899. 
bromide and chloride, hydrolysis of, in acetone con- 
a mercuric bromide or chloride, 679. 
hlo; phinite, 228. 
p-Phenylethyl bromide, olefin elimination from, 899. 
2-Phenyl-1-ethyl-5-pyrrolidone, 2-hydroxy-, 440. 
Phenyl! heptadecyl ketones, hydroxy-, and their deriv- 
atives, 837. 
2-Phenylcyclohexanone, derivatives of, 848. 
= 6-hydroxy-2:3-benzostyryl ketone, o-hydroxy-, 


B-Phenyl-a-2-(1-hydroxynaphthyl)propionic acid, 298. 

Phenyl-2-hydroxy-1-naphthylsulphone, 2’-nitro-, 445. 

5-Phenyl-3-o-hydroxyphenylisooxazole, 251. 

a cece acid, 6-chloro-3-o-nitro-, 

17 

Phenyl 6-methoxy-2:3-benzostyryl ketone, o-hydroxy-, 
and its derivatives, and their reactions, 817. 

Phenyl p-methoxybenzyl ketone, preparation of, 348. 

4-Phenyl-6-(2’-methoxy-1’-naphthyl)-4*-cyclohexen-2- 
one-1-carboxylic acid, 4-o-hydroxy-, ethyl ester, and 
its derivatives, 818. 

Phenyl! a-methylanilino-p-methoxybenzyl ketone, 349. 

—- :4’-methylenedioxypheny])isooxazole, 


a-Phenyl-5-methylpentane-a5e-tricarboxylic acid, ethyl 
ester, . 
e-Phenyl-8-methyl-4*-pentene-ae-dicarboxylic acid, a- 
cyano-, ethyl ester, 850. 
1-Phenyl-2-methyl-5-pyrrolidone, 2-hydroxy-, and 2- 
hydroxy-1-p-bromo-, 440. 
2-Phenyl-1-methyl-5-pyrrolidone, 2-hydroxy-, 440. 
2-hydroxy-2-p-bromo-, 442. 
2+Phenylnaphthalene, 374. 
preparation of, from diphenyl, 1030. 
2-Phenylnaphthalene, amino-, bromo-, chloro-, hydr- 
oxy-, and nitro-derivatives, and their derivatives, 
374, 378. 
2-Phenyinaphthalenes, synthesis of, 374. 
4-Phenylnaphthalene, 1-nitro-, 211. 
2-Phenyl-1:4-naphthaquinone, 2’- and 4’-nitro-, 380. 
ee and 4-chloro-, and 4-nitro-, 
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6-Phenyl-1- and -2-naphthylamines, 381. 

7-Phenyl-1-naphthylamine, 382. 

Phenyl-8-naphthylisooxazoles, 251. 

B-Phenylpropionic acid, f-o-cyano-, and its methyl 
ester, 1076. 

r-a-Phenylpropylamine, resolution of, and its salts, 
336 


2-Phenyl-1-n-propyl-5-pyrrolidone, 2-hydroxy-, 441. 

3-(a-Phenylpropy!l)semicarbazide hydrochlorides, 337. 

Phenylpyridines, and nitro-, and their derivatives, 
349 


a-Phenylpyridine, a-3- and -4-amino-, and a-4-nitroso- 
amino-, and their acetyl derivatives, 1281. 
a-4-bromo-, -chloro-, -cyano-, and iodo-, and their 
picrates, 355. 
B-Phenylpyridine, 8-3- and -4-amino-, and their acetyl 
derivatives, 1281. 
y-Phenylpyridine, y-3-amino-, and its acetyl deriv- 
ative, 1282. 
y-4-bromo-, and -chloro-, 356. 
a-Phenylpyridine-4-carboxylic acid, methyl] ester, 357. 
2-Phenyl-5-pyrrolidone, 2-hydroxy-2-p-bromo-, 442. 
1-Phenyl-1:2:3:4-tetrahydronaphthalene-2:3-dicarb- 
oxylic acid, and its derivatives, 1321. 
Phenyl a-p-toluidino-p-methoxybenzyl ketone, 349. 
a-Phenyl-f-(3:4:5-trimethoxyphenyl)acrylic acid, and 
its p-phenylphenacy] ester, 199. 
I E a-cyano-, 


a-Phenyl-8-(3:4:5-trimethoxyphenyl)propionic acid, p- 
phenylphenacy] ester, 199. 

Phenyl undecyl ketones, hydroxy-, and their deriv- 
atives, 836. 

Phenylvinylearbinol, action of, with ethyl aceto- 
acetate, 1266. 

Phosphorus, reaction of, with iodine in carbon tetra- 
chloride, 583. 

Phosphorus chlorides, reaction of, with n-butyl alco- 
hol, 1464. 

= chloride, reaction of, with n-butyl alcohol, 


N-y-Phthalimidopropylformanilide, 6 

Phthalimidyl-3-acetoacetic acid, a hey ester, 1073. 

Phthalocyanines, 1070, 1076, 1079. 
X-ray structure of, 36. 

6:7-Phthalylindazole, 367. 

Physical properties and constitution, 171, 1528. 

B- and y-Picolines, separation of, in mixtures with 
2:6-lutidine, 241. 

Picryl iodide, crystal structure of, 1398. 

d-Pinane, 347. 

2-Piperazino-4-methyl-5:6:3’:2’-pyridoquinoline, 1166. 

Piperidinobenzonitriles, chloro- and nitro-, 1524. 

2-Piperidino-4:6-di-(p-tolylthio)nitrobenzene, 1528. 

4-Piperidino-2:6-di-p-tolylthionitrobenzene, 1527. 

Piperidinomethyl-7-methoxy-1-naphthylcarbinol 
hydrochloride, 1311. 

Piperidinomethyl-6-methoxy-4-quinolylcarbinol, and 
its hydrochloride, 1313. 

ee ee and its hydro- 
chloride, 1 

Pinertdinemathyt-G0dt’S-sycteasinatiocs, and their 
salts, 1166. 

2-Piperidino-4-methylquinoline, 6-nitro-, 1166. 

nee: preparation of, 

i  ~ eeenrerecuan 2:4-dibromo-, and 2-chloro-, 


4: NERS yee Carter Oe 
carbinol, and its trihydrochloride, 1315. 

4’:4’-Piperidylpiperidinomethyl-4-quinolylcarbinol, 
and its salts, 1313. 


1-Piperidino-2:4:6-tri-p-toluenesulphonylbenzene, 1527. 


Piperylene, spectrum of, absorption, 1461. 
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Pituitary, posterior lobe, chemistry of oxytocic hor- 
mone of, 419. 
Plants, Argentine, 1051. 
—_—— fish-poison, active principles of, 309, 
enuke ‘<peesn: , seeds, mucilaginous polysaccharide 
of, 150 
Platinum, catalytic. See under Catalysts. 
Platinum phthalocyanine, X-ray structure of, 36. 
Podocarpus ferrugineus, resin from, 683. 
Poisons, fish, from leguminous plants, 309, 1178. 
— compounds, growth-inhibitory, synthesis of, 


Polymerisation, 1169, 1176, 1339. 
Polymorphism, 588. 
Polyporenic acids, and their esters, 634. 
Polyporus betulinus, triterpene acids of, 632. 
Polysaccharides, 237. 
Porphins, X-ray structure of, 601. 
— action of, on arylmethy] alcohols in xylene, 
881. 
Potassium chloride, hydrolysis of, 581. 
chromate, hydrolysis of, 581. 
7 mee hydrolysis of, 581. 
sulphamate, structure of, 1. 
am nomen chloride, solubility of, 670. 
Propaldehyde, a-bromo-, diethylacetal of, reaction of, 
with ethylthiol, 1553. 
2-isoPropenyl-3:4-benzphenanthrene, picrate, 298. 
4-isoPropenyl-m-cresol, dimeride, 1105. 
O-isoPropenylphenols, dimeric, structure of, 1103. 
3-Propionamido-1-thionaphthen, and 2-bromo-, and 
2-nitro-, 326. 
Propionyl-3:4-benzphenanthrenes, and their semi- 
carbazones, 1161. 
1-Propionylbenzisothiazolone, 325. 
co eRe acid, 5-hydroxy-, 


N-Propionyiglucosamine, N-a-hydroxy-, 433. 

2-Propionylnaphthalene, 2-a-bromo-, 301. 

isoPropyl bromide, hydrolysis of, in aqueous formic 
acid, 945. 


in aqueous solution, 925. 

olefin elimination from, 899. 
4-n-Propylaminoazobenzene-4’-arsonic acid, 577. 
a-n-Propylaminopropionic acid, and its benzenesul- 

phony] derivative, 1293. 

10-isoPropyl-1:2-benzanthracene photo-oxide, 1126. 
peters and their derivatives, 
of nC eRe ren and its picrate, 


tsoPropylidene groups, stability of, 68. 

isoPropylpyridinium ferrocyanide, 229. 

Protons, heat of hydration of, 1403. 

Pterocarpin, 787. 

—- reaction of, with nitrosoacylarylamines, 372. 
tetrahalogenated p-benzoquinones, 1378. 

Bs Perr oe derivatives of, 1164. 

—— 4-chloro-, and 4-hydroxy-, 


8- and 4-Pyridyldiphenyls, and their derivatives, 1279. 

4-a-Pyridyldiphenyl, 2’- and 4’-amino-, and 2’- and 
4’-nitro-, and their derivatives, 1283. 

4-B- and ~y-Pyridyldiphenyls, 2’- and Sains 1284, 

Pyrites, determination in, of sulphur, 40 

y-Pyrone, derivatives, mercuration of, $63. 








Quaterphenyl, 1379. 
Quaterphenyl, 4:4’”’-diamino-, ‘4:4’”-dichlorohydroxy-, 

dihydroxy-, and 4:4’” dinitro-, and their deriv- 
atives, 1382. 
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— acid, structure of, and its derivatives, 612, 


Quillaic acid, —- ester, conversion of, into a 
hydrocarbon, 1335 

Quillaol, 1472. 

Quinitol acetates, 13. 

Quinol, oxidation of, with sodium chlorate, 1092. 

Quinoline, 6-amino-4-hydroxy-, and its salts, 1168. 
8-hydroxy-, as reagent for magnesium, 656. 
uinoline-2-carboxylic acid, 6-amino-4-hydroxy-, and 
its 6- ar. derivative, ethyl ester, 4-hydroxy-, and 
6-nitro-4-hydroxy-, ethyl esters, 1167. 

Quinoline-sulphur trioxide, 230 

Quinolinium sulphite, 226. 

4-Quinolyl chloromethyl ketone, 1311. 

4-Quinolyl diazomethyl ketone, 1311. 


R. 


Radicals, free, 213, 874, 880, 883, 1242, 1249. 

Radix pareire bravee, botanical source of, 737. 

Reactions, aromatic side-chain, polar effects of sub- 

stituents in, 692. 

elimination, 899. 

Refractive index of cyano-esters, 1528. 

Report of the Council, 481. 

Resins, elemi Manila, constituents of, 795. 
miro, 683. 
natural phenolic, constituents of, 1098, 1321. 

Resinols, triterpene, 1196, 1198, 1387. 

Resonance, in relation to activation energies and dis- 
sociation constants, 1447. 

Resorcinol nucleus, y-substitution in, 245. 

Rhodizonic acid, barium salt, as indicator, 401. 

Rocks, carbonate and silicate, determination in, of 
magnesium, 656. 

Rotation of optically active compounds, influence of 
solvents on, 290. 

= and its derivatives, spectra of, absorption, 
1052. 


8. 
Sonne. vanadium derivatives, 
Salts, dissociation of, in water, 87. 

hydrolysis of, in solution, 578. 
Salt ——. 72. 
Salt hydrates, 72 
Sapogenins, 612, ‘617, 713, 1469. 
Saponaria , is, sapogenin of, 617. 
Saporubin, 618. 


Sarcostin, and its derivatives, 1443. 

Seeds, mucilage from, 1501. 

Selenium, action of, on gem-methylethyl groups, 1277. 
Selenium organic compounds, 831. 

a-Selenobenzoic acid, 832. 

Semicarbazides, optically active, preparation of, 336. 
Silica gel, adsorption by, 158. 

Sitosterol, and its acetate and bromoacetate, 1546. 
Sodium ty carbonate, hydrolysis of, 581. 


nitrite, reaction of, with Michler’s hydrol in hydro- 
chloric acid, 93. 
Sodium organic compounds :— 
Sodium ethoxide, racemisation of carboxylic esters 








sion coefficient, 870. 
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Solvents, effect of, in dipole-moment measurements, 


on temperature coefficients in complex formation, 
1539. 


non-aqueous, acid catalysis in, 1202. 
ionisation in, 1329, 1360. 
Solway ultra-blue B, adsorption of, at mercury—water 
interfaces, 596. 


Sorbic acid, methyl ester, polymerisation of, by heat, 
1339. 


Spectra, absorption, of hydroxy-aldehydes, hydroxy- 
ketones, and their methy ethers, 1347. 
of organic compounds in solution, 1453. 
of rottlerin, and its derivatives, 1052. 
ultra-violet, of heterocyclic nitrogenous com- 
pounds, 844. 
Starch, banana, constitution of, 390. 
methylated, acetolysis of, 276. 
Steam-—carbon complex, 177. 
Stearic acid, phenyl ester, Fries rearrangement of, 
835 


Steroids, 60. 

Sterols, structure of, 509. 

Sterol group, 659, 1390, 1482. 

Sterol-cestrone group, 848. 

— and its acetate, and fetrabromo-, acetate, 


Styrene, polymerisation of, catalytically, 775. 
thermal, 48. 
Styrene, bromo- and chloro-w-nitro-derivatives, 449. 
Substitution at saturated carbon atoms, 913, 920, 923, 
935, 940, 945, 949, 956, 960, 966, 971, 974, 979, 
1011, 1017. 
Succindianilide, 3:3’-dichloro- and -dinitroso-, 366. 
one aon acid, thermodynamic dissociation constants 
Le) ° 
Succino-m-chlorophenylimide, 366. 
Sucrose, action of bacteria on, 237. 
Sugars, methylated, syntheses of, by means of benzyl 
radical, 453, 1147. 
Sulphamic acid, crystal structure of, 10. 
Sulphanilamide, derivatives of, 1574. 
piperazine and pyridine derivatives of, 202. 
Ve acid, ethyl and methyl esters, 
575 
Sulphates. See under Sulphur. 
2-Sulphinodiphenyl ether, Vattediebne 446. 
3’-Sulphobenzeneazo-f-naphthol, copper salts, 611. 
5’-Sulphobenzeneazo-f-naphthol, 2 — alumin- 
ium and ammonium salts, 60 
copper derivatives, 611. 
vanadium derivative, 1069. 
5’-Sulphobenzeneazo-8-naphthol-6-sulphonic acid, 2’- 
hydroxy-, cupric salt, 611. 
vanadium salts, 1069. 
5’-Sulphobenzeneazoresorcinol, 2-hydroxy-, vanad- 
ium derivatives, 1069. 
4-Sulphonamidophenylthiourea, 1307. 
4’-Sulphonaphthalene-1’: 4-az0-1-pheny!-3-methylpyr- 
or 2’-hydroxy-, aluminium and ammonium 
ts, 


renee acid, a-chloro-, ethyl ester, 


oe monoclinic, transformation of, into rhombic 
orm 
— ‘mono xide, reduction of nitrosylsulphuric acid 
ry, 1157 
Sulphates, determination of, volumetrically, with 
barium rhodizonate, 401. 
Sulphur organic compounds, 831. 
Sulphurous acid, esters, 218. 
Sulphur determination :— 
determination of, in pyrites, 401. 
Sulphurous acid. See under Sulphur 





Sulphuryl chloride, reaction of, with dibenzyl disul- 
phide, 641 
Surface pressure, measurement of, in films, 114. 


T. 


-Taraxasterol, and its derivatives, 798. 

Tartaric acid, isobutyl ester, rotation of, in various 
solvents, 291. 

—— three- ev influence of poles and 
polar linkings on, 1 

Tellurium organic a 831. 

Tephrosia toxicaria, constituents of, 1178. 

Terpenes, catalytic dehydrogenation of, and of terpene 
ketones, 1139. 

Terpenoid compounds, diene syntheses with, 1162. 

a-Terpinene, condensation of, with maleic anhydride, 

702. 

spectrum of, absorption, 1463. 

Tetra-acetyl aldehydophenylglucosides, and their 
derivatives, 1402. 

Tetra-acetyl 1-cryptylglucosides, 244. 

Tetra-acetyl dihydrocryptylglucosides, 244. 

Tetra-acetyl menthylglucosides, 243. 

Tetra-acetyl 4-methylcyclohexylcarbinylglucosides, 244. 

Tetra-acetyl 1-3-methylcyclohexylglucosides, 244. 

Tetra-acetylmucic acid, /-menthyl and octyl esters, 
865 


Tetra-acetyl 4-isopropylcyclohexylcarbinylglucosides, 


Tetra-acetyl-dl-talomucic acid, ethyl ester, 865. 

Tetra-arylarsonium salts, 1192. 

Tetra-arylphosphonium salts, 1192. 

Tetra-arylstibonium salts, 1192. 

Tetrabenzazaporphin, andits metallic derivatives, 1079. 
X-ray structure of, 602. 

Tetrabenzporphin, and its metallic derivatives, 1079. 
X-ray structure of, 602. 

Tetrabenzporphins, intermediates for, 1070, 1076. 

4-n-Tetradecylaminoazobenzene-4’-arsonic acid, 577. 

Tetradecylaniline, 576. 

Tetrahydrodibenzpyran, derivatives, synthesis of, 1121. 

and its triacetyl derivative, 313. 
685. 


and its derivatives, 1321. 


.8:4:5:4’-Tetramethoxystilbene, 200. 


1:2:3:4-Tetramethylanthracene, and its derivatives, 
302. 
1:2:3:4-Tetra methylanthraquinone, 303. 
5:6:9:10-Tetramethyl-1:2-benzanthracene, and its 
picrate, 18. 
photo-oxide, 1126. 
2:4:4:7-Tetramethylchroman-2-carboxylic acid, 1105. 
Se :10-dihydroanthracene, 9:10-di- 
y ', 
5: .6-0:10-Tetramethyl-9:10-dihydro-1:2-benzanthracene, 
9:10-dihydroxy-, 18. 
Tetramethyldinap ldinaphthyline, 202. 
3:3':4:4’-Tetramethyl-1:1’-dinaphthylmethane, 299. 
2:3:4:6-Tetramethyl a- and f-methyl-d-galactosides, 
relation between refractive index and specific 
rotation in mixtures of, 1543. 
2:3:4:5-Tetramethy!l mucic acid, methyl ester, 1114. 
1:2:3:4-Tetramethylnaphthalene, and 1-chloro-, 302. 
B-6-(1:2:3:4-Tetramethylnaphthoyl)propionic acid, 302. 
B-8-(1:2:3:4-Tetramethylnaphthyl)butyric acid, 302. 
Tetramethyl drodinaphthyline, 202. 
1:2:3:4-Tetramethylphenanthrene, 1396. 
1:2:3:4-Tetramethyl-10-phenanthroic acid, 1398. 
a~2’:3':4’:5'-Tetramethylphenylcinnamic acid, o-hydr- 
oxy-, and its methyl ester, and o-nitro-, 1397. 
Tetramethylisopropyinaphthaquinone, 1176. 
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1:2:3:4-Tetramethyl-5:6:7:8-tetrahydroanthracene, 302. 

2:2:5':4’’-Tetramethyl-3’:4’:5’:6’-tetrahydrodibenz- 
pyran, 6”-hydroxy-, and its acetyl derivative, 1124. 

Tetraphenylarsonium salts, 1194. 

Tetraphenylphosphonium salts, 1195. 

Tetraphenylstibonium salts, 1195. 

eee eee synthesis of, 1304. 

Thioacetals, 1550, 1 

Thio-p-cresol, piperidine ~~ 1528. 

Thionaphthens, preparation of, 323. 

Thiophen derivatives, preparation of, 1385. 

Thiophen-5-acetic acid, 3-chloro-, and 3-hydroxy-, 
ethyl esters, 1387. 

a a ’:3’-8-2-thiophen, substituted derivatives 
0 . 

Stoo acid, 3-hydroxy-, ethyl ester, 

Thiophthencarboxylic acid, and its derivatives, 307. 

es acid, and its dimethyl ester, 


Thiophthienyl methyl ketone, and its derivatives, 306. 

Thiophthienyl ethyl ketone, and its 2:4-dinitropheny]- 
hydrazone, 306. 

Thyronine, synthesis of, and its derivatives, 1101. 

Tilden Lecture, 544 


a-Tocopherol, homologues of, 327. 

Toluene, 5-bromo-p-amino-, toluenesulphonyl deriv- 
ative, and 3-bromo-4-nitro-, 450. 

Toluene-3: 4-bis(thiotriethylphosphinegold), 1238. 

p-Toluenesulphinic acid, potassium hydrogen salt, 862. 

a~p-Toluenesulphonamidoacetone, a’-chloro-, 711. 

w-p-Toluenesulphonamidoacetophenone, 711. 

a eens ae Src acid, and bromo-, 
71 


p-Toluenesulphon-2-chloro-4:6-dinitroanilide, 1523. 
N-p-Toluenesulphonylaspartic acid, anhydride and 
methyl ester of, 712. 
2-p-Toluenesulphonylbenzamide, 4-chloro-, 1523. 
2-p-Toluenesulphonylbenzoic acid, 4-chloro-, 1523. 
teen chloro-, and nitro-, 


N-p-Toluenesulphonylglutamic acid, 709. 
dl-p-Toluenesulphonylglutamic acid, 711. 
N-p-Toluenesulphonylisoglutamine, 711. 
3-p-Toluenesulphonyl 2-methyl a-methylaltroside, and 
its 4:6-dibenzoyl derivative, 322. 
6-p-Toluenesulphonylnitrobenzene, 2:4-dibromo-, and 
2:4-dichloro-, 1527. 
p-Toluenesulphonylpiperidinobenzonitriles, 1525. 
p-Toluenesulphonyl-p-tolylthiobenzonitriles, 1524. 
ulphonyl Imethyl 2-methyl a- 
methylaltroside, and its 4-acetyl derivative, 323. 
p-Toluidine, oxidation of, by peroxidase, 769. 
4-p-Toluidino-2:5-toluquinonebis-p-tolylimine, 772. 
y-p-Toluoyl-n-butyric acid, and its derivatives, 452. 
Toluquinol dibenzoate, 329. 
2:5-Toluquinonebis-p-tolylimine, 
Tolyl isocyanodichlorides, 193. 
$-p-Tolyl-n-amyl alcohol, and its derivatives, 452. 
$-p-Tolyl-n-amy] chloride, 452. 
Tolylazo-bis-acetoximes, metallic derivatives of, 654. 
m-Tolylazo-bis-methylethylketoxime, and its metallic 
derivatives, 655. 
eS ete Sai 
m-Tolyl benzyl ketone, 2: “edi 247. 
y-p-Tolyl-4 lactone, 44 
L$ -prdtrowaeer sear onal 194, 
p-Tolyldiphenylguanidine, 194. 
Tolylditolylguanidines, 194. 
B-o-Tolylethyl alcohol, 1241. 
3-p-Tolyl-47-hexenoic acid, 452. 
5-p-Tolyl-n-hexoic acid, and its esters, 452. 
2-0-Tolylidenecyclohexanone, 638 


4-amino-, 771. 


ether, 


' 1:3:8-Trimethoxyanthraquinone, 





2-o-Tolylidene-a-tetralone, 638. 
t-p-Tolyl-8-methylheptane, dl-8-hydroxy-, 
xenyl 453. 
2-p-Tolyl-1-methyl-5-pyrrolidone, 2-hydroxy-, 441. 
2-p-Tolyl-5-pyrrolidone, 2-hydroxy-, 441. 
8-(p-Tolylthio)acetanilide, 5-chloro-2-nitro-, 1528. 
8-(p-Tolylthio)aniline, 5-chloro-2-nitro-, 1528. 
p-Tolylthiobenzonitriles, chloro-, and nitro-, 1523. 
6-p-Tolylthionitrobenzene, 2:4-dibromo-, and 2-mono- 
and 2:4-di-chloro-, 1526. 
dl-y-p-Tolyl-n-valeric acid, and its ethyl ester, 452. 
6-Tosyl a-methylgalactopyranoside, 623 
Toxicity, catalytic, and chemical structure, 252, 469. 
Triarylcarbinols, reduction of, 874, 
Tri-p-bromophenylguanidine, ‘194. 
(Triethylphosphine)gold, mono- and_  tri-bromo-, 
bromoiodo-, chlorobromo-, chlorobromoiodo- and 
en and #richloro-, and triiodo-, 
1 . 
a. cl errata nerorre 
azole)], 804 ° 
428. 


Trimethoxydibenzoylmethanes, hydroxy-, 1373. 
5:6:4’- and 5:8:4’-Trimethoxyflavones, 1373. 
ay" Tymerer eee preparation of, 
a "eee eter preparation of, 
ee N-acetylglucosamine, 434. 
2:4:5-Trimethyl aldehydo 3:6-anhydrogalactose, 628. 
ayy-Trimethylallyl alcohol, preparation of, and its 
ivatives, 1549. 
Trimethylallylammonium chloride and picrate, 1559. 
:2:5'-Trimethyl-4’’-n-amyldibenzpyran, 5’’-hydroxy-, 


1121. 
6”-hydroxy-. . See Cannabinol. 

2:2:5’-Trimethyl-4”-n-amy!-3':4’:5':6’-tetrahydrodi- 
benzpyran, 6”-hydroxy-, 1124. 

2:4:5-Trimethyl 3:6-anhydrogalactonic acid, and its 
methyl ester, 628. 


oe 3:6-anhydrogalactose dimethylacetal, 


2: Hs 5 Trimethyl d-araboturanose, 31. 
Trimethyl-1:2-benzanthracenes, photo-oxides, 1126. 
ae Yepeme te et Hp ay and its picrate, 
2-(2’:4’:6’-Trimethylbenzylidene)-a-hydrindone, 639. 
2-(2’:4’:6’-Trimethylbenzylidene)-a-tetralone, 638. 

a alin picrate, 


Trimethyl-8-chloropropylammonium chloride and 
picrate, 1562. 

Trimethyl-y-chloropropylammonium chloride 
picrate, 1559. 

2:2:4’-Trimethyldibenzpyran, 6”-hydroxy-, 1395. 

2:2:5’-Trimethyldibenzpyran, 5”-hydroxy-, and its 
derivatives, 1120, 1396. 

6:9:10-Trimethyl-9:10:dihydro-1:2-benzanthracene, 
9:10-dihydroxy-, 17. 

2:3:5-Trimethylgalactonic acid, derivatives of, 1116. 

2:3:5-Trimethyl y-galactonolactone, 1116. 

Trimethyl galactose methylphenylphenylosazone, 
1481. 


3: pea re glucosamine, NV -benzoy] derivative, 31. 
ride, 31, 434. 


$e Primethy-d-eycoherenylf-metiyind°y-ata 
8-2: 2:60 Frimeihyl-d-cylobexenyl-methy-d-baen- 


B-ol, 1240 
2-6:s8-Frimathyt-t'-cylchenenyt-p-obengt-47-boten- 
Trimethyl-y-hydroxypropylammonium chloride and 

Picrate, 1559. 
9:8:5-Trimethy! methylgalactoturanoside, 1116. 


and 





1602 


2:3:5-Trimethyl S-methylgalactofururonoside, methyl 
ester, 1112, 1117. 

2:3:4-Trimethyl 8-methylgalactopyranoside, 1511. 

2:3:5-Trimethyl 8-methylgalacturonoside, methy] ester, 


synthesis of , 1114. 
a-methylglucosaminide, 


3:4:6-Trimethyl 

derivative, 30. 
2:3:5-Trimethyl mucic acid, derivatives of, 1112, 1117. 
2:2:3-Trimethylnaphthalene, 1-chloro-, 302. 
1:3:4-Trimethylnaphthalene, 1-chloro-, 299. 
(Trimethylphosphine)gold, bromo-, 1237. 
Trimethyl-4°-propenylammonium salts, 1562. 
ee l-rhamnonic acid phenylhydrazide, 
2:3:5-Trimethyl saccharo-y-lactone, methyl ester, 1045. 
2:2:5’-Trimethyl-3':4’: 5:61 tetrahydrodibenzpyran, 5’’- 

hydroxy-, 1396. 

“ — “-hydroxy-, and their acetyl derivatives, 
r-a8B-Triphenyl-a-benzylethane, r-8-hydroxy-, 843 
Triphenylcarbinol, p-fluoro-, 1254. 
ee stability of, effect of methyl groups 

on, 4 
Triphenylmethyl, fluoro-, 1249. 
ee chloride, action of formic acid on, 

fluoro-, 1254. 

ethyl ether, action of formic acid on, 1333. 

peroxide, p-fluoro-, 1255. 

Triphenylphosphine, colour reactions of, 1374. 
(Tri-n-propylphosphine) gold, chlorodibromo-, 1238. 
Tri-n-propylphosphinetri-n-amylphosphine--di-iodo- 

cadmium-mercury, diiodo-, 1233. 
Tripropylphosphinetripropylarsine-y-di-iodocedmium- 

mercury, diiodo-, 1234. 
aay-Tris(ethylsulphonyl)propane, 1557. 
aaB-Tris(ethylthio)propane, 1555. 
aay-Tris(ethylthio)propane, 1557. 

Triterpene group, 230, 795. 
Triterpene resinols. See under Resinols. 


N-acetyl 


ly’ 
2:4:6-Tri-p-tolylthionitrobenzene, 1527. 
6-Trityl methylgalactofuranoside, 1116. 
6-Trityl 2:3:5-trimethyl methylgalactofuranoside, 1116. 
oy 2:3:4-trimethyl §-methylgalactopyranoside, 


Tropane, dihydroxy-, derivatives of, 1156. 

r-Tropic acid, methyl ester, action of Grignard re- 
agents on, 840. 

Tuberculosis, chemotherapy of, 505. 


U. 
Uridine, preparation of, 747. 


Uridine 3- and 5-phosphates, synthesis of, 746. 
Uridylic acid, synthesis of, 746. 





Index of Subjects. 


Vv. 


Valency, theories of, 544. 

Valeroidine, and its derivatives, 1156. 

— dichotoma and glabra, aspidospermine from, 

51. 

Vanadic acid. See under Vanadium. 

Vanadium tetroxide, amphoteric nature of, 758. 
pentoxide, basic nature of, 895. 
Vanadous chloride, hydroxide and sulphate, 761. 
Vanadic acid, 764. 

Vanadium organic compounds, with azo-dyes, 1064. 

= um ions, oxidation—reduction potentials of, 

Valeriy 0 of reaction in solution, effect of alkyl groups 
ty) 

Vitamin, ‘antirachitic, synthesis of compounds related 


Vitemin-Z, 327. 


Ww. 
Walden inversion in altrose series, 319. 
— evaporation of, through unimolecular films, 
vapour, reaction of, with carbon, 177. 
Wood, “‘ insoluble red,” chemistry of, 787. 


x. 
o-Xylene, 3-bromo-, preparation of, 17. 


Y. 
Yeast ribonucleic acid, constitution of, 746. 


Z. 


Zea mays, stigmas, constituents of petroleum ex- 
tracts of, 1545 

Zinc sulphate, hydrolysis of, 580. 

Zingiberene, om of, absorption, 1462. 


Zymostane, 1488 
Zymostane-C, ||C,-dicarboxylic acid, and its methyl 
ester, 1488. 


Zymostanol, and its derivatives, 1487. 
Zymostanone, and bromo-, 1488. 
* a -B-Zymostenols, and their desivatives, 
Zymosterol, constitution of and its derivatives, 
1482. 





FORMULA INDEX. 


THE Sg ees of organic compounds of known empirical formula is arranged according to Richter’s 
system (see Lexikon der Kohlenstoff-V erbindungen). 

The elements are given in the order, C, H, O, N, Cl, Br, I, F, 8, P, and the remainder alphabetically. 

The compounds are arranged— 

Firstly, in groups according to the number of carbon atoms (thus C, group, C, group, etc.). 

Secondly, according to the number of other elements besides carbon contained in the molecule (thus 
5 IV indicates that the molecule contains five carbon atoms and four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in the above order). 


ew according to the number of atoms of each single element (except carbon) present in the 
molecule. 


Salts are placed with the compounds from which they are derived. The chlorides, bromides, iodides, 
and cyanides of quaternary ammonium bases, however, are registered as group-substances. 


C, Group. 


CO Carbon monoxide, preparation of, from carbonates, 213. 
CCl, Carbon tetrachloride, adsorption of, 159; dielectric constants of, 894. 


il 
CHN Hydrocyanic acid, polymerisation of, 1206; studies on, 407. 
CHCl, Chloroform, adsorption of, by chromic oxide, 162; dielectric constant of, 894. 
CH,O Formaldehyde, action of nitrous acid on, 142. 


CH;Br Methyl bromide, hydrolysis of, in aqueous formic acid, 945 ; hydrolysis of, in aqueous solution, 925. 


1m 
CH,ON Formamide, refractivity of, 869. 


C, Group. 


C.H,0, Oxalic acid, sodium salt, hydrolysis of, 580. 
C.H,0, Acetic acid, distribution of, between benzene and water, 850; lead salt, reaction of, with ethylene 
lycol, 82; sodium salt, hydrolysis of, 580. 
C,H Ethyl bromide, hydrolysis of, in aqueous formic acid, 945; hydrolysis of, in aqueous solution, 925 ; 
olefin elimination from, 899. 
C.H,O Ethyl alcohol, dielectric constant of, 894. 
C,H,O, Ethylene glycol, reaction of, with lead tetra-acetate, 82. 


2m 
C,H,ONa Sodium ethoxide, racemisation of carboxylic esters by, 216. 


C, Group. 
C,H,O Acetone, dielectric constant of, 894. 


C;H,Br isoPropyl bromide, hydrolysis of, in aqueous formic acid, 945; hydrolysis of, in aqueous solution, 
925; olefin elimination from, 899. om 


C,H,ON £-Methylaminoethanol, and its picrate, 289. 


3 IV 
C,H,BrPAu Bromo(trimethylphosphine)gold, 1237. 
C,H,Br,PAu Tribromo(trimethylphosphine)gold, 1238. 


C, Group. 


C,H,0, Maleic anhydride, detection of, 1374. 
C, tert.-Butyl chloride, substitution of, with water and anions in formic acid solution, 935. 
C,H,Br 1-Butyl bromide, substitution of, with water and anions in formic acid solution, 940. 
tert.-Butyl bromide, hydrolysis of, in acetone, 913, 960; hydrolysis of, in aqueous formic acid, 945; 
hydro ~ of, in aqueous solution, 925; olefin elimination from, 899. 
C,H,,0 n-Butyl alcohol, reaction of, with phosphorus chlorides and oxychloride, 1464. 
Ethyl ether, ignition of, mixed with oxygen, 603 
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C,H,0,N, Barbituric acid, spectrum of, 1275. 
C,H,0O,N, dl-Asparagine, preparation of, 1489. 
C,H,N.S 2-Imino-5-meth coe resolution of, and its salts, 338. 
C,H,0,N dl-Aspartic acid, preparation of, 1489. 


4Iv 


Geo cee Bis-(888-trichloro-a- aydroxyethy!) selenide, 832. 
0.C1,P 2-Butoxyphosphoryl dichloride, 1466. 


C,; Group. 
C,H, cycloPentadiene, kinetics of association of, 735. 


5 
C;H,N, Adenine, spectrum of, absorption ultra-violet, 844 
C;H,,0, Ethyl carbonate, action of sodium on, 216. 


5 I 
nee y-Chloro-a-ethylthio-4*-propene, 1553. 
oHf,,08 er aeke ise 1557. 
oe a —— 1562. 
110,N Seigtemtnagecgtente acid, 1293. 


C,H,0,Cl,Hg, Oxymercurichlorochloromercuripyromeconic acid, 669. 
C,H,0,CIHg Chloromercuripyromeconic acid, 668. 
C,H,0,CIS Ethyl a-chlorosulphonoxypropionate, 229. 


C, Group. 
C,H, Benzene, dielectric constant of, 894. 


6 
Oo. gr -Benzoquinone, detection of, 1374. 
hlorobenzene, dielectric constant of, 894. 
a Quinol, oxidation of, with sodium chlorate, 1092. 
2-Methyl-1 : 3-cyclopentanedione, 1446. 

OH, 4-Hydroxycyclohexanone, 13. 

C.H,,0, Tetrahydroxyadipic acid, 865. 

C,H,,N Trimethyl-4 °-propenylamine, picrate of, 1562. 


6 I 


C,H,O;,Hg Hydroxymercuricomenic anhydride, 667. 

C,H,O,Hg Hydroxymercurikojic anhydride, 669. 

C,H,O,N Nitrobenzene, dielectric constant of, 894. 

On Gs Benzenesulphinic acid, potassium hydrogen salt, 862. 

C,H, Galactose sulphate, barium and brucine salts, 1477. 
cll sulphate, barium and brucine salts, 1477. 

C,H,,0,N Butylaminoacetic acids, 1292. 

a-n-Propylaminopropionic acid, 1293. 


6 IV 


C.H,0.N Picryl iodide, crystal structure of, 1398. 
C.H,0, Chloromercuricomenic acid, 667. 
Chloromercurithiophthen, 306. 
C,H,0. 2-Fluoro-4-nitrosophenol, 811. 
3-Fluoro-4-nitrosophenol, 206. 
OHLONE “a Finore @-alie ame 1, 811. 
uoro-6-ni eno! 
0,ClHg oma 


-u-dibromodicadmium, 1217. 
Sarna 1217. 


C,H, ,CIBr,PAu Chlorodibromo(trieth penning fe 1238. 


C,H, 5! Au Chlorodi-iodo(triethy] ph 1238. 
‘Au Dichlorobromo(triethylp canbe) gold, 1238. 
Au Peseta irony phosphine)gold, 1238. 
Au Bromodi-iodo(triet. ea en etd 1238. 
Au Dibromoiodo(triethylph eto 
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6 VI 
C,H,,CIBrIPAu Chlorobromoiodo(triethylphosphine)gold, 1238. 


C, Group. 


C,H,Cl Triphenylmethyl chloride, action of formic acid on, 1333. 
C,H,O Benzaldehyde, reaction of, with acetophenone, 1295. 
C.H,N p-Toluidine, oxidation of, by peroxidase, 769. 
C.H,,0, Methyl sorbate, polymerisation of, by heat, 1339. 
C,H,,0, isoPentenyl acetate, 1177. 

C,H,,0, 3:6-Anh methylgalactopyranosides, 624, 629. 
Anhydromethylhexosides, 1479. 

Dimethyl xylonolactone, 1505. 
2-Methyl 3:6-anhydroaltrose, 322. 

C,H,,0, Methyl 3:6-anhydrogalactonate, 632. 

C,H,,8, «a-Bis(ethylthio)-4*-propene, 1551. 
aa-Bis(ethylthio)-48-propene, 1552. 
aB-Bis(ethylthio)-4*-propene, 1555. 

7m 

C,H,O Thiophthencarboxylic acid, 307. 

C,H;N Phenyl isocyanodichloride, 193. 

C,H,O.8 p-Toluenesulphinic acid, eee eee hydrogen salt, 862. 

C 5-Hydroxy-2:4-dimethylthiophen-3-carboxylic acid, 1386. 

Dimethylmaleic anhydride semicarbazone, 414. 

5-Ethoxy-2-methylthiophen, 1386. 
B-Methylgalactopyranoside 6-bromohydrin, 630. 

a-n-Butylthiopro dehyde, 1557. 

C,H,,0,8, 1:1-Bis(ethylsulphonyl)cyclopropane, 1563. 
aa-Bis(ethylsulphonyl)-4*%-propene, 1551. 
a8-Bis(ethylsulphonyl)-4*%-propene, 1556. 

C,H,,0,8, af-Epoxy-aa-bis(ethylsulphonyl)propane, 1552. 

C.H,,0,8, Bis(ethylsulphonyl)propionic acid, 1565. 

C,H,,0,8 a-Methylgalactoside sulphate, barium salt, 1478. 
Methylglucoside sulphate, barium salt, 1478. 

C,H,,0.N n-Amylaminoacetic acid, 1293. 

C,H,,0,N Dimethyl xylonamide, 1505. 

C,H, y-Chloro-aa-bis(ethylthio)propane, 1551. 


CIS, 
CH Od in, non agar ee ame 1552. 
<0 


C,H, ydroxy-aa-bis(ethylsulphonyl)propane, 1552. 


7IV 
C,H,0.N.Cl 2-Chloro-4-nitrobenzonitrile, 1523. 
C,H,0.N Nitrophenyl isocyanodichlorides, 193. 
i) 2-Bromobenzoquinone-4-oxime methyl ether, 812. 
2-Bromo-4-nitrosoanisole, 812. 
3-Bromo-4-nitrotoluene, 450. 
C.H,O.NI 2-lodobenzoquinone-4-oxime methyl ether, 812. 
2-Iodo-4-nitrosoanisole, 812. 
C,H,O.NF 2-Fluorobenzoquinone-4-oxime methyl] ether, 812. 
2-Fluoro-4-nitrosoanisole, 812 
3-Fluoronitrosoanisole, 1270. 
C,H,ONF 3-Fluoro-4-aminoanisole, 1270. 
C,.H,O.NS p-Toluenesulphonamide, potassium salt, 711. 
C,H,0. 4-Sulphamido ee wre es 1307. 
C,H. y-Bromo-aa-bis(et: ae a ag 1563. 
C,H,,0,C18, y-Chloro-aa-bis(ethylsulphonyl)propane, 1562. 
C,H, y-lodo-aa-bis(ethylsulphonyl)propane, 1563. 
Glycyl chloride hydrochloride, 421. 


C, Group. 
C,H, Styrene, polymerisation of, catalytically, 115; thermal polymerisation of, 48. 


811 
C,H,O Acetophenone, reaction of, with benzaldehyde, 1295. 
C,H,Cl «a-Phenylethyl chloride, hydrolysis of, in acetone containing mercuric chloride, 679. 
C,H,Br a-Phenylethyl bromide, hydrolysis of, in acetone containing mercuric bromide, 679. 

a- and | tpn 1 bromides, olefin elimination from, 899. 
C,H,,0 2:3-Dimethyl-4 areas we 416. 
C,H,.0, 6-Methyl-4'-cyclohexenecarboxylic acid, 639. 
C,H,,0, 4-Acetoxycyclohexanone, 13. 
C,H,,.0, 2:4-Dimethyl ee 625. 
5 
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C,H,,0,N, 4-Dimethylamino-4’-acetamidoazobenzene, 368. 
-Nitrodimethylaniline, action of nitrous acid on, in hydrochloric acid, 138. 
C,H,,.0,N, 1:4-Bisdiazoacetyl-n-butane, 1305. 
C,H,,.0,8 Ethyl 3-hydroxythiophen-5-acetate, 1387. 
C,H, 1:4-Bischloroacetyl-n-butane, 1305. 
C,H,,0ON 6-Methyl-4'-cyclohexenecarboxylamide, 639. 
C,H,,0N, Crotonylideneacetone semicarbazone, 641. 
C,H,,0,N 2-Methyl-4:5-glucopyrano-4?-oxazoline, 434. 
C,H,,0,N 2:4-Dimethy] 3:6-anhydrogalactonamide, 625. 
C,H,,0,N N-Acetylglucosamine, 433. 
C,H,,0,N, 2:3-Dimethyl mucicdiamide, 1113. 
2:3-Dimethyl saccharamide, 1044. 
C,H,,ON, Methyl n-amyl ketone semicarbazone, 99. 
C,H,,0,P Diethyl n-butyl phosphate, 1467. 
C,H»0,8, y-Hydroxy-f-methoxy-aa-bis(ethylsulphonyl)propane, 1563. 


SIV 

C,H,O,NC1 Chloro-w-nitrostyrenes, 449. 
C,H,O,NBr o-Bromo-w-nitrostyrene, 449. 
C, o-Chloronitrosoacetanilide, 367. 
C,H,0,N.Cl Methyl 5-chloro-4-nitroanthranilate, 285. 
C,H,0,CIS Ethyl 3-chlorothiophen-5-acetate, 1387. 

a-Phenylethyl chlorosulphinite, 228. 
C.H,,0,N,8 N*-Ethylsulphanilamide, 690. 
C,H,,0,CIS £-Octyl chlorosulphinate, 228. 
C,H,,0,CIP Di-n-butoxyphosphorus chloride, 1466. 


8V 
C,H,.0,N,1,8 Cysteyl choline iodide hydriodide, 424. 


C, Group. 
9 


GoHaeOe 


C,H,ON, 6-Amino-4-hydroxyquinoline, and its salts, 1168. 
C Thiophthienyl ethyl ketone, 306. 
C,H,,0,8 5-Ethoxy-2:4-dimethylthiophen-3-carboxylic acid, 1386. 
Ethyl 3-hydroxy-2-methylthiophen-5-acetate, 1387. 
Ethyl 3-h et Oona 1387. 
C,H,,ON, 6-Methyl-4'-cyclohexenaldehyde semicarbazone, 640. 
C,H,,0,N 2:3-Dimethyl p-mothylgslactofururonoelde, 1118. 
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WN N-a-Hydro a a 433. 
a-Ethylsulphony: “peo pees ia 1558. 
a-Carbethoxyethyl n-butyl sulphite, 227. 


18 
C,H,,0,N, 2:3:5-Trimethyl mucicdiamide, 1112, 1117. 
C,H,,0, 2:3:5-Trimethyl galactonamide, 1116. 
ae amet rm 1551. 
ae dehyde diet. 
y 


Hae ylacetal, 1557. 
-Ethylthiopropaldehyde diethylacetal, 1557. 

0,81,.0,8, By-Dimethoxy-aa-bis(ethylthio)propane, 1563. 

C,H 0 y-Ethoxy-aa-bis(ethylsulphonyl)propane, 1551, 1562. 
C,H,,0,8, aay-Tris(ethylsulphonyl)propane, 1557. 


9IV 

C,H,0O,NS 3-Hydroxy-2-carbamyl-l-thionaphthen, 327. 
5 §-Thleen 4-alten-Bcostaasibaiindhes acid, 285, 
C,H,O 2-Carboxyphenylthiolacetamide, 326. 
Quinolinium sulphite, 226. 

C,H,,0,NF 3-Fluoro-6-acetamidoanisole, 1270. 
C,H,,0,N,8 N*-Formyl-N‘-ethylsulphanilamide, 690. 
C,H,,0,N.8 Methyl sulphanilamidoacetate, 1576. 
C,H,,0,N,P Uridylic acid, and its barium salt, 748. 
C,H,,0,N,Cl Glycylglycyl choline chloride hydrochloride, 421. 
C,H,,.0;NCl 3:4:6-Trimethyl N-acetylglucosamine, 434. 


9Vv 


C,H,0. 1-Chloroacetylbenzisothiazolone, 325. 
C,H,,CiBr,PAu Chlorodibromo(tri-n-propylphosphine)gold, 1238. 


C,, Group. 


C,.H,, Ethyl-3:4-benzphenanthrenes, 1160. 

4%: Pentadiene dimeride, 1178. 

100 
C,.H,,0, 2:4-Dihydroxy-3-formylpropiophenone, 246. 
C,.H,.0; 96. Dike doetty-S-satheyigucslonbanenh, 246. 
Methyl tropate, 843. 

C,oH,.N, 4-Amino-2:3-dimethylindole, 286. 
CioH,,0, 2-Methyl-4-propylresorcinol, 246. 
C,,H,;N sec.-Butylaniline, 576. 
oE"o “iB egeleGe a £418 
C . ranic acid, resolution of, 418. 

it dro -1:2-dimethylcyclohexylacetic lactone, 417. 
Phellandric acids, 809. 


OHO; 
2:3:4- 


10m 
C,,H,O,N Indolyl-3-glyoxylic acid, 460. : 
HON, Indolyl-3-glyoxylamide, 459. 
6-Amino-4-hydroxyquinoline-2-carboxylic acid, 1167. 
2 1-3-Indolylglycine, 460, 
3:3-Dimethylphthalimidine, 1088. 


1:4-Bis-2’-amino-4’-thiazolyl-n-butane, and its dihydrochloride, 1305. 
10H, ,ON, ——— mtanone semicarbazone, 640. 
iA )semicarbazides, hydrochlorides of, 337. 
C,,H,,0,N a-Nitrocamphor, mutarotation of, in ‘oe solution, 1202. 
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1s0,Cl, 1:6-Bischloroacetyl-n-hexane, 1305. 
Cae.08 \ ios B- ee a et ig 1386. 
romohexahydrocuminic acid, 809. 
2-Keto-1- methylcyclohexylacetic acid semicarbazone, 417. 

ao acetylaepartate, 1490. 
2-n-Butylcyclopentanone semicarbazone, 641. 
2:3:5-Trimethyl 8-methylgalactofururonoside amide, 1112. 
Methyl] 2:3:5-trimethyl mucicamide, 1118. 

2:3- Dimethyl mucicbismethylamide, 1113. 
Trimethyl-yy-bis(ethylthio)propylamine, picrate of, 1564. 


10 IV 


C,oH,0,Cl. Dichloromercuri-y-pyrone, 666. 
Ceol mere Succino-m-chlorophenylimide, 366. 
oH N,CLBr, 2:4-Dibromobenzeneazo-fy-dichloro-4*-butylene, 815. 
ce -Dichlorocrotonaldehyde 2:4-dibromophenylhydrazone, 816. 
one Dibromodipyridylcadmium, 1218, 
Di-iododipyridylcadmium, 1217. 
CeHLONBr, -Bromo-a-ketobutaldehyde 2:4-dibromophenylhydrazone, 815. 
ono NS ionylbenzisothiazolone, 325. 


0.N.Cl i Chiore 4-nitro. 2:3-dimethylindole, 285. 
2-Hydroxy-2-p-bromo-2-phenyl-5-pyrrolidone, 442. 
OnE O08 2-Aminonaphthalene-6-sulphonamide, 692. 
eH,,0.N,8, N*-4’-Met. a -2’-thiazolylsulphanilamide, 1307. 
uu rome pe cman oe 1575. 


oH,,0,N,S N*-Acetyls 
c: 10H,0,CIS a-Carbethoxybenzyl chlorosulphinate, 228. 
CoH, 0.NS Sessenabekenatamentio acid, 1491. 
C,oH,,0,N,8 N*- Acetylsulphanilamidoacetamide, 1575. 
C1oH,.0,N,8 N*-Acetyl-N?-ethylsulphanilamide, 690. 
N*-Acetyl-N*-ethylsulphanilamide, 690. 
0,980.88 Ethyl sulphanilamidoacetate, and its hydrochloride, 1575. 
Methyl N?- easthgtocighnstinalienstena, 1576. 
C,oH,,0,N,P Guanosine phosphates, 750. 
C,,H,,0,.N,8 1-p-Aminobenzenesulphonylpiperazine, 204. 


10V 


C,.H,ON. Be -Bromo-a-ketobutaldehyde-2:4-dichlorophenylhydrazone, 814. 


049H,,0 -Chloro-a-p-toluenesulphonamidoacetone, 711. 


C,, Group. 


C,,H,O, a- and f- ey ee acids, potassium salts, 861. 
Gubiied 2 YP Mothon crotonolactone, 441. 
Cuil 100 " -Mothoxyphenyl-48-crotonolactone, | 442. 

C,H ethoxy-4*-chromen-3-carboxylic acid, 794. 

6-Met 04, Tllethoxy-2¥-< acetic acid, 795. 
CoH" o 3-Aminophenylpyridines, 1281. 
2:4-Dihydroxy-3-formylbutyrophenone, 246. 
i lethonpecheoten. 3-carboxylic acid, 792. 

¢,,H,,0, 5-Methoxy-2-formyl-8-phenoxypropionic acid, 793. 

1H,,0, 5-Methoxy-2-carboxy-f-phenox ne acid, 794. 
C,,H,,0, 2:4-Dihydroxy-3-methylbutyrophenone, 246. 
Cube Meth: oe eenenerereennan 2 426. 

C,,H,,0, 1-ay-Dihydroxy-f-phenyl-yy-dimethylpropane, 843. 

2-Met phyl- 4-butylresorcinol, 246. 
C,,H,,N sec.-Butylcarbinylaniline, 576. 
C,,H,,0 cis-9-Methyl-4'-3-octalol, 725. 
C,,H,,0, Ethyl 2-keto-1- methylcyclohexylacetate, 417. 

11—),0, cis-1-Methylcyclohexane-1-carboxylic-2-8-propionic acid, 721. 
C,,H,,0, a-Carbethoxyethyl carbonate, 230. 
C,,H. »O cis-9-Methyl-3-decalol, 725. 
C,,H..0, Methyl 2:3:5-trimethyl 8-methylgalactofururonoside, 1112. 

2:4:5-Trimethyl 3:6-anhydrogalactose dimethylacetal, 628. 

C.:Hs85 aa-Bis(ethylthio)-8-n-butylthiopropane, 1558. 


lum 
C,,H,ON, 4-Quinolyl diazomethyl ketone, 1311. 
7 2 Nitrophenylpyridines, and their picrates, 352. 
C,,H,N fee en ne 356. 
C,,H,NBr Bromophenylpyridines, 356. 
C,,H,NI a-4-lodopheny eee 357. 
C,,H,O,N 3- “Carboxymet ylenephthalimidine, methyl ester, 1074. 
Methyl indolyl-3-glyoxylate, 459. 
1608 
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Formula Index. 


C,,H,,0,N, Methyl indolyl-3-glyoxylate oximes, 460. 
1-Nitro-6-methoxy-2-naphthylamine, 387. 

C,;H,00,N, Aspartic acid phenylhydantoin, 1491. 

C,,H,,0,N Methyl B-o-cyanophenylpropionate, 1076. 

C,,H,,0,N 6:7-Dimethoxycarbostyril, 1209. 
6-Met oxycoumarone-2-acetamide, 795. 
5-Methoxy-1-methylindole-2-carboxylic acid, 317. 
Methyl indolyl-3-glycollate, 460. 

C,,H;,0,N Methyl o-carbamylbenzoylacetate, 1074. 

CyH,0,N eA PE ee 1-1-methyl-5-pyrrolidone, 440. 
2-Hydroxy- ae -5-pyrrolidone, 441. 

C,,H,,0,N 2-Hydroxy-2-p-methoxyphenyl-5-pyrrolidone, 442. 

C,,H,,0,8 Ethyl f-(a’-carbethoxyethylthio)crotonate, 1386. 

C,,H,,0,N, a-6-Keto-1:2-dimethylcyclohexylacetic acid semicarbazones, 417. 

C,,H,,0,N ney tee A pce ee ano)-4?-oxazoline, 436. 

C,,H,,0,N, 2:3:5-Trimethyl mucicbismethylamide, 1118. 


[eaecenesiphensantieteyeidinn, 204. 


11V 


C,,H,,ONBrS 2-Bromo-3-propionamido-1-thionaphthen, 326. 
Cc H“0,NCIS Ethylquinclinium chlorosulphinate, 226. 


C,, Group. 


C,:H.» By-Dimethylbutadiene dimeride, 1169. 
cis-1:9-Dimethyloctalin, 1131. 


2 
a-4-Cyanophenylpyridine, 357. 
3 1:9:3°4-Totrahydrona: hthalene-2:3-dicarboxylic anhydrides, 1324. 
C,,H,,0, 2-Hydroxymethyl-1:2:3:4-tetrahydronaphthalene-3-carboxylic lactones, 1325. 
C,,H,,0, Ethyl 6-methoxycoumarone-2-carboxylate, 794. 
1:2:3-4-Tetrahydronapht ene-2:3-dicarboxylic acid, 1321. 

C,,.H,,0, y-Acetyl-a-phenylbutyric acid, 849. 
1-thethy nee eam oes anhydride, 1344. 
y-p-Toluoyl-n-butyric acid, 452. 

CuthaOs Cal a cnae eilicibingihd tiki; 100d 

1-Methylpropen exenedicarboxylic acids, . 

2H,,C1 3- “Tolyl-n-amyl chloride, 452. 

C,,H,,0 fae FO alcohol, 452. 

C,,H,,0, trans- Pein acetate, 726. 

C,.H,,.N 2-Methylpentylaniline, 576. 

C,,H.,.0, Ethyl 2-keto-3:4-dimethylcyclohexylacetate, 417. 

CiaHHa00 1-Methyl-2-propyleyclohexane-3:4-dicarboxylic acid, 1344. 
4- ethyl-2-n- ropylisophthalic acid, 1346. 

C,,H,,0 Dimethyldecalols, 1131. 

0,,H,,0, Methyl 2:3:4:5-tetramethylmucate, 1114. 

C,,H,.0,, Sucrose, action of bacteria on, 237. 

C,,H,.N Di-n-hexylamine, and its hydrochloride, 1314. 


12m 
C,,H.N pe ve wey favre rom a +o 
4- xy-5:6:3’:2’-pyridoquinoline, 1168. 
+ Mae. a waa 1310. 


a- aphthoyl i 
50 
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12 INI—12 IV Formula Index. 


C,,H,O,N, 3:4’-Dinitrodiphenyl, 211. 
1-Nitro-4-phenylnaphthalene, 211. 
Arsanthren Gichiecide, 1188. 


cE : 


Cc. 


open 1074. 


cis-9.- Methyl -4'.3-octalone semicarbasone, 725. 
Thio-p-cresol, piperidine salt, 1528. 
1:12-Dichloro-2:11-diketododecane, 1318. 
Valeroidine, and its salts, 1156. 


12 IV 
C,,H,O,NBr + Sea y+ aacenammmmmmn 450. 


romoniti re , 449. 


Con oer o- -Hydroxybenzeneazoresorcinol, vanadyl complex, 1068. 
C,H, romobenzoquinone-4-oxime-1-p-nitrophenylhydrazone, 812. 
To te aetonmen 4-oxime-1-p-nitrophenylhydrazone, 812. 
2-Fluorobenzoquinone-4-oxime-1-p-nitrophen: geet, 812. 
aB-Dichlorocrotonaldehyde N-acetyl-2:4-dic 
2-Acetamidonaphthalene-6-sulphonamide, 692. 

5-Keto-1-p- ae yrrolidine-2- carboxylic acid, 709. 
5- ee 1-p-toluenesulp 7 yrrolidine-2-carboxyamide, 711. 

partate, 712. 
[amet thizoil 1576. 


rop 
a cetyl- = poprpens a Sd 1576. 
a : OF Moe 1 choline iodide, 422. 

C,,H.,,0,N,8 Ethyl N-ethy Isulphanilamidoacetate, 1576. 
C,.H,.Cl,P.Hg, Bistrieth ebeaphinctetonkinmeveurte chloride, 1221. 

s Bistriethy larsinetetrakismercuric chloride, 1222. 
C,.H,,Br,P Dibromobistriethy! amano 9 eee eet. 1217. 
C,,HioBr PAH Dibromobistriethy. P hosphine-y-dibromodimercury, 1219. 

C,H Br, Dibromobistriethylarsine- y-dibromodicadmium, 1218. 

C,,H,.Br,P.Heg, Bistsisthyiphouphinetelmercurio bromide, 1221. 
on Tt Bistriethylphosphinetetrakismercuric bromide, 1221. 

‘Di-iodobistriethylph hosphinecadmium, 1216. 

Di-iodobistriet shendicoenianions, 1217. 
Cn LP 2 Di-iodobistriethylphosphine-y-di-iododicadmium, 1217. 
C,,H1,P,He ye Sree reer ee se I -di-iodomercury, 1219. 
C,.Hso1,As,Cd, Di-iodobistriethylarsine-p-di diiododicadmium, 1218. 
C,. 2 Di-iodobistriethylarsine-p-di-iododimercury, 1220. 
Cul Bistriethylphosphinetrismercuric iodide, 1221. 

TAs, Bistriethy Ricuinoteiniennio ie 
0 


orophenylhydrazone, 816. 


ea 204284 464064 ©6406 00000 
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Formula Index. 


12V 


C,,H,0,N,SV_ 2’-Hydroxy-5’-sulphobenzeneazoresorcinol, vanadyl complex, salts of, 1069. 
C,,H,,ON,Cl,Br, f-Dichlorocrotonaldehyde N-acetyl-2:4-dibromophenylhydrazone, 816. 
C,,H,.ON,Cl,Br, «aff-Tetrachlorobutaldehyde N-acetyl-2:4-dibromophenylhydrazone, 816. 


C,, Group. 


7-Hydroxy-3:4-benzocoumarin, 1395. 
3:7-Dibromofluorene, 450. 
Phenyl carbonate, action of sodium on, 215. 
5-Hydroxy-6-propionylcoumarin-3-carboxylic acid, 246. 
Benzhydryl chloride, hydrolysis of, in acetone, 920. 
dl-8-Naphthylmethylearbinyl formate, 679. 
6- te :4-cyclohexenocoumarin, 1123. 
1-Chloromethyl-2:3-dimethylnaphthalene, 302. 
1-Chloromethy1-3:4-dimethylnaphthalene, 299. : 
C,,H,,0, 5-p-Tolyl-47-hexenoic acid, 452. 
160s —_— y-acetyl-a-phenylbutyrate, 849. 
ethyl y-p-toluoyl n-butyrate, 452. 
C,3H,.0, me rt -o-tolylethylmalonic acid, 1241. 
8-p-Tolyl-n-hexoic acid, 452. 
Beckeol, 425, 1208. 
Iphloroisobutyrophenone dimethyl ether, 426. 
C,,H,,N n-Hexylbenzylamine, and its hydrochloride, 1313. 


13 
C,,H,OBr, 3:7-Dibromofluorenone, 450. 
C,,H,O,N 4-Nitrodiphenyl-4’-carboxylic acid, 1382. 
3:7-Dibromo-2-aminofluorene, 450. 


C,,;H,,0 7-Methoxy-1-naphthacyl bromide, 1311. 
MO'N 4’-Nitro-2.methoxydiphenyl, 1384. 
C,,H,,0,N Methyl indolyl-3-glyoxylate, acetyl derivative, 459. 
C,;H,,0,N, 1-Nitro-7-methoxy-N-nitrosoaceto-2-naphthalide, 387. 
3-Acetamidopheny Prmaines, 1281. 
midophenylpyridines, 1282. 
3-Keto-10-methoxy-1-methy]-3:4-dihydro-4-carboline, 318. 
Nitro-6-methoxyaceto-2-naphthalides, 387. 
itro-7-methoxyaceto-2-naphthalides, 386. 
C,,H,,ON 4’-Amino-2-methoxydiphenyl, 1384. 
Pay oa ere 356. 
C,,H,,0,N, 6:10-Di ee ee a 285. 
1u0,N, y-4-Nitro-2-acetamidobenzoylbutyric acid, 285. 
C,,H,,0,N 2-Hydroxy-2-phenyl-1-n-propyl-5-pyrrolidone, 441. 
C,,H,,0,N, y-Acetyl-a-phenylbutyric acid semicarbazone, 850. 
y-p-Toluoyl-n-butyric acid semicarbazone, 452. 
1s0,N, Phenylcarbamidobutylaminoacetic acids, 1292. 
C,,H,,ON, Acetone-3-(a-phenylpropyl)semicarbazones, 337. 
C,,;H;,,0. ¢-Aenhony 5 methoxy volanephenene semicarbazone, 1121. 
N Ae ay pee cee op 691. 
C,H.,0,N, ‘Tolylazo-bis-acetoximes, metallic derivatives, 654, 


13 IV 
2-Bromo-3-nitrofluorene, 449. 
Thiophthencarboxyanilide, 307. 
Trichloro-10-methoxy-1-methyl-4-carboline, 318. 
Dichloronitrosocarbanilides, 367. 
¢ pn en i cones comets 1069. 
2H,0,N,Br o-Bromobenzaldehyde 2:4-dinitrop ydrazone, 449. 
Cr ON $-Chloro-10-methoxy-1-meth +4-cuubelins hydrochloride, 318. 
C,,H,,0 3-Acetoxy-2-acetylcarbamyl-1-thionaphthen, 327. 
C,,H,,0,N,8 2-(3’-Nitro-4’-acetamidobenzenesulphonamido , 203. 
C,,H,,0,N,Cl ee ee ydropentindole, 285. 





13 Ww—14 mI Formula Index. 


C,,H,,0,N. y-5-Chloro-4-nitro-2-acetamidobenzoylbutyric acid, 285. 
C,,H,,0 5-Keto-1-p-toluenesulphony]-2-acetylpyrrolidine, 710. 
13H1;;0 a-Toluenesulphonamido-§-ketohexoic acid, 710. 
C,,;H,,0,N,8 -n-Butylthiopropaldehyde 2:4-dinitrophenylhydrazone, 1558. 
a9 Benzenesulphonyl-n-amylaminoacetic acid, 1293. 
C,,H,,0,N,8 Ethyl 4-(p-aminobenzenesulphonyl)piperazine-1-carboxylate, 204. 
C,,;H.,0,N.8 Benzenesulphonyl-n-amylaminoacetamide, 1294. 


13V 


GxHi.0.NCLS Far nly” A eee St a 1527. 
13H,O,NBr,8 2:4-Dibromo-6-p-tolylthionitrobenzene, 1527. 


C,,H,0 2:4-Dichloro-6-p-toluenesulphonylnitrobenzene, 1527. 
C,,H,O,NBr,S 2:4-Dibromo-6-p-toluenesulphonylnitrobenzene, 1527. 
19HL10 2-Chloro-6-p-tolylthionitrobenzene, 1526. 


C,, Group. 
C,,H,, 1:2:3:4-Tetramethylnaphthalene, 302. 
C,,H;, 5-2:6:6-Trimethy]l-4'-cyclohexeny]-8-methyl-4°7-butadiene, 1240. 


140 
C,,H,O, 1:3:8-Trihydroxyanthraquinone, 428. 
C,,H,,0, pay nr lg op me teen among» 1120. 
C,4H,0, 2:4- yee ea 246. 
C,.H,,N 2-Cyano-5-methyldiphenyl, 1120. 
C,,H,,Br 1-Bromo-3:4-dimethylnaphthalene, 299. 
C,,H,,0, 2-Hydroxy-5-benzoyloxytoluene, 330. 

«H,,0, 5-Hydroxy-3-acetyl-6-propionylcoumarin, 246. 
C,,H,,0, 5-Hydroxy-6-butyrylcoumarin-3-carboxylic acid, 246. 
C,,H,,0, 4-Benzyl-2-methylresorcinol, 247. 
3:4-Dimethylnaphthyl-1l-acetic acid, 299. 

Soo Hydrens 5 met 1 acetate, 678. 
C,,H,,0, 6-Hydroxy-5’-methyl-3:4-cyclohexenocoumarin, 1123. 
C,,H, Dibenzy] disulphide, reaction of, with sulphuryl chloride, 641. 
C,,H,,Cl 1-Chloromethy]-2:3:4-trimethylnaphthalene, 302. 
ce Epo thyl)ethyl chloride, 299. 
C,,H,,O p-1-(3:4- 


C,,H,,0; a de eS ae a onmtentin. 246. 
e adduct, : 


CH 00s 2-Keto-5-hydroxy-af-dicyclohexylidene-ethane, 14. 

ethyl oe exoate, 452. 
C,,H,,0, Ethyl Sisto d-corbethenn © nethalitranentets, 417. 
C,,H,,N Heptylbenzylamine, and its hydrochloride, 1314. 
C,,H,,0 4-2:6:6-Trimethy]-4!-cyclohexeny]l-8-methy]-4”-buten-f-ol, 1240. 
C,,H,,0, 2:13-Diketotetradecane, 1318. 


C, His Dithiobenzoy] oxide, 832. 
C,,.H»O Dibenzoyldisulphone, 832. 


1 2 
C,,H,,0,N Ethyl phthalimidyl-3-acetoacetate, 1073. 
7 a 771. 
C,,H,,0,N, Hk ene 
C,.H,,0,N, 4-(4’- 


C,,H,,0 6-Methyl]-4!-cyclohexenaldehyde 2:4-dinitrophenylhydrazone, 640. 
CubsOuGl, Tetra-ncctoxyadi yl dichloride, 865. ae 


1. 470 methylaminomethyl-1-naphthylcarbinol, 1310. 
6-Methyl-4'-cyclohexenanilide, 639. 
C,H,,0,N, Methyl y-acetyl-a-phenylbutyrate semicarbazone, 850. 


Cc. 0, 2:4-Dimethy] 3:6-anh alactose anilide, 625. 
CE ON 2 Methyl4b te neetyiglocopyrene)-d-oxazling 436. 
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Formula Index. 14 NI—15 mm 


C,,HoO0,N, 4:6-Benzylidene hydrazino-a-methylaltrosides, 321. 
C,,H..0,N, Phenylazo-bis-methylethylketoxime, metallic salts, 655. 
C,4H.20,8 Ethyl a-(a’-carbethoxye yep ym 1386. 
CON 1:8-Bis-2’-amino-4’-thiazolyl-n-octane, and its dihydrochloride, 1306. 
C,,H.,0 1:14-Dichloro-2:13- Pnctalatubdacnn, 1318. 
C,,H,,0,8 /-Menthyl butyl sulphite, 227. 


14 IV 


C,,H,0. p-Nitrobenzyl thiophthencarboxylate, 307. 
C,,H, ON. Bis(phenylthiocarbimide) oxide, 193. 
140 Nitro-p-tolylthiobenzonitriles, 1524. 
C,4H00 Nitro Cae re meee 1524. 
Chloro-p-tolylthiobenzonitriles, 1523. 
0.10.08 4-Chloro-2-p-toluenesulphonylbenzoic acid, 1523. 
oes 5-Keto-1-p-toluenesulphonylp lidine-2-carboxylic—acetic anhydride, / 9. 
C0 N-Methyl-N-f-hydroxyethyl-N’-a-naphthylthiourea, 289. 
,H,,0,N,As 4-Dimethylaminoazobenzene-4’-arsonic acid, 577. 
re hylaminoazobenzene-4’-arsonic acid, 577. 
wii: 2- m-Dimethylaminostyrylthiazole methiodide, 59. 
C,,H..0,.N,S Aminoiminosuccinonitrile 5-camphorsulphonate, 1207, 
CT ONC! Benzenesulphonyl-n-hexylaminoacetic acid, 1294. 
C,,H,,0,NCl ere -B- Genes loxyethyldiethylammonium chloride, 421. 
C,,H.,0,.NI Methyl-f- i iodide, 421 
C,,H,,0,N.I Phenylalanyl choline iodide hydriodide, 425. 
C,,H,,0. Menthy] d-f-chloro-B-nitrosobutyrate, 784. 
C,,H.,0,N,8 N*-f8-Diethylaminoethyl-N*-dimethylsulphanilamide, and its hydrochloride, 689. 


14V 
oe Bis-(p-bromophenylthiocarbimide, 193. 
C,H 10. Chloro- LA pore en ee hate merce 1523. 
oan 4-Chloro-2-p-toluenesulphonylbenzamide, 1523. 


C,,H,,0,NBr8 5-Bromo-p-toluenesulphonamidotoluene, 450. 
C,,H,,0,N.CIS 3-Chloro-1-methyl-4- cetbeline methosulphate, 316. 


C,, Group. 


C,,H., dl-a-Curcumene, 453. 
60 


C,,H,,0, 2:4-Dihydroxy-3-formylphenyl benzyl ketone, 247. 
C,,H,,0, 2:6-Dihydroxy- an-ttigl Cenagt ketone, 247. 
Dunniol, 1498. 
C,H "2 aa 4-cycloh 1124. 

10, Acetoxy-3: exenocoumarins, 
GsHl0» Methyl 3-oxalylbenzene-1:2:4-tricarboxylate, 1345. 
C,,H,,0, Methyl 3-oxalylbenzene-1:2:4-tricarboxylate, 1345. 
C,,H,,0, 2-Methyl-4-8-phenylethylresorcinol, 247. 
CisHiss Dihydroallodunnione, 1498. 
C,5H,,0, Hy xyhydroisodunniol, 1497. 
C..HLN *yaro ”Dimethybenzhy lamine, and its picrate, 978. 


182 


Os Dihydrobydroxyhy Gudichanten, 1498. 


C,,Ha00, 2-Acetoxy-4:6- dimethoxy-3- sathgttalageadaiiten, 1208. 
C,,H,,0 dl-8-Hydroxy-{-p-tolyl-8-methylheptane, 453. 
C,,H,.0, 13-Methyl-13-hydroxytetradecoic acid, 69. 


15 
C,,H,O,N, 6:7-Phthalylindazole, 368. 
“Cl, 3:10-Dichloro-5:6-benz-4-carboline, 317. 
C, HN 3-Chloro-5:6-benz- 4-carboline, 316. 





C,H, 4. eee henone, 1295. 
C,,H,,0,N 5-Phenyl a see tn hy 251. 

15H),0,.Br, o-Hy henyl dinitrophenpihydraz eI 250. 
C,,H,,0,N, Malonalde yde bis-2:4-dinitro 


Ce Oe i -isodunnione, 1497. 

CHO > .oewe midoacetanilide, 368. 
tyl-1-nitro-7-methoxy-2-naphthylamine, 386. 

CTOs Fn er ea acid, 1498. 

C,,H,,0.N 4(-Acetamido-2-methoxydipbenyl, 138 1384. 

C,:H,,0,N, Nitroso-4:4’-dimethylcarbanili 

C,;H,,0,N Diacetyl-7-methoxy- 3-naphth oe 383. 

C,;H,,0.N 3- Dicaybethoxymethylenephthalimidine, 1079. 

C,,H,,0,N, 1-Imino-3- ee and its hydrochloride, 1078. 





15 INI—16 I Formula Index. 


70. 6-Nitro-2-piperidino-4-methylquinoline, 1166. 
er Bihyl o-cynuo-p-ccstyi-a-phamplutyente, 060. 
on Diethylaminomethyl-4-quinoly. aa = dipicrate of, 1312. 
Ethy. { phenylcarbamid 
iy Keto- 2-methyl-6: 6-(3':4’: Sie Oactrgacopyranajttahydr 1:4-oxazine, 437. 
pA eee ee nitrosate, 453. 


15 IV 
KI 10-Chloro-3-keto-3:4-dihydro-5:6-benz-4-carboline, 317. 
6-Chloro-3-0-nitrophenylindole-2-carboxylic acid, 317. 
ont aa 2-Nitro-3-benzamido-1-thionaphthen, 326 
C,,H,,0 3:7-Dibromo-2-acetamidofluorene, 450. 
CreHtsd * 1-Phenylacetylbenzisothiazolone, 325. 
2-Bromo-7-aminofluorene, 450. 
Thiophthienyl ethyl ketone 2:4-dinitrophenylhydrazone, 306. 
BG PE wea ne tee: emg pete 711. 
C,,H,,0 wN,As 4-n-Propylaminoazobenzene-4’-arsonic acid, 577. 
C,;H,,0,N,8 Ethyl 4-(p- -acetamidobenzenesulphony!)piperazine-1-carboxylate, 204. 


15V 
C,;H,,0,N,CIS 5-Chloro-2-nitro-3-(p-tolylthio)acetanilide, 1528. 


C,, Group. 
C,,.H,, 1:2-Dimethylanthracene, 
C,H, 1:3- Dipheny!- ceo oa 821. 


160 
CHa Ms Ny 1-Imino-3- co te oe 1078. 


C,H, Chloro-2-phenylnaphthalene, 379 
C,.H,,Br Bromo-2-phenylnaphthalenes, 382. 
Hydroxy- ‘Phenyinaphthalenes, 383. 
C..H.,0; 2’-Hydro: xy-6-methy avone, 1106. 
Ay 6- hesteny-8 5’-methy1-3:4-benzocoumarin, 1120. 
ALaaphthglenine, 378 thalenes, 380. 
-1-naphthylamine, 379. 
phthylamines, 381. 
eto-7-phenyl-1:2:3:4-tetrahydronaphthalene, 1030. 
2-(2’:3’-Dimethylbenzoyl)benzoic acid, 18. 
nylbenzo. ipropioni acid, 1030. 
We -Metho mzoyl-2- hydroxyacetophenone, 1106. 
Htethoxybenzoy oxy)acetophenone, 1106. 
us 5 2- a acid, 1097. 
y-4-Di nenylylbutyrie acid, 1030. 
Tedroay 28: 5’-trimethyldibenzopyran, 1120. 
-2:2:4"- ay yarns ome te 1395. 
C,,H,,0, 6-Benzyloxy-2-methoxyacetophenone, 1373. 
Al. 2 a aB- dantaghevesl ionic acid, 301. 
Aceto ethyl-3:4- hexenocoumarins, 1124. 
wietiyt 4’-metho enoxy)benzoate, 1101. 
¢H,,0 ibenzylmet oe 821. 
5”’-Hydroxy-2:2:5 feared be ar on em 1396. 
a 2: B. trimeth 1-3':4’:5’: Ape 1g gee eee 
0,10, 6-Methoxy-1-4°-pentenyl-1-tetralol, 732. 
CieHn0, 2-Keto-5-acetoxy-af-dicyclohexylidene-ethane, 14. 
C,.H,,N, 1- y-Diethylaminopropyltetrahydroquinoline, 1319. 


16 I 
C,.H,O,N Nitro-2-phenyl-1: eoneisboentennen, 380. 
Grete 2 3- Cyanobenz ylidenephthalimidine, 1078. 
Ciel 00 aN, 1:2” “Dinitro 2-pheny ina hthalene, 380. 
5-Dinitro-2-phenylnaphthalene, 378. 
Osh Oo Nitro-2-phenylnaphthalenes, 378. 
C,.H,,0,N 3-Phenyl-5-(3’:4’-methylenedio ~~ = Ren 251. 
ul. 3-Chloro-1 1-methy]-5:6-benz-4- oabdinn 
CieHh,O.N, ° 4-Diacetamido-2-phenylna: phthelent, 579. 
C,.H,,0,Cl, 4:4’-Di-w-chloroacetyl Sheng, 1317. 
16 
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Formula Index. 


Cr ON. 3-Nitroanisic acid, 1097. 
4-Chloro-2-phen Hiarolef2-(3 ylamine, 378. 
¥ Hyarory benzt 


oS susbannes 2:4-dinitrophenylhydrazone, 246. 
enoxyacetic acid 2:4- dinitrop enylhydrazone, 794. 
ethyl Idiphenyl, 1120. 
nzyl ketone semicarbazone, 247. 


C ee ‘O,.N- Thyo nine methyl ester, and its hydrochloride, 1 1102. 
C,,H,,ON. Ae aB- — iz ydrazides, 335. 


dita and its icrate, 1310. 


2 
4 


1. n-decane, and its dihydrochloride, 1306. 
eee semicarbazone, 417. 


16 IV 


= opaapkibel, valeayl somegien, 1606. 251. 
oF ota ey -nap lex, 1 


droxy-1-naphthylsul 
phthol-4-sulphonic nid, 
hobenzeneazo- B-na pith, copper salts, 611. 
4 2’-Hydroxy-5’-sulphobenzeneazo- B-naphthol, copper salts, 611. 
2’-Hy droxy-5’-sulphobenzeneazo-8-naphthol-6-sulphonic acid, copper salt, 611. 
‘.* Phanvlncsteaniae- 1-thionaphthen, 326. 


copper salt, 611. 


‘2Hlydro Ithiocarbimide) oxides, 193. 
-1-p- nea -2- ag -5-pyrrolidone, 441. 
ee one 3: 3. ‘Dic orosuccindianilide, 3' 
Pn wrong’ NN’-bis-3-bromo-4-methoxypheny] ~g-? 812. 
oxime N N’-bis-3-iodo-4-methoxypheny] ether, 8 
Gh oxime N N’-bis-3-fluoro-4- ate ce re si. 


er Sk nme -arsonic acids ae 
COA . 4- Di-(p-aminobenzenesul iphony))p razine, 204. 
C, NS N*-p- Diethylaminoethyl-N“: roe dimethylsulphanilamide, 688. 
C,,H,,0;N,8 N‘*-8-Diethylaminoethyl-N? “Giothyisulphanilasnide and its hydrochloride, 689. 


16V 
C,,H,,0O,.N.SV 2’-Hydroxy-5’-sulphobenzeneazo- 9 pee er complex, salts of, 1069. 
C..H..0.N.SV 2’. Hydro re Petes seem pemme t Y sulphonic acid, enadiyl comnplen, 1008. 
CreH,.0,N28,V 2 pdoony- 5’-sulphobenzeneazo-f-nap: thol-6-sulphonic acid, vanadyl complex, salts of, 


CreO.Al 3 o-H droxybenzeneazo-B- naphthol aluminichloride pentahydrate, 606. 
1 ydroxy-5’-sulphobenzeneazo-8-naphthol aluminisulphonate, 606. 
C,,.H,,0,,N,SAl FS “Hydroxy-5’ -sulphobenzeneazo-8-naphthol ammonium hexahydrate, 607. 


C,, Group. 
C,,H.. 2-Methyl-2-ethyl-1:2:3:4-tetrahydrophenanthrene, 1279. 


170 


C,,H,N 4-Pyridyldiphenyls, and their picrates, 1282. 
C,,H 0, ‘sHiydroxy-6 : Soaneel fesumanio 3-carboxylic acid, 247. 
oun 3 vravldvphenyle, ‘aad their picrates, 1281. 
4 o-1:2:10:11-tetrahydrofluorenones, 1327. 
xd cei saleehonn 638. 
Methowy 2 henylnaphthalenes, 383. 
C,,H,,0, 2’-Metho D-methyidsvene, 1106. 
171,05 Hydroxy imethoxyflavones, 1373. 


1:3:8- iliriirasinttenastannn, 428. 





17 0—18 1 Formula Index. 


C,,H,.N, Amino-4-pyridyldiphenyls, 1283. 

: . ls p-Anisyl Aniegl pomethylatyry ketone, 250. 
C, . p-toluoylmethane, 250. 
Cc, cokchanmne 791. 

0, "-Methoxybenzoyl- 2-hydroxy-5-methylacetophenone, 1106. 

2-(2” ek ne 5-methylacetophenone, 1105. 

1-Keto-2-methyl-3-ethyl-1:2:3:4-tetrahydrophenanthrene, 1278. 
0,8 ~ -1:2: 9 wimethyL 1.34 ftrahy drophenanihren, 302. 
y-2-Napht trimet; u tone, 30 

C,,.H,,0, B-1-Naphthoyl-a-methyl- ety propionio acid, 1278. 
C,,H,,.N, 2-Piperazino-4-methy]-5:6:3’:2 -pyridoquinoline, 1166. 
C,,H..0, y-1-Naphthyl-a-methyl-a-ethylbutyric acid, 1278. 

-2-Naphthyl-afy-trimethylbutyric acid, 301. 

HO, 4 Access 2:2 dimethyl 3 1176. 
a 4”-Acetoxy-2:2-dimethy]-3’:4’:5’:6’-tetrahydrodibenzopyran, 1124. 

hyl f-2-naphthoyl-af-dimet — 301. 
ad Auramine, and its salts, 461. 

17g,30, 6”-Hydroxy-2:2:5':4”- tetramethyl-3’: ’:5’:6’-tetrahydrodibenzopyran, 1124. 
C,,H..0, Ethyl 2’:4’-dimethoxyphenyl-4!-cyclohexene-2-carboxylate, 1395. 
C,,H,,0, Ethyl a-carbethoxy-y-acetyl-a-phenylbutyrate, 849. 


17m 


C,,H,.0, 


ae 


C,,H, 6:13- ce ce 1475. 


oe 
oat lene, 386 


Methin{2- benzthiazole][2-(3-ethyldihydrobenzthiazole)], 803. 
p-Anisyl- -tolylisooxazoles, 251. 
WN, 3-Dimethylamino-a-4’-nitrophen , onsen ga 58. 
p-Anisyl a-bromo-p-methy omek ketone, 250. 
<0,Br, ~ wee aB-dibromo-B-p- < omer 1 ketone, 250. 
: 3-Dimethylamino-a-4’-nitrop enylcinnamic acid, 58. 


CoH Ol 5-Methoxy-2-formyl-8-phenoxypropionic acid 2:4-dinitrophenylhydrazone, 794. 


C,,H,,0,N, 2-Cyano-2’:6’-dimethoxy-4’:5- Ay“ opganoaee 1121. 
C,.H.,0.N d-isoCoclaurine, and its hydrochloride, 744 

oa on a 1 1-bromo-2 -naphthylmalonate 298. 

oH iacetylphenyl-o-tolylhydrazine, 335. 


On “piecidinoet yl-1-naphthylcarbinol, and its hydrochloride, 1310. 

17H,0,N p-Nitrobenzyl phellandrate, 809. 

Cin. 2:3-Dimethyl methylglycuronoside p-nitrobenzoate, 1044. 

C,,H,,0,N, Piperidinomethyl-6-methoxy-4-quinolylcarbinol, and its hydrochloride, 1313. 
1 


C,,H,;0 5 p-Nitrobenzoy] 2:4-dimethyl 3:6-anhydrogalactose dimethylacetal, 627. 
C,,H,,0 Dipropylaminomethy 4- ninelpleechinel, wet of, 1312. 
O"HAO,N, 5-Methoxy-1-methylindole-2-carboxydiethylacetalylamide, 318. 


ao 


nadyl complex, 1068. 
onic acid, cupric salt, 611. 
2 eed weed n| and its hydriodide, 804 
aan acid, 691. 


era 
On sons Wy diethyls  henilabaide. 600 


OE ONT ther cali icdide. 422. 


C,, Group. 


ont 8- aw. -3:4-benzfluorene, 638. 
1:2:3:4-Tetramethylanthracene, 303. 
Cut 2: 23: 4-Tetramethylphenanthrene, 1398. 
C,,H,, 1:2:3:4- toe ty eS og 2 amenacts 302. 
C\sHso Py-Dimethylbutadiene trimeride, 1169 


Cuodha, Br 10-Bromo-1:2-benzanthracene, 410. 
C,.H,,0 8-Methyl-3:4-benzfluorenone, 638. 
onto 5-Hydroxy-6-phenylacetylcoumarin-3-carboxylic acid, 247. 
3:4-Benzo-1:2: Sieel  -totechpdrefessenene-l-eabonyiic acid, 1326. 
on ‘Phony: :2:9r4-tetrahydronaphtheleno-2: :3-dicarboxylic anhydrides, 1325. 
Gite 2’-Acetoxy-6-methylflavone, 1106. 
C,,H,,Br a-Phenyl-f-2-(1-bromonaphthyl)ethane, isis 
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Formula Index. 18 1—18 VI 


C,sH,,0 2-0-Tolylidene-a-tetralone, 638. 
C,sH 1.0, 1:2:3:4-Tetramethylanthraquinone, 303. 
C,sH,,0, 2-Cinnamoyloxy-4-methoxyacetophenone, 1500. 

>-Hydro -4-methoxybenzoylcinnamoylmethane, 1500. 
C,.H..0; imathougiavenss, 1373. 
C,.H,,0, 5’-Acetoxy-2:2:5’-trimethyldibenzopyran, 1120. 
C,.H,,0, «-Phenyl-f-(3:4:5-trimethoxyphenyl)acrylic acid, 199. 

1sH;,0, Anisoyloxydimethoxyacetophenones, 1372. 

droxytrimethoxydibenzoylmethanes, 1373. 
C,,H,.N; Piperidinomethyl-5:6:3’:2’-pyridoquinolines, and their salts, 1166. 
C,,H2O 5-Keto-1:2:3:4-tetramethyl-5:6:7:8-tetrahydroanthracene, 302. 
C; , 9:10-Dihydroxy-1:2:9:10-tetramethyl-9:10-dihydroanthracene, 18. 
etanethole, 1097. 
C,sH.00, £-6-(1:2:3:4-Tetramethylnaphthoyl)propionic acid, 302. 
CieH0, 3:4:5:4’-Tetramethoxystilbene, 200. 
eH,0, Acetoxy-2:2:5’-trimethyl-3’:4’:5’:6’-tetrahydrodibenzpyrans, 1124. 
B-6-(1:2:3:4-Tetramethylnaphthyl)butyric acid, 302. 
oH, ee ae ae 1168. 
CreHl Ors thyl tetra-acetoxyadipate, 865. 
thyl tetra-acetyl-dl-talomucate, 865. 

0,,H,,05 Hydroxypheny] undecyl ketone, 836. 
C,,.H,,N Dodecylaniline, 576. ; 
C,.H,,0, Oleic acid; magnesium salt, relative phase volumes and type of emulsions stabilised by, 211. 


18 
C,,.H,,ON, p-Benzamidophenylpyridines, 373. 
C,,H,,0,N; Ne gem Ne me 2 379. 
C,,.H,.N,8 Methin[2-(1-met a ne and its hydriodide, 805. 
ethin[{2-quinoline][2-(3-methyldihydrobenzthiazole)], and its hydrochloride, 805. 
Ci9Hts ON Acetamido-2-phenylnaphthalenes, 380. 
henylacetonaphthalides, 379, 381. 
N-y-Phthalimidopropylformanilide, 691. 
a-Cyano-a-pheny]-8-(3:4:5-trimethoxyphenyl)ethylene, 199. 
1:6-Dimethyltetralone 2:4-dinitrophenylhydrazone, 1242. 
6-Methoxycoumarone-2-carboxylic acid 2:4-dinitrophenylhydrazone, 794. 
2 -Cyano-3.5-diethoxy.5’-methyldiphenyl, 1120. 
2:4-Dinitro.3’-diethylaminostilbene, 58. 
4-Nitro-3’-diethylaminostilbene, 58. 
p-Chlorophenacyl phellandrates, 809. 


a 1 phellandrates, 809. 
iperidinomethyl-7-methoxy-l-naphthylcarbinol, and its hydrochloride, 1311. | 
2-m-Diethylaminostyrylpyridine methiodide, 59. 
a laminomethyl-1-naphthylcarbinol, picrate of, 1310. 

iet. 


C,.H;,0,N p- ylaminoethy] laurate, and its hydrochloride, 422. 


18 IV 
Difluorohydroxy-o-benzoquinonebisphenylimines, 207. 
4-Chloro-2-phenylaceto-1-naphthalide, 379. 
N-Acety]-4:2’-difluoro-2:4’-diacetoxydiphenylamine, 206. 
2-m-Dimethylaminostyrylbenzthiazole methiodide, 59. 
4-cycloHexylaminoazobenzene-4’-arsonic acid, 577. 
0,N,As 4-n-Hexylaminoazobenzene-4’-arsonic acid, 577. 
4-(2-Methyl-N-pentyl)aminoazobenzene-4’-arsonic acid, 577. 
, Bistripropylarsinetrismercuric chloride, 1221. 
oP yo ne RL erm Tee 1217. 
HR Dibromobistripropy Crem mk ally aon soma 1218. 
C,,H,,Br,P,Hg, Dibromobistripropylphosphine-y-dibromomercury, 1219. 
C,,H,,Br, Dibromobistripropylarsine-»-dibromodimercury, 1220. 
Di-iodobistripropylphosphinécadmium, 1217. 
C,,H,.1,P,Hg Di-iodobis(tripropylphosphine)mercury, 1234. 
Di-iodobistripropylarsinecadmium, 1217. 
C,5Hyol,P. Di-iodobistripropylphosphine-p-di-iododicadmium, 1218. 
C,H, 1,P. Di-iodobistripropylphosphine-y-di-iodomercury, 1219. 
Cro Aa,O Di-iodobistripropylarsin Ay a ran a 
1sHygl,As,.Hg, Di-iodobistri ylarsine-p-di-i imercury, 1220. 
C,,H,,1,As,Heg, Doten-dodetelstehsthylaniiondianteeury, 1222. 
18V 
C,.H,.Br,P,CdHg Dibromobis(tripropylphosphine)-y-dibromocadmium-mercury, 1234. 
C,,.H,.Br Dibromobia(tri-n-propylarsine)-y-dibromopalladium-mercury, 1234. 
C, Di-iodobis(tri-n-propylphosphine)-p-di-iodocadmium-mercury, 1233. 
18 VI 
Dibromodi-iodobis(propylphosphine)cadmium-mercury, 1234. 
i teimne pein 1234. 
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Formula Index. 


C,, Group. 


C,,H,, 1-Methyl-3:4-benzphenanthrene, 297. 
CisEls» 2-Methyl-1-4”-butenyl-3:4-dihydrophenanthrene, 733. 
ethyl-1-n-butylphenanthrene, 734. ~— 


C,,H,,N 3:4-Benz-2-phenanthronitrile, 1161. 

C,,H,,0 3:4-Benz-1-phenanthraldehyde, 297. 

C,,H,,0, 3:4-Benz-2-phenanthroic acid, 297. 

C,H, 10-Bromo-6-methyl-1:2-benzanthracene, 412. 
10-Bromo-9-methyl-1:2-benzanthracene, 412. 

C,,H,,O §-Naphthyl styryl ketone, 250. 

C,,H,,0, Benzoyl-8-naphthoylmethane, 250. 
1:2-Dihydro-3:4-benz-1-phenanthroic acid, 298. 
CEO 1:2-benzanthracene photo-oxides, 1126. 

Benzoyl-2- ochydroxy: -naphthoylmethane, 1500. 
a7 - 3-benzostyryl ketone, 818. 





nzylidene)-a- “hydrindone, 639. 
CHO. 1:2:3:4- eer. 10-phenanthroic acid, 1398. 
9H_,0, ay- ne teen a 452. 
oe 5-H -5’-methyl-7-n-amyl-3:4-benzocoumarin, 1395. 
aS -methyl-7-n-amyl1-3:4-benzocoumarin, 1121. 
0, Diacetyldihydro-a-dunnione, 1496. 
iacetyldihydroisodunniones, 1496. 
P abies, — ee se acid, 
1 , a-p-Anisyl-8-(3:4:5-trimethoxypheny]l) c acid, 199. 
C,,H,,0, Colchinol methyl ether, carbinol from, 197. 
le a-p- -Anisyl-p-(3:4:5-trimethoxyphen nyl)propi ionic acid, 200. 
C,,H.,0, 6’ ~Acotoxy- 2:2:5':4”-tetramethyl-3':4':5’:6’-tetrahydrodibenzopyran, 1124. 
os oxy-5’-methyl-7-n-amyl-3:4-cyclohexenocoumarin, 1123. 
p- et Wane ag wp -5:6:3’:2’- ean and their salts, 1166 
= “Diet ylaminopropylamino-5:6:3’:2’-pyridoquinoline, 1168 
ore §-2:6:6-Trimethyl-41-cyclohexenyl-8-phenyl-4Y-buten-B-ol, 1241. 
Onn 2:3:5-Trimethyl 1 mstiipleninctelnanesti, 1116. 
Di-n-hexyibensylamine, 1314. 


19 Hi 


C,,H,,0C1 3:4-Benz-2-phenanthroy] chloride, 1161. 
C,,H,,0N 1:2-Benz-10-anthramide, 410. 
3:4-Benz-1-phenanthramide, 1160. 
3:4-Benzphenanthramides, 1161. 
Hom -naphthylisooxazoles, 251. 
Oe Oral aphthyl a-bromostyryl ketone, 250. 
2’-H ydroxy-5:6-benzoflavylium chloride, 818. 
OHO oer a-Phenyl-B B-2-(1-bromonaphthyl)acrylic acid, 297. 
oon OF oi Naphthyl af-dibromo-f-phenylethyl ketone, 250. 
O° O.Br’ «-2-(1:Bromonaphthyl)-é-pheny! id, 298. 
- a- romona’ -phenylpropionic aci 
C,,H,,0) Oger” Seamide 4 aplayi henyls is, 1383. { 
Cie OMe a-Naphthylacetone 2: -dinitro hen ylhydrazone, $21. 
CipHi NS Methin{[2-( L-ethy Idih: droquinoline)]{2- benzthiazole], and its hy driodide, 806. 
athin{2-quinoline][{2-(3-ethyldi drobenzthiazole)], and its hydriodide, 805. 
Methin[4- — (3-ethyldihydrobenzthiazole)], and its meg a 807. 
GaesOh, Primethin[2- benzthiazcle][2. (3-ethyldihydrobenzthiazole)], 804 
1-Pheny]l-4-3’ jt er < nn gi 59. 
3 3-Diet are BI a re pment ee Na ° 
a-Cyano-a-p-anisyl UP ew mene ye * ea 200. 
itro-a-2’:3':4’:5’-tetramethylphenyleinnamic acid, 13 
C,,H.,0.N, 3-Diethylamino-a-4’ ee acid. 68. 
C,,H.0,N, 5-p-Tolyl-n-amyl 3:5-dinitrobenzoate, 452. 
Getind * 4-Diphenylyl emma a and its salts, 1317. 
C,,H;,0 o-Amino-a-2’:3’:4’:5’-tetramethylphenylcinnamic acid, 1398. 
ayy-Trimethylallyl a. 1549. 
o-Cyano- ap -anisy]-B-(3:4:5-trimethoxypheny])ethane, 200. 
Cc, 5. eto-1:2:3:4-tetramethyl-5:6:7:8-tetrahydroanthracene semicarbazone, 302. 
N Methylisobutylcarbinyl ————— 1549. 
CieHasON Ethyl a-cyano-e-phenyl-8-methyl-4*-pentene-ae-dicarboxylate, 850. 
Camphor 6-(a-phenylethyl)semicarbazones, 338. 
C,,H;,0. O.N. p-Hydroxyphenyl undecyl ketone semicarbazone, 836. 
CoHAO,M Hosametivel 6-f. glycuronosido-p- eee amide, 78. 
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Formula Index. 


19 IV 


4-Benzy. wo we er we a ~arsonic acid, 577. 
p-Toluenosulphonylp 
ste, ‘Tolnere bet bia(thio iethyl costie 1d), 1238. 
oluene-3:4-bis(thiotri egold), 
att “Methyl. B-lauryloxyethyldiethylammonium iodide, 42 


C,, Group. 


CooHye 5:7-Dimethyl-1:2-benzanthracene, 639. 
1:2-Dimethylchrysene, 300. 
1:2-Dihydro-1:2-dimethylchrysene, 301. 
5:7- I Dimethyl-e:2' dihydro-1:2-benzanthracene, 638. 
CoH, /-Menthyl, 347. 
20 0 
OQ, 1:2-Benzanthranyl-10-glyoxylic acid, 411. 
ne 10. Gyano-6-methyl-1: 4, <n so tea Fag 412. 
10- eo 2-benzanthracene, 412. 
CoH. aa-Di-p-bromophenyl- phenylbromoethylene, 1328. 
C..H,,0 * Acet ——s :4-benzphenanthrenes, 1160. 
1:2-Benzant nyl-10-acetaldehyde, “412. 
9: Methyl-1:2- benz-10-anthraldehyde, 412. 
Gultute Methyl 3:4-benz-2-phenanthroate, 298. 
tg li 2- eepeatineny® 10-acetic acid, 411. 
Ong Met ethoxy-1l ‘-naphthylidene)coumaran-2-one, 819. 
0,01,0. 2  hdetheey 1 naphthol ¢-che> 1, 818 
140, 2-(2’-Methoxy-1’-naphthy]l)-3- monol, 818. 
<0, Dehydromalaccol, 3 313. 
C,,H..0, 1:3:8-Triacetoxy: anthra uinone, 
C.oH,,Br, cn Dig-bomophonyid-phengnthyane 1328. 
aa-Di-p-iodo remit -phenylethylene, 1328. 
1:2-Dimeth ne-1:2-oxide, 300. 
-Hydroxyethyl-1: 2. nthracene, 411. 
ydroxymethyl-6-methyl-1:2-benzanthracene, 412, 
ono parece ye ee 2-benzanthracene photo-oxide, 1126. 
m Anisyl 6-hydroxy-2:3-benz ketone, 818. 
_ One § Dimetilbenoyl -I-na — 17. 


henyl 6-methoxy-2: 3 benzeetyy ketone, 818. 
wad reat 1-2-hydroxy-1 -naphthoy ethane, 1500. 
ee ~« Ra loxy-1-acetona: Tce 1499. 


pO Ethyl bhydeor 1 phthalate, 678. 
Ethyl 5- hpduoxy6-ghonpiecstyiooumacia-S- carboxylate, 247. 
Malaccol, 309. 


Methin{2-quinoline][2-(1-methyldihydroquinoline)], 808. 
Te Dikydrony 1:2 dine chloride, 1246. 
-1:2-dimethyl-1:2-dihydrochrysene, 300. 

2-(2:4’: 6. ‘Trimethylbenzylidene)-tetralone, 638. 
Ketomethoxymethylhexahydrochrysene, 732. 

Methyl rs dae 2:3:4-tetrahydronaphthalene-2:3-dicarboxylates, 1326. 
wes ~ ne stilbenediol diacetate, 1328. 

dcomnslacesl, 3 313. 

Toteaihe ew drochrysene, 733. 

Methyl o-hydroxy-a-2’: rd :5’-tetramethylphenylcinnamate, 1398. 
Matairesinols, 1100. 

meso-aB-Di-(4-hydroxy-3-methoxybenzyl)succinic acid, 1100. 
9:10-Dimethoxy-1:2:9:10-tetramethyl-9:10-dihydroanthracene, 18. 
etanethole, structure of, 1094. 
oe age 1-m-cresol, 1105: 
3 ae phthyline, 201. 
Scan <a <a hyl-5:6: id line, 1166. 

ylaminopropylamino-4-methyl1-5:6:3’:2’-pyridoquinoline, 
0; Miropinic acids, 683. 4) use 
ydromiropinic acids, 685. 

Tetrahydromiropinic acids, 685. 
Te laniline, 576. 

Methyl eptamethyl aldobionate, 74. 

Octamethy] 3-galactosid: 81. 

2-Methylnonadecoic acid, 71. 

1-Bromo-2-methylnonadecane, 71. 
mo-2-methylnonadecane, 70. 
2-Methylnonadecan-1-ol, 71. 

1:10-Bisisoamylaminodecane, and ite hydrochloride, 13 

1:6- “Bis(y-diethylaminopropylemino)kezane, end its I 1320. 
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20 INI—21 1 Formula Index. 


20 Ii 
CoH, -Di-p-chlorophenyl-8-phenylbromoethylene, 1328. 
ee aa-Di- “iodophenyl-p- enylbromoethylene, 1328. 
C.oH,,0,Br, 1-(2’-Methoxy-1’-nap taglidenajecuinnetts:8-ons dibromide, 819. 
C.oH,,0,N, 2:4-Dihydroxy-3-formylbenzophenone 2:4-dinitrophenylhydrazone, 247. 
15ON, $:6-Bons-1-ghenentheahiehede semicarbazone, 297. 
mg mee re semicarbazone, 1162 
C.oH,,OBr, Di-p-bromophenylbenzylcarbinol, 1328. 
CoH Di-p-iodophenylbenzylcarbinol, 1328. 
C.oH,,0,Br, 0-Hydroxyphenyl af-dibromo-f-2-methoxy-1-naphthylethyl ketone, 818. 
C..H,. 3 m-Nitroacetophenone diphenylhydrazone, 170. 
C.oH,,0,N, Phenylazo-bis-benzaldoxime, metallic salts, 655. 
C.oH.,N,I 2-m-Dimethylaminostyrylquinoline methiodide, 59. 
C..H.,0,Br, Dibromometanethole, 1097. 
C.oH,,0,N, Dinitrometanethole, 1097. 
CoH,;0,N, 2:4-Dinitro-3’-dipropylaminostilbene, 58. 
C.oH,,0,.N, 4-Nitro-3’-dipropylaminostilbene, 59. 
Geeta 2-m-Dipropylaminostyrylpyridine methiodide, 59. 
A: Camphor Socket ropyl)semicarbazones, 338. 


Cc 
CxoH,,0,N, Dibutylaminomethyl-6-methoxy-4-quinolylcarbinol, and its dipicrate, 1313. 


C.oH,,0,N, 1:12-Diethylamino-2:11-dihydroxydodecane, 1318. 


20 IV 
C.oH,,0,NCl, 4:6-Dichloro-N’-benzoyldiphenylamine-2-carboxylic acid, 273. 
C..H,,0.NS 2-p-Toluenesulphonamidofluorene, 450. 
CoH,,0,NS, 2:6-Di-p-tolylthionitrobenzene, 1527. 
C..H,,0, 2:6-Di-p-toluenesulphonylnitrobenzene, 1527. 
C..H,,0,N Nitro-3:5-di-(p-tolylthio)anilines, 1528. 
C.oH.sN. ee methiodide, 59. 
C.oH.,0,N,8, 1:4-Di-(p-acetamidobenzenesulphonyl)piperazine, 204. 
C.oH,,0,N.8, 1:6-Bis-p-toluenesulphonylaminohexane, 1319. 


20V 


CooH,,0,NBr,8 3:7-Dibromo-2-p-toluenesulphonamidofluorene, 450. 
O,NCIS, 4-Chloro-2:6-di-p-tolylthionitrobenzene, 1527. 
2.Chloro-4:6-di(p-tolylthio)nitrobenzene, 1528. 
C.oH,,0,.NBrS 2-Bromo-7-p-toluenesulphonamidofluorene, 449. 
C.o9H,.O,NBrS, 4-Bromo-2:6-di-p-tolylthionitrobenzene, 1527. 
20H 1,0, 4-Chloro-2:6-di-p-toluenesulphonylnitrobenzene, 1527. 


C.oH,,0,,N, 2’-Hydroxy-4’-sulphonaphthalene-1’:4-azo-1-phenyl-3-methylpyrazol-5-one alumini- 


sulphonate hexahydrate, 607. 


C,, Group. 


C.,H,, 2-isoPropenyl-3;4-benzphenanthrene, 298. 
C,,H,, Propyl-3:4-benzphenanthrenes, 1161. 
2-tsoPropy ‘dnt beneanentbee, 298. 
6:9:10-Trimethyl-1:2-benzanthracene, 17. 
C.,Hoo Fea on a me eg 1246. 
C,,H,, Octamethyldiphenylmethane, 1397. _ 
210 
C,,H,,0 Propionyl-3:4-benzphenanthrenes, 1161. 
C,,H,,0, 1:2-Dimethylchrysene-7-carboxylic acid, 300. 
Ethyl 3:4-benz-1-phenanthroate, 1161. 
C.,H,,0, Toluquinol dibenzoate, 329. 
C,,H,,0, 5:6:4’-Trihydroxyflavone, 1374. 
C,,H,,0 3:4-Benz-2-phenanthryldimethylcarbinol, 298. 
C.,H,,0, Diphenyl-o-tolylacetic acid, 885. 
10-480Pro yl-1:2-benzanthracene photo-oxides, 1126. 
Trimethyl!-1:2-benzanthracene photo-oxides, 1126. 
C,,H,,0, 0-Anisyl 6-methoxy-2:3-benzostyryl ketone, 818. 
C,H, .N, Methin{2-quinoline([2-(1-ethy! ihydroquinoline)], 808. 
C,,H,,As, Tri-p-tolyldiarsine, 1190. 
C,,H,,Cl 2:5-Dimethyltriphenylmethyl] chloride, 1246. 
C,,H,O 2:5-Dimethyltriphenylcarbinol, 1245. 
CxyH 0 9:10-Lihydroxy-6:9:10-trimethy]-9:10-dihydro-1:2-benzanthracene, 17. 
2-Methoxy-4’-methyltriphenylcarbinol, 877. 
C,,H..0, Methyl p-phenylphenacyl dimethylmaleic anhydride, 414. 
C,,H,,0, 5-Acetoxy-5’-methyl-7-n-amyl-3:4-benzocoumarin, 1395. 
P =,. 7 rah ae Leh teas tchaeteananaah ——,, 
21 js Ethyl a-p-anisyl-B-(3:4:5-trimethoxyphenyl)acrylate, 199. 
C.,H..N, 3-B- ioth: + 1620 





ylaminoethylamino-5:6-benz-4-carboline, and its dihydrobromide, 316. 


> 
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Formula Index. 


C.,H,.0, Cannabinol, structure of, 649. 
6” ydroxy-2: 2:5’ -trimethyl-4”-n-amyldibenzopyran, 1121. 
C,,H.0, 2:3-Dibenzyl B-methylgalactoside, 1148. 
3 “0, Ethyl S-carbethoxy-2.pheny1-5-methyleycloh 6- 
thyl 5-car bet oxy- en met exanone- ropionate, 850. 
Crs ocean from hash nish, 649 4 9. . tied 
iy 2:5’-trimethy]-4’’-n-amy]-3’:4’:5’:6’-tetrahydrodibenzopyran, 1124. 
PY a hear” qi tricarboxylate, 850. 
micropinate, 685. 
hleic acid, 289. 
Fame engl 1-3- methylcyclohexylglucosides, 244. 
Pihvdoes 1443. 


21 
H,,0. 2:4-Dihydroxy-3-formylphenyl benzyl ketone 2:4-dinitrophenylhydrazone, 247. 
oon Oh Acetyl-3:4-benzphenanthrene semicarbazones, 1160. 
oor Oa N-Benzoyl-6-methyldiphenylamine-2-carboxylic acid, 272. 
a-1-(3:4-Dimethylnaphthy]l)-o-nitrocinnamic acid, 300. 
Me ey me phenyleneazine, 1496. 
Dimethylnaphth - ‘seen “uma acid, 300. 


ylamino-a-4’-nitrophenylcinnamonitrile, 58. 
* £p.Toluidino-3 5- cof cheopheaGiclaneensti 772. 


iperidylpi 


a IV 
tnH,0,t Di hrm PC a nylisooxazole, 449. 


4:6-dichloro-N -benzoyldiphenylamine-2-carboxylate, 273. 
Stet aatentan-4s 6-dichloro-2-carbomethoxypheny] ether, 273. 


2-Chloro-N -benzoyl- Pee em mine-2’ _— acid, and its brucine salt, 274. 


p-Toluenesulphonyl eS iobenzonitriles, 1524 
ye ieee ome pyridinium ferrocyanide, 228. 
* Toluenesulphonyl-4-(4’-methoxyphenoxy)benzhydrazide, 1102. 
nzyl ¢-chloro-a-carbobenzyloxyamido-§-ketohexoate, 709. 
O-Met. Yate acca methiodide, 745. 


CoH ONS, Ethyl 4-(p-acetamidobenzenesulphonamidobenzenesulphonyl)piperazine-1-carboxylate, 204. 


C,, Group. 


ee ee EY 382. 
:9:10-Tetramethyl-1:2-benzanthracene, 18. 


22 1 

Acetyl-2-(2’-methoxy- fe ane. 818. 
10-Acetoxymethyl-6-methy]-1:2-benzanthracene, 412. 

o-Acetoxypheny S-mncthony-3i 3-benzostyryl ketone, 818. 
5:6:9:10-Tetramethyl-1:2-benzanthracene photo-oxide, 1126. 
4-Acetoxy-2:6-dibenz ene alae 14, 
2:6- Di.o-talylidenecyelohexanone, 638 . 

9:10-Dihydroxy-5:6:9:10-tetramet as -9:10-dihydro-1:2-benzanthracene, 18. 
2’-Acetoxy-2:4:4:7:4’-pentamethylflavan, 1105. 

Methyl aa aB-di-(4-hydroxy-3-methoxybenzyl)succinate, 1100. 

8-8 Diethylaminoethylamine- -1-methy]-5:6-benz-4-carboline, and its dihydrochloride, 317. 

B-na a 389. 

Methyl a cesteeghion te, 289. 

Tetra- acetyl O15 cminoasagiibonat Icarbinylglucosides, 244. 

NN’ -Bis-(5’’-aminoamy]) inosidinn, and its tetrahydrochloride, 1319. 
1:1’-Bis-(p- diethylaminoethy!)dipiperidyls, 1319. 


B, Propion iL eetiyeenatoes Seen Harman 5-benzbenzthiazole)], 806. 
oe iony!-3:4-benzphenant semicarbazones, | 
nzoyl-2:6’- -dimethyldiphenylamine-2-carboxylic acid, 273. 


¥ 


ef 


ua 


— 


= “a 








22 II—24 11 Formula Index. 


C..H,,0,N Methyl N-benzoyl-6-methyldiphenylamine-2-carboxylate, 272. 
Phenylbenzimino-2-carbomethoxy-6-methylp -— ether, 272. 
C..H,,0,Br 1-Bromo-l-(ethoxy-2’-methoxy-1’-naphthyl methyl)coumaran-2-one, 819. 
Cc ~ p-Methoxypheny] a-methylanilinobenzyl ketone, 349. 
ze ethoxyphenyl a-p-toluidinobenzyl ketone, 349. 
henyl a-methylanilino-p-methoxybenzyl ketone, 349. 
Phenyl a-p-toluidino-p-methoxybenzyl ketone, 349. 
C.,H,,0,Br o-Hydroxyphenyl a-bromo-f-ethoxy-B-2-methoxy-1-naphthylethyl ketone, 819. 
C,,H,,0,N, 2-Keto-5-acetoxy-af-dicyclohexylidene-ethane 2:4-dinitrophenylhydrazone, 14. 
C. isoPropylpyridinium ferrocyanide, 229. 
Aspidospermine, 1051. 
Trimethyl galactose methylphenylphenylosazone, 1481. 


ll nam se pe Na pe -4-quinolylcarbinol, and its vom ~ ecm 1315, 


1-6-methoxy-4-quinolylcarbinols, and their dipicrates, 1313. 


ipiperidino-2:11-dihydroxydodecane, 1318 


22 IV 
C.,H,,0,NC] 0-Chlorophenylbenzimino-2’-carbomethoxy-6’-tolyl ether, 273. 
ethyl 2-chloro-N-benzoyl-6’-methyldiphenylamine-2’-carboxylate, 274. 
C,,H.,0,N. Nitro-8:5-di-(p-tolylthiojootandlid ides, 1528. 
C,,H,,0 N-p-Toluenesulphonylthyronine, 1102. 
C,,H,,0,N,I Gubebenapioangheagiieath choline iodide, 425. 


eK ee 
1:12- 


C,, Group. 


C,H 
Gast, 


10D 


Tetra- 


Cc 0,. Tetra-acetyl 1- t 
OHO Fetes cated Gigdees 
23 
uinoline)][2-(4:5-benzbenzthiazole)], 806. 


C,,H, NS Bethel statin 
ee (othe ihydroquinoline)][2-(6:7-benzbenzthiazole)], 807. 
BOs uinoline][2-(3-ethyldihydro-6:7-benzbenzthiazole)], 807. 


C.3H;,,0. ethyl NV top ant eo aaa 273. 
N-o-Tolylbenzimino-2’-carbomethoxy-6-methylphenyl ether, 272. 

C,,H,,0.N NV Sermon ae tee 1103. 

C.3H.00,.N, Fructose methylphenylhydrazone acetate, 1511. 

Cy3H50,.8, 2:3-Di-p-toluenesulphony! 4:6-dimethyl a-methylglucoside, 455. 
2:3-Ditosyl 4:6-dimethyl B-methylgalactoside, 1149. 


C,, Group. 


C,H, 1:3-Dinaphthyl-2-methylpropylenes, 821. 
Quaterphenyl, 1379. ¢ 
C,,H,, 8-1:1’-(2:2’-Dimethyldinaphthyl)ethane, 298. 


C,,H,,0, Methoxy-2’- pA TY weer 1500. 
3 3’-Amino-2:3-diphenyl-5:6-benzquinoxaline, 386. 
C..H,,0, 9:10-Dimethyl-1:2:5:6-dibenzant » 1126, 
C..H,,0; a hae bE ORY 1382. 
oft, , Hydroxymethoxydinaphthoylmethanes, 1500. 
ethoxynaphthoyloxy-1-acetonapht ones, 1500. 
C,H N, 4:4’”-Diaminoquaterphenyl, 1383. 
3 Letramethyldinaphthyline, 202. 
C.,H,,0, 9-10-Dimethoxy-5:6:9:10-tetramethyl-9:10-dihydro-1:2-benzanthracene, 18. 
C. 0,, l-aB-Di-(4-acetoxy-3-methoxybenzyl)succinic acid, 1100. 
3 p-Phenylphenacyl we tee Fame lacetate, 418. 
C,,H;,N, Tetramethyl-ar-octahydrodinaphthyline, 202. 
CogHsOr0 Tetra-acetyl menthylglucosides, 243. 
OHO. Hedoey hee sptedueyl ketene, 037.” 244, 
ls xypheny. etones, 837. 
Cc 0 laniline, 576. 
C.,H,.N, cei, 1320. 
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Formula Index. 


O.N, 4:4’’’-Dinitroquaterphenyl, 1382. 
Gaels Tetraphenylstilbontam abe 1195. 
Co,HaolP ek ar te marr iodide, 1195. 
C. Tetraphenylarsonium iodide, 1194. 
C Tetraphenylstibonium iodide, 1195. 
C.,.H,;0,N, Benzoin 6-(a-phenylpropyl)semicarbazones, 337. 
C 0.N, Diacetyl-ar-octahydronaphthidine, 202. 
ibenzoyl-4:4’-dipiperidyl, 1312. 
C.,HsN,Fe sec.-Butylpyridinium ferrocyanide, 229. 
C.,.H;,0;,N, Hydroxyphenyl undecy] ketone 2:4-dinitrophenylhydrazones, 836. 
O.N, Di-n-hexylaminomethyl-6-methoxy-4-quinolylcarbinol, and its dipicrate, 1314. 
C,,H;,0;N Erythrophleine, and its sulphate, 286. 


24 IV 


Dibromobistributyl 
Dibromobistributylarsine-y-dibromodimercury, 1220. 
3 Bistributylarsinetrimercuric bromide, 1221. 
Di-iodobistributylphosphine-y.-di-iodomercury, 1219. 
2 Di-iodobistributylarsi o-p-ditododimeroury, 1220. 
C,,H;,1,As,Hg, Bistributylarsinetrimercuric iodide, 1221. 


2vV 


saPsCdHg Di-iodobis(tri-n-butylphosphine)-y-di-iodocadmium-mercury, 1233. 
Di-iodotri-n-propylphosphinetri-n-amylphosphine-p-di-iodocadmium-mercury, 1233. 


C,;, Group. 
C,;H, 3:3’:4:4’-Tetramethyl-1:1’-dinaphthylmethane, 299. 


25 I 
C,;H,,0, Acetoxy-2’-naphthyl-5:6-benzochromones, 1500. 
C,;H..0 p-Phenoxytriphenylmethane, 1334. 
3205 ee eny! undecyl ketone benzoate, 836. 
thyl methylheptadecylmalonate, 71. 


C,,;H,,ON 3:4-Benz-1-phenanthranilide, 297. 
C,;H,,0,N, p-Hydroxyphenyl heptadecyl ketone semicarbazone, 837. 


25 IV 


C,;H,,0.N.8, 2-Piperidino-4:6-di(p-tolylthio)nitrobenzene, 1528. 
4-Piperidino-2:6-di-p-tolylthionitrobenzene, 1527. 


C,, Group. 
C..H,,0, Dimethoxyquaterphenyls, 1381. 
C..H,,0, Ethyl 2-(2’-methoxy-1’-naphthy])-3:4-1’:2’-coumarano-4‘-cyclohexen-6-one-1-carboxylate, 819. 
C,,H.,As, 5:10-Di-p-tolyl-5:10-dihydroarsanthrens, 1189. 
1-(2’-Keto-1’-cyclohexy1-2”-methoxy-1’’-naphthylmethyl)coumaran-2-one, 819. 
)-4*-cyclohexen-2-one-1-carboxylate, 818. 


C..H.N, NN’-Bis-(y-diethylaminopropyl)benzidine, and its tetrahydrobromide, 1319. 
6-Hydroxy-2-methyl-2-(4’:8’:12’-trimethyltridecyl)chroman, 330. 


26 Il 
C,,H,,0,N, 1-(2’-Methoxy-1’-naphthylidene)coumaran-2-one 2:4-dinitrophenylhydrazone, 819. 
C.,H,.0. 5:10-Di-p-tolyl-5:10-dihydroarsanthren dioxide, 1190. 
C,,.H,,Br,As, 5:10-Di-p- yl-5:10- ihydroarsanthren dibromide, 1191. 
now 5:10-Di-p-tolyl-5:10-dihy arsanthren sulphide, 1191. 
C..H,,0 Ethyl  2-(2’-methoxy-1’-naphthyl)-3:4-1’:2”-coumarano-4‘-cyclohexen - 6 - one - 1 - carboxylate 
oxime, 819. 


C,.H,,0,N Ethyl 4-o-hydroxyphenyl-6-(2’-methoxy-1’-naphthyl)-4*-cyclohexen-2-one-1-carboxylate oxime, 
818 


C.,.H,,0,As, 5:10-Di-p-tolyl-5:10-dihydroarsanthren tetrahydroxide, 1190. 

C. pH oN. Hexamethylnaphthidineammonium di-iodide, 202. 

C,,H,,0,N, 4:4’-Bis-(8-piperidino-a-hydroxyethyl)diphenyl, 1317. 

C.,H;,0,N, Anhydrocellobiosazone, 1480. 

C.,.H,,0,N, a and its dipicrate, 1314. 
1623 





26 IV—29 II Formula Index. 


26 IV 


C.H;,0,.NS_p-Toluenesulphonyl-f-p-anisyl-y-(3: 4: 5-trimethoxyphenyl)propylamine, 200. 
Cas n-Butylquinolinium chloroplatinate, 225. 
C.,H,,0,N,As 4-n-Tetradecylaminoazobenzene-4’-arsonic acid, 577. 


26V 
C..H,,0,N.Br,S, §-Bromoethyl carbobenzyloxycystine, 424. 


C,, Group. 


C.,H,, Zymostane, 1488. 
27 
C,,H,,0 r-8-Hydroxy-aff-triphenyl-a-benzylethane, 843. 
C.,H,,0; pe Ip cenayl 8-p-tolyl-n-hexoate, 452. 
CHO, 45-Cholestene-3:4-diones, 62 
CrHud » Dihydrosarcostin triacetate, 1446. 

CxpH..0 Dehydro-a-zymostenol, 1489. 

Y 2 constitution of, 1482. 
C2, Cholestane-3:4-dione, 64. 
i ) Zymostanone, 1488. 

mostenols, 1486. 
0,0, 6-Hydroxy-2:8-dimethy]-2-(4’:8’:12’-trimethyltridecyl)chroman, 330. 
C,,H,.0, Zymostanedicarboxylic acid, 1488. 
C,,H,,0 Zymostanol, 1487. ne 


C,,H,,0,N, 1-Benzyldeoxybenzoin 2:4-dinitrophenylhydrazone, 843. 
C,H, 5:10- Di tolyl- 5:10-dihydroarsanthren methiodides, 1191. 
Grind itectenayl | meth ipo o-tolylethylmalonate, 1241. 
CH. 0M, Ethyl 4-o-hydroxyphenyl-6-(2’-methoxy-1’-naphthy]l)-4*-cyclohexen-2-one-1-carboxylate, 818. 

Tetra-acetyl p-aldehydophenyl-f-glucoside, 1402. 

Onno, 4:6-Dibromo-7-keto-4**5-cholestadiene, 663. 

C.,H,,OBr 6-Bromo-7-keto-4**-cholestadiene, 663. 
3:4: 6-Tribromo-7- keto-4 o_o 663. 


27 IV 
C,,H;,0,NS, 2:4:6- in Oreneiretesiennan, 1527. 
C,.H,.Br,P . Leeper see ee En inedicadmium, 1218. 
osphi 


C.7H,s1,P. Tetra-iodotristripropy! inedimercury, 1222. 
C,,H,,1,A3,Hz, Tetra-iodotristripropylarsinedimercury, 1222. 


Cc 
Cc 
Cc 
Cc 
C 
C 
C 
C 
C 
C 
C 


C,, Group. 
C.sH,, Hydrocarbon from quillaic acid, 1335. 


Cusine Diacetoxyquaterphenyls, 1382, 1385. 
2:3-Dibenzyl 4:6-benzylidene B-methylgalactoside, 1148. 
2:3- ‘Dibeney 4:6-benzylidene a-methy woe 454. 
C.,H;,0, 2 ae po 6-benzochromone, 1500. 
CapH Os 2-Hydroxy-1-naphthoylpalmitylmethane, 1500. 
2-Palmityloxy-l-acetonaphthone, 1500. 3m 


C,,H,,0,Cl, Dichloroscetoxy quate henyls, 1382, 1385. 
C,,H,,0,.N = t -Hydroxy-{-p-tolyl- -methylheptane xenylmethane, 453. 
Cretan ,N, 2:4-Dinitro-3’-dibenzylaminostilbene, 58 
Ci:H,,0,N Cannabinol, 1395. 
CygH3001.8, 2:3-Di-p-toluenesulphony] 4:6-benzylidene a-methylaltroside, 321. 
2:3-Ditosyl 4:6-benzylidene B-methylgalactoside, 1149. 
C.,H,,0,N, Methyl erythrophleate 2:4- dinitrophenylhydrazone, 289. 


28V 
C..H;,0,N,C],Pt «-Carbethoxyethylquinolinium chloroplatinate, 225. 


PARRA Ma @MOaA® 


C,, Group. 


Cook O, 6-Trityl 2:3: were 1 methylgalactofuranoside, 1116. 
ityl - 3:4-trimethyl fa sudinhenlaheggunaetide, 1510. 
OutWD, enic aci 
16. eto itt) oleanone, 1472. 
con 0, 3(B)-Acetoxy-4**-cholestadiene, 67. 
ymosteryl acetate, 1486. 


C,,H,, Oleanenes, 1473. 


in tin tin —_ i 








Formula Index. 


CysHy.0, 3-Acetoxy-4*-cholesten-4-one, 64. 
Quillaol, 1472. 
C.,Hy.0, 3-Acetoxycholestan-4-one-5:6-oxide, 63. 
C,,H.0 16-Hydroxyoleanene, 1473. 
C.,H,,0, Norlupanonol, 457. 
B-Zymosteny] acetate, 1487. 
C.,H,,0, cis-3-Acetoxy-45-cholesten-4-ol, 63. 
C,,.H;.0. Zymostanyl acetate, 1487. 
CpH500, Methyl zymostanedicarboxylate, 1488. 


29 Ii 
C.,H..0,N. Di-p-nitrobenzoyl 2-methyl-4-8-phenylethylresorcinol, 247. 
C.H,,0,,N 2:4:5-Tri-p-nitrobenzoyl 3:6-anhydrogalactose dimethylacetal, 631. 
Cy9H500,08 3-p-Toluenesulphonyl 4:6-dibenzoyl 2-methyl a-methylaltroside, 322. 
C.,H,,0,Br, 5:6-Dibromo-7-ketocholestanyl acetate, 662. 


29 IV 
C.,H;,0,NS §-Naphthalenesulphonyl-f-p-anisyl-y-(3:4:5-trimethoxyphenyl)propylamine, 200. 


C35 Group. 


CyoH,,0, Diketone from methyl bassate, 719. 
CyoH,.O0 8-Amyradienone, 236, 1202. 
CyH,.0, Bassic acid, constitution of, 713. 
Methyl gypsogenate, 620. 
Quillaic acid, structure of, 1469. 
0 £f-Amyradienol, 1201. 
Dehydro-f-amyrenol, 236. 
0 etolupeol, 1338. 
CyoHys0, Deoxyquillaic acid, 617. 
Cott soOs Brein, 798. 
iladiol, 797. 
CyoH00, Dihydropolyporenic acid A, 1492. 
CyoH 50012 sec.-Octyl tetra-acetylmucates, 865. 
520, Lupanetriol, 456. 
30 
C,.H,,0,.N ON-Dibenzoylthyronine methyl ester, 1102. 


ae P ——— phenyl heptadecyl ketone 2:4-dinitrophenylhydrazones, 837. 
-Am 


CoH, ienone oxime, 236. 
CyoH,o0.N, 1:14-Dipiperidino-2:13-dihydroxy-2:13-dipropyltetradecane, 1318. 


30 IV 


ac eA 4-n-Octadecylaminoazobenzene-4’-arsonic acid, 577. 
C3oH, 2 Di-iodobistriamylphosphine-y-di-iodomercury, 1220. 


C,, Group. 


N-2-Anthrylauramine, and its hydrochloride, 463. 
-H. -y hep 1 ketone benzoate, 837. 
ethyl dehydrobassate, 718. 
Methyl 16-keto-oleanolate, 1472. 
3:4-Diacetoxy-4*:5-cholestadiene, 64. 
Methyl bassate, 717. 
-Taraxasteryl formate, 798. 
ethyl deoxyquillaate, 617. 
Methyl dihydropolyporenate, 1492. 


31 
C,,H,,0,N, y-Di-p-toluoylpropane bis-2:4-dinitrophenylhydrazone, 452. 


C,, Group. 


C,,H,,0, p-Phenylphenacy]l a-phenyl-f-(3:4:5-trimethoxyphenyl)acrylate, 199. 
C,,H,,0, p-Phenylphenacyl a-phenyl-8-(3:4:5-trimethoxyphenyl)propionate, 199. 
CoH, epi(iso)-a-Amyrenony] acetate, 1197. 

etolupeny! acetate, 1337. 
CrrH so, a-Amyradiony] acetate, 1198. 
GE ist 

500s ethyl polyporenate formate, 1492. 

5006 Methyl polyporenate A keto-acetate, 1492. 

530, f-Amyrenonyl acetate, 1202. 
C,,.H;,0, §-Amyradienyl acetate, 1200. 
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32 INI—36 IV Formula Index. 


32 I 
C,.H,,.N,Pt Platinum phthalocyanine, 36. 
Cs0H,,0,N; Methyl dehydrobassate semicarbazone, 718. 
C,,.H,,0,N, Methyl quillaate semicarbazone, 616. 


32 IV 


C3.H,0,N,V 0o-Hydroxybenzeneazo-f-naphthol, vanadium complex, 1068. 
C..H,,0,N.V o- Sat eA 8 Br bisazo-vanadi-complex, 1068. 
C,.H,,0,.N o- Hydroxybenzeneazo-f-naphthol alumini-oxide tetrahydrate, 606. 


C;2H;,0 1-Piperidino-2:4:6-tri-p-toluenesulphonylbenzene, 1527. 


32 V 
C,,H,,0,N,1,8, Carbobenzyloxycystinyl choline iodide, 424. 


C,;, Group. 


C,;H,,.0, p-Phenylphenacyl a-p-anisyl-8-(3:4:5-trimethoxyphenyl)acrylate, 200. 
Cc “0, p-Phenylphenacyl o-p-eniayl p{3:4:5-tcimethony phony lipecglonste; 200. 
C,;H;,0, Methyl dihydropolyporenate acetate, 1492. 


33 I 
3-8-Diethylaminoethylamino-1:4-dimethylcarbolinium disalicylate, 316. 
4**.Cholestadien-3-one 2:4-dinitrophenylhydrazone, 67. 
45-Cholestene-3:4-dione 2:4-dinitrophenylhydrazone, 63. 
Cholestane-3:4-dione 2:4-dinitrophenylhydrazone, 65. 

Ketolupenyl acetate semicarbazone, 1338. 


C,, Group. 


C,,H,.0, Zymostanyl benzoate, 1487. 
CoH esOe B-Amyranony] acetate enol-acetate, 1512. 
OHeOn I-Monthyl tetra. adipate, 865. 

2 /-Menthyl tetra-acetoxyadipate, . 
ono: Lupanetriol diacetate, 356. 

34 I 
C,,H,,0,,N, /-Matairesinol di-p-nitrobenzoate, 1101. 
C,,H,,0,N, Bis-N N’-phenylcarbamyl-ar-octahydrodinaphthyline, 202. 
C,,H,,0,8 3-p-Toluenesulphony] 6-triphenylmethyl a-methylaltroside, 323. 
HON, 3-y-Diethylaminopropylamino-1:4-dimethylcarbolinium disalicylate, 316. 
CysHw0,,N, Penta-acetylanhydrocellobiosazone, 1480. 
CyHss Cholestanyl phenylurethane, 1487. 
ymostanyl phenylurethane, 1487. 


C,, Group. 
C,;H,,N, Tetrabenzazaporphin, and its metallic salts, 1081; X-ray structure of, 602. 


‘ 35 I 
C,;H;,0,,.N, Cannabidiol bis-3:5-dinitrobenzoate, 652. 


C;;H,.0,N, Chondrofoline, and its salts, 742. 
C,, Group. Lak 
C,H..N, Tetrabenzporphin, and its metallic salts, 1083; X-ray structure of, 602. 
36 I 


Gee yf Somme Yo 4-acetyl 6-triphenylmethy! 2-methyl a-methylaltroside, 323. 
50 4 


ypsogenic acid 2:4-dinitrophenylhydrazone, 620. 
. 36 IV 
CyeHoo Dichlorobistri Iphosphinemercury, 1218. 
Ore Hie, Dichlorebistefoheey phosphine-w-dichloromercury, 1220. 
40d = Dibromobistriphenylphosphinecadmium, 1217. 
Cr¢HoBr ee NA Se eR 1219. 
AY 5 ee co ibromomercury, 1220. 
Cue AnH, ee, Re ibromodimercury, 1220. 
Coe Cd -iodobistripheny Oe ye anamemng 1217. 
C wHg Di-iodobistriphenylphosphinemercury, 1218. 
CseHool,As,Hg Di-iodobistriphenylarsi pei ean 





Formula Index. 


Br, Tetrabromotristributylphosphinedicadmium, 1218. 
a AN A mF a meme 1218. 
, TLetra-iodotristributylphosphinedimercury, 1222. 
2 Tetra-iodotristributylarsi sdimaneury, 22. 


36 V 
CyeH5e0,N1,8, Di-(8-diethylaminoethyl)carbobenzyloxycystine dimethiodide, 423. 


C,, Group. 
C,,H;,0, §-Amyradienyl benzoate, 1201. 
Deh dro-f-amyrenyl mzoate, 236. 
0,,H,,0, Ketolupenyl benzoate, 1337. 
C;,H,40, 8-Amyranonyl benzoate, 235. 
37 IV 
C5;Hy5e0,¢N.8, Methyl-f-glycyloxyethyldiethylammonium dirufianate, 423. 


C,, Group. 
C,sH5,0,, Anisyltrimethoxyphenylacrylic anhydride, 200. 


Di-o-nitrobenzoyloxy quaterphenyls, 1385. 
were mary a yl peroxide, 1255. 
obiosazone hepta-acetate, 1480. 
Gentiobiosazone hepta-acetate, 1481. 
Melibiosazone hepta-acetate, 1481. 
C,,H,,0,.N, Ketolupenyl acetate 2:4-dinitrophenylhydrazone, 1338 


C;, IV 
C,,.H.0,N,I, -isoChondrodendrine methiodide, 745. 
C,, Group. 
C,,H,,0,N,As 4-Cholesterylaminoazobenzene-4’-arsonic acid, 577. 


C,, Group. 
C,,H,,0, Diphenyl-o-tolylmethyl peroxide, 885. 
Diphenyl-m-tolylmethyl peroxide, 1248. 
40 I 
CyoH,O,N, «-O0-Methylisochondrodendrinemethine, hydrochloride of, 746. 
C,, Group. 
C,,H,,0, 2:5-Dimethyltriphenylmethy] peroxide, 1248. 


C,, Group. 
C,,H,,0, Maniladiol dibenzoate, 798. 
C;, Group. 
C,.H;,0,.N,8, NN’-Bis-(5’-benzamidoamyl)benzidine di-p-toluenesulphonate, 1319. 
C,;, Group. 
C,,H,,0, 4*°-Cholestadien-3-ol-4-onyl-6:6’-(4** -cholestadien-4’-ol-3’-one), 63. 
C,, Group. 
C,.H,,0, 4*5-Cholestadien-3-ol-4-onyl-6:6’-(4",*-cholestadien-4’:ol-3’-one)diacetate, 65. 
: C,, Group. 
CuHiss0,N. 4*5.Cholestadien-3-ol-4-onyl-6:6’-(4***’-cholestadien-4’-ol-3’-one) 2:4-dinitrophenylhydrazone, 
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ERRATA. 
Vou., 1939. 


For “k x 10*” read “k x 10-4.” 


VoL., 1940. 


For ‘‘ Todd”’ vead - William Maxwell Todd (unpublished observation).’’ 
For “‘amine’”’ re e.”° 
For “4 Nitvodiphenyl ” read “‘ 3-Nitrodiphenyl.” 
For “* 4-nitrodiphenyl ” vead ** 3-nitrodiphenyl.” 
For “‘ 1938” read “* 1936.” 
For *‘ 901 ” read “** 905. 
For “‘ case 6”’ vead “‘ case 2.” 
Insert “‘ #.”’ 
For “‘ Pre” read “‘ Pr8,” 
Insert “ ¢.” 
For ‘‘ 225” read “‘ 255.” 
For “‘ disposal ” read ‘‘ disposable.” 
For “‘ Sx ™ vead * Sx — 
eqn. 17 For ‘‘ 10,,”" read ‘‘ 1016.” 

» 20 denominator)" For “‘ DT3/2’”” read “‘ (DT)3/3,”” 

»» 21 (numerator) ) et ” read “ (c + x)#/(DT)*#3.” 

»» 21 (denominator) ) “(¢ + x)t.” 

> (numerator) ci ” read “ (¢ + 2’)3.” 
For “‘ date ”’ read “‘ data 
5 For “ c = [NMe,Cl}, . »” ” vead “‘¢ = [NMe,F], = o.’ 


ks hs 
° o ” oe Lz) 
Fig. 3. For PCO Te read kwye" 


5 For “‘ interal ’’ read “‘ internal.”’ 
1 For “ by” read “‘ of.” 
Table III Delete braces from col. 4. 


InpEXx, 1939. 


Col. Line. 
1 3* For ‘‘ D. A.” read “ D. H.” 
2 13* For ‘‘m-and p-Polyphenols ’’ read ‘‘m- and p-Polyphenyls.”’ 


* From bottom 
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SYMBOLS FOR THERMODYNAMICAL AND PHYSICO-CHEMICAL 
QUANTITIES AND CONVENTIONS RELATING TO THEIR 


USE, ADOPTED AS RECOMMENDED PRACTICE BY THE 
CHEMICAL SOCIETY. 


(Where two or more symbols separated by commas or semicolons are given for a 
quantity, these symbols are to be regarded as alternatives for which no pre- 
ference is expressed. On the other hand, where two symbols are separated 
by a dotted line, the former is the first preference.) 


4. To be Printed in Black Italic. 
(Certain important physical constants.) 

F  Faraday’s constant. 
J Mechanical equivalent of heat. 
N_ Avogadro’s number. 
R = constant per mol. 

Rydberg’s constant. 
e Velocity of light in vacuo. 
e Electronic charge (charge equal and opposite in sign to that of an electron). 
g Acceleration due to gravity (standard value, if variation from standard is 

significant). 
eh Planck’s constant. 

ke Boltzmann’s constant. 
m_ Rest mass of an electron. 


2. To be Printed in Ordinary Italic, when not Greek. 
General Physics and Chemistry. 


Length 
mean free path of molecules 
height . ° 
diameter, distance . 
diameter of molecules 
radius . 
molecular weight . 
atomic weight 
atomic number . 
gram-equivalent weight . 
Time ° 
time interval, — half- or mean-life 
frequency . . 
Velocity . 
of ions 


ee 
~ 


NN srs Qae 
— 


< ea™ 


> C, (4, ¥, w) 
(with subscript) 


angular 
Acceleration 


~ 
due to gravity (as variable) 


mae 





Force 

Moment of inertia 

Pressure . ° 
especially osmotic . 


Volume . 
Density . 
Compressibility 


Viscosity 
Fluidity . 


Surface area . 

Angle of contact 

Surface tension 

Parachor 

Surface concentration excess 


Number of mols 
Concentration, mol fraction 
in other terms 


s 
_ 
by Be 


YRZohna OS 2D 
an 


P ze AT 
Oe 3. 
e 


Solubility > 
Diffusion coefficient . 


Chemical equilibrium constant anita reactants) 
solubility product . 

Velocity constant of chemical reaction 

Number of molecular collisions per second °. 

Partition function ° 


Efficiency, of any process # 
Wave function 


os Bleep be 


Heat and Thermodynamics. 


Temperature, on absolute scale, (°K) . 
on other scales 
Thermal conductivity 


Energy (general symbol) 
Work done by or on a system 
Heat entering a system 
Specific heat . 

molecular heat . 
Ratio of specific heats 
Latent heat, perg. . 

per mol 


Intrinsic energy 

Enthalpy, total heat, or heat content . 

Entropy . ° ‘ 

Free energy (Helmholtz) . 

Thermodynamic potential, Gibbs function, free 
energy (G. N. Lewis) . ° ° ° ° 


DP PHORM STK OFS SEH FSH 
| 





Vapour pressure constant . 


Chemical potential 
Activity . . 

coefficient (for molar concentration) 
Osmotic coefficient . 
Van ’t Hoff’s factor . 

Electricity. 

Quantity of electricity . 

especially electrostatic charge 
Potential (difference) , 

Volta potential . 

electrokinetic potential . 

especially electromotive force of voltaic cells 
Potential gradient, in electric field 
Electronic exit work function 
Current . : ‘ 
Resistance 


specific resistance . 
specific conductance 


Inductance, self P 
mutual . 

Electrostatic capacity 

Dielectric constant 


Dipole moment 


Electrochemistry. 


Degree of electrolytic dissociation 
Valency of an ion ; 
Ionic strength . 


Equivalent conductance ° 
equivalent ionic conductance, ‘“‘ mobility 
Transport number , 


Single electrode potential . 
Electrolytic polarisation, overvoltage . 


Magnetism. 


Magnetic field strength 
flux . 
permeability ’ 
susceptibility—volume 
mass . 
moment , : 
induction . 


ec 


. . e . 
ae, 


EMR AD YO pg 


n (with subscript) “A 
ée (with subscript), 

E (with subscript) 
)-.-8 


EX AE Oh 





Wave length 

Wave number . 

Intensity of light ° ‘ ° ; 

Refractive index . ‘ ‘ , , . 1 (with subscript) 

. . - » (with subscript) 
specific refraction . ‘ ° ° : . » (with subscript) 
molecular refraction . , . . . [R] (with subscript) 

Molar extinction coefficient ‘ - 2 


Angle of (optical) rotation ‘ ‘ - 
specific rotation . ‘ oe - [a] 
Specific magnetic rotation 


3. To be Printed in Roman, when not Greek. 


(a) Examples of Mathematical Constants and Operators. 


Base of natural logarithms ° , , - e 
Ratio of circumference to diameter 


Differential 
partial 
Increment 
very small increment 
Sum ° 
Product . . . . . R . 
Function . ° . . f, > 


” ‘sitesi of single-letter abbreviations. 


*Ampére (in wanes 


Angstrom unit 
micron 
metre 


gram 
litre 
R6ntgen unit . 
+Normal (concentration) 
{Molar (concentration) ° ‘ : 
* Eg.“ ma.” for “ milliampére”; but “ amp.” is preferred for ““ ampére.” 
t Seqnented wa hyphen (ood no full stop) from = enleal formula sia hich follows it. 


Rznrre SEP AMO RZ PsP 
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The following prefixes to abbreviations for the names of units should be 
used to indicate the specified multiples or sub-multiples of these units : 
mega- 10° x 
kilo- 10? x 
deci- 107 x 
centi- 10? x 
milli- 10° x 
micro- 10* x 


¢.g., MQ. denotes megohm; kw., kilowatt; and yg., microgram. The use of 
pp. instead of mp. to denote 107 cm., or of y to denote microgram is deprecated. 


4. Subscripts and other Modifying Signs. 
(a) Subscripts to symbols for quantities. 
tye with symbols for thermodynamic functions, referring to 

different systems or different states of a system. 

referring to molecular species A, B, etc. 

referring to a typical ionic species i. 

referring to an undissociated molecule. 

referring to a positive or negative ion, or to a positive or negative 
electrode. 

indicating constant pressure, volume, and temperature 
respectively. 

indicating adiabatic conditions. 

indicating that no work is performed. 

with symbol for an equilibrium constant, indicating that it is 
expressed in terms of pressure, concentration, or activity. 

referring to gas, vapour, liquid, and crystalline states, 
respectively. 

referring to fusion, evaporation (vaporisation of liquid), sublim- 
ation, transition, and dissolution or dilution respectively. 

referring to the critical state or indicating a critical value. 

referring to a standard state, or indicating limiting value at 
infinite dilution. 

with symbols for optical properties, referring to a particular wave- 
length. 


Where a subscript has to be added to a symbol which already carries a 
subscript, the two subscripts may be separated by a comma or the symbol 
with the first subscript may be enclosed in parentheses with the second 


subscript outside. 

(b) Other modifying signs. 

° as right-hand superscript to symbol (particularly to a symbol for a 
general thermodynamic function—see p. 5), referring to a 
standard state. 

[] enclosing formula of chemical substance, indicating its molar 
concentration. 

enclosing formula of chemical substance, indicating its molar 
activity. 
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In crystallography it is recommended that : 


Millerian indices be enclosed in parentheses, ( ) ; 

Laue indices be unenclosed ; 

Indices of a plane family be enclosed in braces, { } ; 
Indices of a zone axis or line be enclosed in brackets, [ ]. 


Numerals attached to a symbol for a chemical element in various positions 
have the following meanings : 


upper left mass number of atom. 
lower left nuclear charge of atom. 
lower right number of atoms in molecule. 


eg. {Li; 2H, (= D,). 


ALPHABETICAL INDEX OF RECOMMENDED SYMBOLS, 
and single-letter abbreviations. 


including all those given in the above lists except prefixes, subscripts and 
other modifying signs. 


The name of any quantity for which a given symbot ts a second preference 
is printed in parentheses. 


free energy—Helmholtz ; atomic weight; surface area. 

Angstrom unit. 

activity; (acceleration). 

ampére, in sub-units—see footnote, p. 2093. 

magnetic induction. 

concentration ; electrostatic capacity. 

with subscript : molecular heat capacity. 

Centigrade. 

velocity of light in vacuo. 

velocity; concentration. 

with subscript ; specific heat. 

diffusion coefficient. 

diameter; distance; (density). 

differential. 

partial differential. 

energy; (intrinsic energy); potential difference, especially electromotive - 
force of voltaic cells. 

with subscript : single electrode potential. 

electronic charge—charge equal and opposite in sign to that of an electron. 

quantity of electricity, especially electrostatic charge. 

with subscript: single electrode potential. 

base of natural logarithms. 

Faraday’s constant. 

force; (free energy—Helmholtz). 

farad; Fahrenheit. 

acceleration;. activity coefficient, for molar concentration; partition 
function. ; 





RNG NER RRS DM 


“Nee F 


1. 
M 
M. 
m 
m 
m. 
N 
N 
N. 
n 


iy 


*Qrasce 
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function. 
thermodynamic potential, Gibbs function, free energy—G. N. Lewis. 
acceleration due to gravity, standard value. 
acceleration due to gravity, as a variable; osmotic coefficient. 
gram. 
enthalpy, total heat, heat content; magnetic field strength. 
henry. 
Planck’s constant. 
height. 
moment of inertia; ionic strength; electric current; intensity of light. 
vapour pressure constant; van ’t Hoff’s factor. 
mechanical equivalent of heat. 
gram-equivalent weight. 
chemical equilibrium constant; (compressibility). 
K, solubility product. 
Kelvin. 
Boltzmann’s constant. 
thermal conductivity; velocity constant of chemical reaction. 
latent heat per mol; self inductance; (solubility product). 
latent heat per g.; length; mean free path of molecules. 
with subscript : equivalent ionic conductance, “ mobility ”’. 
litre. 
molecular weight; mutual inductance; magnetic moment. 
molar concentration. 
rest mass of an electron. 
mass. 
metre. 
Avogadro’s number. 
mol fraction. 
normal concentration. 
number of mols. 
with subscript : (transport number). 
with subscript: refractive index. 
pressure. 
parachor. 
essure. 
quantity of electricity. 
heat entering a system. 
gas constant per mol; Rydberg’s constant. 
electrical resistance. 
with subscript : molecular refraction. 
radius; (specific resistance). — 
with subscript : specific refraction. 
R6ntgen unit. 
entropy. 
solubility ; (surface area). 
temperature, on absolute Kelvin scale. 
with subscript : transport number. 
time; (temperature—not on absolute scale). 





ee 


ao aS OS TE ER LT I EERIE SR EE TR SE or SS 


Bq 


NWR MER YESS 


N 


mR 
& 


r 
Y 
A 
) 
€ 
4 
8 
K 
A 
A 
pe 
U. 
y 
IT 
Il 
7 
wT 
5 
CG 
4 
¢ 
> 
3 
@W 


intrinsic energy. 

velocity component. 

with subscript : velocity of ions. 

volume; potential, potential difference, including Volta potential. 

volt. 

volume; velocity; velocity component. 

(work done by or on a system). 

watt. 

work done by or on a system; velocity component. 

force component; potential gradient in electric field. 

mol fraction. 

force component. 

force component; g.-equivalent weight; number of molecular collisions 
per second; atomic number. 

valency of an ion. 


degree of electrolytic dissociation; angle of optical rotation. 
specific optical rotation. 

surface concentration excess. 

ratio of specific heats; surface tension. 

increment. 

very small increment. 

dielectric constant; molar extinction coefficient. 

electrokinetic potential. 

efficiency of any process; viscosity; electrolytic polarisation, overvoltage. 
angle of contact; temperature—not on absolute scale. 
compressibility; specific conductance; magnetic susceptibility—volume. 
equivalent conductance. 

wave length. 

chemical potential; dipole moment; magnetic permeability. 
with subscript : (refractive index). 

micron. 

frequency ; wave number. 

pressure, especially osmotic pressure. 

product. 

(electrolytic polarisation, overvoltage). 

ratio of circumference to diameter. 

density; specific resistance. 

sum. 

diameter of molecules; (surface tension); (specific conductance). 
time interval, especially half or mean life. 

fluidity; electronic exit work function; magnetic flux. 
function. 

magnetic susceptibility—mass. 

wave function. 

ohm. 


angular velocity; specific magnetic rotation. 





ADDITIONS TO THE LIBRARY OF THE CHEMICAL SOCIETY 
DURING THE YEAR 1940. 


ALLEN, RoBERT. See IMPERIAL INSTITUTE. 
Mineral Resources Department. 

AMERICAN CHEMICAL SocIEtTy. See 
TIONAL FIRE PROTECTION ASSOCIATION. 

AmERICAN Gas AsSOCIATION. Fuel flue 
gases: the application and interpretation of 
gas analyses and tests. New York 1940. 
pp. x + 198. ill. 

AMERICAN MEDICAL ASSOCIATION. The 
vitamins: asymposium. Chicago 1939. pp. 
637. ill. 

AsOcIACION QuIMICA ARGENTINA. Indus- 
tria y Quimica. Vol. I, etc. Buenos Aires 
1935 +. (Reference.) 

ASSOCIATION OF AMERICAN SOAP AND 
GLYCERINE Propucers. Glycerine and its 


Na- 


derivatives. 2nd edition. Chicago 1940. pp. 
28. ill. 

ASSOCIATION OF OFFICIAL AGRICULTURAL 
CHEMISTS. 
analysis. 


Official and tentative methods of 

5th edition. Washington 1940. 
pp. xii + 757. ill. 

BakeER & Co. Bibliography of patents on 
palladium as a catalyst. Part i. United 
States and German patents. Newark, N.J. 
[1939]. pp. 24. 

—— Platinum metals and the chemical 
industry. Newark, N.J. 1939. pp. 14. ill. 

Batt, Joun. See Ecypr. Survey and 
Mines Department. 

BAMFORD, FRANK. 
ation and identification. 
viii + 344. ill. 

Bett, [Str Wit1taM JaMEs]. Sale of food 
and drugs. 10th edition. By R. A. Rosin- 
son and Rospert Ives. London 1939. pp. 
xxviii + 363 + 42. 

Bennett, E. F. A review of driers and 
drying. London 1940. pp. 90. ill. 

Bopansky, MEYER, and BopANsKy, OSCAR. 
Biochemistry of disease. New York 1940. 
pp. xii + 684. ill. 

Bopansky, Oscar. See BoDANSKY, MEYER. 

Borax CONSOLIDATED, Ltp. Ceramic glazes. 
By Fetix Smncer. London [1940]. pp. 95. 

Brappick, H. J. J. Cosmic rays and 
mesotrons. Cambridge 1939. pp. x + 68. 
ill. 

Branpt, Kart. Whale oil: an economic 
analysis. Stanford University 1940. pp. xii 
+ 264. ill. 


Poisons: their isol- 
London 1940. pp. 


BritisH PLastics YEAR Book, 1940. Lon- 
don 1940. pp. 462. ill. (Reference.) 

BRITISH STANDARDS INSTITUTION. British 
Standard Specifications. No. 593—1940. 
General purpose laboratory thermometers. 
(Revised.) pp. 16. 

—— —— No. 611—1940. 
(Revised.) pp. 7. ill. 

—— No. 866—Part II—1940. Sche- 
dule of sizes of tins and cans for commodities 
other than food products for British packers 
in the United Kingdom for the home trade. 
pp. 15. ill. 

—— No. 894—1940. The determin- 
ation of the flow and drop points of fats and 
allied substances. (Apparatus and method 
of use.) pp. 11. ill. 

No. 895—1940. Microbiological 
examination of butter. pp. 14. 
No. 902—1940. Methods of test- 
ing latex, raw rubber, and unvulcanised com- 
pounded rubber. pp. 29. ill. 

—— —— No. 903—1940. Methods of test- 
ing vulcanised rubber. pp. 74. ill. 
No. 909—1940. Vitamins A and 
D in oil for animal feeding purposes. pp. 15. 

No. 910—1940. Controlled cod- 

liver oil mixture for animal feeding purposes. 
pp. 15. 


Petri dishes. 


—_—- 


No. 911—1940. Method for the 
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method. pp. 20. 
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senescence of biocolloids. Kharkov 1939. 
pp. 103. ill. [In Russian.] 

Burke, A. D. Practical manufacture of 
cultured milks and kindred products. Mil- 
waukee 1938. pp. xvi + 195. ill. 
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WILHELM, J.O. Phenomena at the tempera- 
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pp. xii + 362. ill. 
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208. ill. 

CaRTIERE BurGo. The experimental labor- 
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pp. 16.+ 35 plates. (Reference.) 
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London 1939. pp. viii+ 181. ill. 
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by.C. F. Twenry and L. E.C. Hucues. Lon- 
don 1940. pp. viii + 957. (Reference.) 

CHARLEY, V. L. S. See IMPERIAL BUREAU 
OF HORTICULTURE AND PLANTATION CROPs. 

Compacno, I. Analisi dei metalli non fer- 
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Milano 1939. pp. xii + 494. 
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